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AMERICAN SOCIETY CIVIL ENGINEERS, 


INSTITUTED 1852. 


PROCEEDINGS. 


This Society not responsible, body, for the facts and opinions advanced 
any its publications. 


SOCIETY AFFAIRS. 


CONTENTS: 

Minutes Meetings: PAGE 

the Society, December 18th, 1907, and January 8th, 
Announcements: 

Hours during which the Society House 

Annual 

Accessions the Library: 

Donations..... 

purchase......... 
Membership (Additions, Resignations, Deaths)................. 
Recent Engineering Articles Interest .............. 


MINUTES MEETINGS. 


THE SOCIETY. 


December 18th, 1907.—The meeting was called order 8.30 
M.; Director Bowman the chair; Chas. Warren Hunt, 
Secretary; and present, also, 185 members, and guests. 

paper Fetherston, Assoc. Am. Soe. E., entitled 
“Municipal Refuse Disposal: Investigation,” was presented the 
author, and illustrated with lantern slides. Written communications 
from Messrs. William Venable, and Edwin Fisher were pre- 
sented the Secretary, and the subject was discussed orally 
Messrs. Foster Crowell, Stearns, Welton, Albert Cary, 
Norman Leask, and Tribus. 
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MINUTES MEETINGS [Society 


The Secretary announced the following deaths: 

elected Member, December 4th, 1867; 
Honorary Member, December 20th, 1899; died December 13th, 1907. 

CaBELL elected Member, June 1881; died No- 
vember 13th, 1907. 


Adjourned. 


January 8th, meeting was called order 8.30 M.; 
Director Allen Hazen the chair; Chas. Warren Hunt, Secretary; 
and present, also, 210 members, and guests. 

The minutes the meetings November 20th and December 4th, 
1907, were approved printed Proceedings for December, 1907. 

discussion The Use Reinforced Engineering 
Structures was opened Goodrich, Am. E., and 
was continued Messrs. Edwin Thacher, Myron Falk, 
Burr. 

Meem, Am. E., showed some experiments with 
bottomless box illustrating the arching effect wheat, sand, other 
fine material, and tending prove that the greatest pressure the 
sides trench homogeneous material exerted near the top. 


Ballots for membership were canvassed, and the following candi- 
dates elected 


MEMBERS. 


AMBURSEN, Boston, Mass. 
Epwarp Pittsburg, Pa. 
Frank ALEXANDER Boston, Mass. 
JONSBERG Wuhu, China. 


MEMBERS. 


AMMANN, Steelton, Pa. 
McCall Ferry, Pa. 
Wricut Boyp, New York City. 

Farra Nashville, Tenn. 
Henry Sisson Chicago, 

Henry Chelmsford, Mass. 
Joun Anprews Ety, Jr., New York City. 
DeWirt Shreveport, La. 
Estyn Birmingham, Ala. 
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JAMES ARLEIGH GREEN, Denver, Colo. 

Frank Hampton Macon, Ga. 
Horrman, New York City. 
Tokyo, Japan. 

Harry Peter Newark, 
CHARLES WALTER Decatur, 
Kansas City, Mo. 
SAMUEL JEFFERSON Mason, Perth Amboy, 
Murray, Chicago, 

Owens, San Francisco, Cal. 
Homer Austin Paso, Tex. 

New York City. 
Sawyer, Seattle, Wash. 

JAMES FREDERICK Arlington, 
Frank Henry Cincinnati, Ohio. 
ArcHIBALD Bishop, Cal. 
Martin Pittsfield, Mass. 
Anprew Mitchell, Nebr. 

Hans Barneston, Wash. 
Henry New York City. 


The Secretary announced: 


The transfer the following candidates the Board Direction 
January 7th, 1908: 


From MEMBER MEMBER. 


JoHN ACKERMAN, Auburn, 

Connor, New York City. 

Duncan Coomss, New York City. 
BENJAMIN FRANKLIN New York City. 
Dana, New York City. 

Frank Wellsburg, Va. 
Howe, Houston, Tex. 
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MINUTES MEETINGS [Society 


The election the following candidates the Board Direction: 


October ist, 1907: 
Epwarp New York City. 
November 5th, 1907: 


Warren Atlanta, Ga. 

Lams, Sacramento, Cal. 
Harry Philadelphia, Pa. 


December 3d, 1907: 


Merrick New Orleans, La. 

New York City. 
January 7th, 1908: 

ALEXANDER New York City. 

Lone Dulzura, Cal. 

CLEMENT New York City. 

GRANDVILLE Reynarp Washington, 

OLIVER CROMWELL Mt. Vernon, 

New York City. 

Henry Recester, Jr., Baltimore, Md. 

ALEXANDER ILIcH Washington, 


The Secretary announced the following deaths: 


Berrian, elected Member, May 4th, 1887; died 
December 23d, 1907. 

Emory elected Member, March 4th, 1891; died 
December 19th, 1907. 

Epwin elected Member, April 5th, 1876; date 
death unknown. 

Henry elected Member, January 2d, 1890; 
date death unknown. 

Rarter, elected Member, April 2d, 1884; died Decem- 
ber, 1907. 

elected Member, May 3d, 1876; died December 
28th, 1907. 


Adjourned. 


Affairs. ANNOUNCEMENTS 


ANNOUNCEMENTS, 


every day, except Sundays, Fourth July, Thanksgiving Day, and 
Christmas Day. 


MEETINGS. 


Wednesday, February 5th, 1908.—8.30 M.—Ballots for mem- 
will canvassed, and two papers will presented for dis- 
cussion, follows: “Overhead Construction for High-Tension Electric 
and New Suspension for the Contact Wires Electric Rail- 
ways Using Sliding Bows,” Joseph Mayer, Am. Soc. 

These papers were printed Proceedings for December, 1907. 


Wednesday, February 19th, 1908.—8.30 paper entitled 
“Safe Stresses Steel Columns,” Worcester, Am. Soc. 
E., will presented for discussion this meeting. 

This paper printed this number Proceedings. 


Wednesday, March 4th, 1908.—8.30 M.—Ballots for member- 
ship will canvassed, and paper entitled “Effect Earthquake 
Shock High Buildings,” Chew, Am. Soe. E., 
will presented for discussion. 

This paper printed this number Proceedings. 


ANNUAL 


The Fortieth Annual Convention the Society will held 
Denver, Colo., June 23d 26th, 1908. 


The general arrangements for the Convention are the hands 
the following Committees: 


COMMITTEE THE BOARD DIRECTION. 


LOCAL COMMITTEE. 


Jaycox, 
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ANNOUNCEMENTS [Society 


PRIVILEGES ENGINEERING SOCIETIES 
EXTENDED MEMBERS THE 
AMERICAN SOCIETY CIVIL ENGINEERS. 
Members the American Society Civil Engineers will wel- 
the following Engineering Societies, both the use their 
Reading Rooms and all meetings: 


North England Institute Mining and Mechanical Engineers, 
Newcastle-upon-Tyne, England. 

Society Engineers, Victoria Street, Westminster, 
England. 

American Institute Mining Engineers, West Thirty-ninth 
Street, New York City. 

Boston Society Civil Engineers, 715 Tremont Temple, Boston, 
Mass. 

Civil Engineers’ Club 718 Caxton Building, Cleveland, 
Ohio. 

Engineers’ Club St. Louis, 3817 Olive Street, St. Louis, Mo. 

Engineers’ Club Philadelphia. 1122 Girard Street, Philadelphia, Pa. 

Engineers’ Society Western Pennsylvania, 803 Fulton Building, 
Pittsburg, Pa. 

Western Society Engineers, 1737 Monadnock Block, Chicago, 

Louisiana Engineering Society, 604 Tulane-Newcomb Building, 
New Orleans, La. 

Engineers’ Club Central Pennsylvania, Corner Second and 
Walnut Streets, Harrisburg, Pa. 

Engineers’ and Architects’ Club Louisville, Ky., 
Building, Fourth and Jefferson Streets, Louisville, Ky. 

Teknisk Forening, Vestre Boulevard 18-1, Copenhagen, Denmark. 

des Ingenieurs Civils France, Rue Blanche, Paris, 
France. 


Brunkebergstorg 18, Stockholm, 
Sweden. 


Institute Marine Engineers, Romford Road, Stratford, Lon- 
don, E., England. 


Midland Institute Mining, Civil and Mechanical Engineers, 
Sheffield, England. 

Sachsischer Ingenieur- und Architekten-Verein, Dresden, Ger- 
many. 

dos Engenheiros Civis Portuguezes, Lisbon, Portuyal. 

Pacific Northwest Society Engineers, 617-618 Pioneer Build- 
ing, Seattle, Wash. 

Institution Naval Architects, Adelphi Terrace, London, 
C., England. 
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Affairs. ANNOUNCEMENTS 


Memphis Engineering Society, Memphis, Tenn. 

Oesterreichischer Ingenieur- und Architekten-Verein, Eschen- 
bachgasse Vienna, Austria. 

The Junior Institution Engineers, Victoria Street, West- 
minster, W., London, England. 

Engineers the River Plate, Buenos Aires, Ar- 
gentine Republic. 

Sociedad Colombiana Ingenieros, Bogota, Colombia. 

Australasian Institute Mining Engineers, Melbourne, Victoria, 
Australia. 

Cleveland Institute Engineers, Middlesbrough, England. 

Civil Engineers’ Society St. Paul, St. Paul, Minn. 

Koninklijk Instituut van Ingenieurs, The Hague, The Netherlands. 

Rochester Engineering Society, Rochester, 

Brooklyn Engineers’ Club, 197 Montague Street, Brooklyn, 

Montana Society Engineers, Butte, Montana. 

Canadian Society Civil Engineers, 877 Dorchester Street, Mon- 
treal, Que., Canada. 


SEARCHES THE LIBRARY. 


January, 1902, the Secretary was authorized make searches 
the Library, upon request, and charge therefor the actual cost 
the Society for the extra work required. Since that time many searches 
have been made, and bibliographies and other information special 
subjects furnished. 

The resulting satisfaction, the members who have made use 
the resources the Society this manner, has been expressed fre- 
quently, and leaves little doubt that, were generally known the 
membership that such work would undertaken, many would avail 
themselves it. 

The cost trifling, compared with the value the time en- 
gineer who looks such matters himself, and the work can per- 
formed quite well, and much more quickly, persons familiar with 
the Library. 

asking that such work undertaken, members should specify 
clearly the subject covered, and whether references general 
books only, are desired, whether complete bibliography, involving 
search through periodical literature, desired. 

reference this work, the Appendix* the Annual Report 
the Board Direction for the year ending December 31st, 1906, con- 
tains summary all searches made that dete. 


*Proceedings, Vol. (January, 1907). 
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ANNUAL REPORTS [Society 


ANNUAL REPORT THE BOARD DIRECTION FOR 
THE YEAR ENDING DECEMBER 1907. 


PRESENTED THE ANNUAL MEETING, JANUARY 15TH, 1908. 


The Board Direction, compliance with the Constitution ‘of 


the Society, presents its report for the year ending December 
1907. 


MEMBERSHIP. 
The changes membership are shown the following table: 
| \| | | | 
} | | 


Associate Members and Junior. 

Associate and Juniors. 

Reinstatement. 

The net increase during the year, 494, 116 greater than that 
any previous year the Society’s history. Last year’s report con- 
tained diagram showing the increase total membership, and 
the number members each grade, from 1870 (when the total 
membership was 243) the end 1906. The following table, cover- 
ing the increase membership during the past ten years, shows 
marked progression the percentage increase. 


Date. Total Percentage 
Membership. Increase. Increase. 
December 31st, 1897........ 2049 
2924 212 7.82 
539 336 10.49 


4411 494 12.61 


Aff 


as 


will seen that the membership has doubled the past eight 
years, and, although speculation the future may not con- 
sidered profitable, seems interest note that should the present 
percentage increase continue without further acceleration, the pres- 
ent membership total will doubled six years, and January 
1st, 1915 (seven years), the total membership will more than ten 
thousand. 

The number applications received during the year was 791; 
644 for admission, and 147 for transfer. 

The losses death reported during the year number 38, and are 
follows: 

Honorary Members (3): Sir Benjamin Baker, Charles Haynes 
Haswell, Thomas Fitch Rowland. 

Members (28): James Hervey Armington, John Watson Bacon, 
Richard Milford Berrian, Charles Blackwell, Cabell Breckinridge, 
Calvin Easton Brodhead, John Howard Clark, Abraham Beekman 
Cox, Wilfred Emory Cutshaw, Charles Davis, Archibald Ronaldson 
Eldridge, Hiel Hamilton Filley, Eugene Griffin, Josephus Conn Guild, 
Edward Adino Handy, Montague Sylvester Hasie, Daniel Farrand 
Henry, Charles Ezra Hequembourg, Nathaniel Henry Hutton, John 
Donald Maclennan, George Thomas Nelles, Galen Pearsons, George 
Washington Plympton, Charles Francis Powell, Merritt Harrison 
Rogers, Coleman Sellers, Horatio Seymour, Jonathan Wainwright. 

Associate Members (3): Arthur Henry Birks, Albert Johnstone 
Campbell, Myron Edward Evans. 

Associates (2): Frank Leslie Freeman, Joseph William Zipperlein. 

Juniors (1): Paul Ernest Oberndorf. 
Fellows (1): Rumsey. 


LIBRARY. 


The total contents the Library, and the increase during the 
year, are shown the following statement: 


Total Increase 

Contents. during 1907. 
Maps, photographs and drawings... 


these accessions, 312 were donations received answer 
special requests; were donations from publishers; 195 were from 
the estate the late Thomas Long, Am. E.; 752 were 
from the estate the late Croes, Past-President, Am. Soc. 
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ANNUAL REPORTS [Society 


E.; 1638 were donations received regular course, and 160 were 
purchased. 
the beginning 1907, many accessions had been received, but 


not During the year the catalogue has been brought 
date. 


The value accessions the Library during the year fol- 
lows, each accession having been valued separately received: 


160 Volumes purchased 
Binding 565 volumes 


The following amounts have been expended upon the Library dur- 
ing the year: 


Purchase books, subscriptions, express 


Fixtures, supplies and sundries............... 94.74 


The total attendance the Reading Room and Library during 
the year was 804. 

The work making searches the Library for members and 
others has continued increase. During the year new biblio- 
graphies (containing 712 separate references) have been made, copies 
searches made previous years have been furnished, these 
having been brought date. The total cost this work, $499.10, 
has been paid those for whom was undertaken. 


PUBLICATIONS. 


During the year ten numbers Proceedings have been issued 
regularly, and two volumes Transactions have appeared. 

the Proceedings the list references current engineering 
literature has covered pages, and contains 787 classified references 
periodicals. 

The stock the various publications the Society kept hand 
for the convenience members and others now amounts 138 751 
copies, the cost which the Society, for paper and press work 
only, has been $18 597.48. The sale publications has been greater 
than heretofore. 

During the year, 5008 volumes Transactions have been bound 


for members and others the standard and cloth 
bindings. 


— 
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Affairs. ANNUAL REPORTS 


SuMMARY PUBLICATIONS 1907. 


Average Total 
Issued. Edition. Pages. Plates. Cuts. 


Transactions (Volumes) ........ 4575 1162 129 129 
Proceedings (Monthly Numbers). 116 147 
Constitution and List Members 000 316 


The cost publications has been: 


For Paper, Printing, Binding, Transactions and Pro- 


For Boxes, Mailing Lists, Copyright and Sundry Expenses 512.54 
For 325 Extra copies Memoirs and Papers.......... 946.91 

Deduct amount received from sale publications........ 
Net cost publications for 1907............--. $15 099.55 

MEETINGS. 


During the year, meetings have been held, follows: the 
Annual Meeting, the Annual Convention, and other meet- 
ings held the Society House. 

these meetings there were presented formal papers, 
which were illustrated with lantern slides, besides which there were 
topical discussions and one illustrated lecture. The number mem- 
bers and others who took part the preparation of, discussion of, 
these papers was 231. 

The Thirty-ninth Annual Convention was held Mexico City, 
Mexico, and although the party from the United States was not large, 
many Mexican engineers were present, and the meetings, excursions 
and entertainments were well attended, instructive and enjoyable. 

The attendance the semi-monthly meetings has increased greatly 
during the year. The total attendance the twenty-five meetings 
held was about 4640. The registered attendance the Annual Meet- 
ing was 766, and the Annual Convention (includes members 
but there were many members and guests present each 
these meetings who failed register. 
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MEDALS AND PRIZES. 
For the syear ending with the month July, 1906, prizes were 
awarded follows: 


The Norman Medal John Stephen Sewell, Am. E., 
for his paper entitled “The Economic Design Reinforced Concrete 
Floor Systems for Fire-resisting Structures.” 

The Thomas Fitch Rowland prize George Blinn Francis and 
William Franklin Dennis, Members, Am. Soc. E., for their paper 


entitled “The Scranton Tunnel the Lackawanna and Wyoming 
Valley Railroad.” 


SOCIETY HOUSE. 


Since the last report the Board, the Society House has been 
painted and decorated. 


FINANCES. 
During the year the mortgage debt has been reduced payment 
$10 000. 
The attention members invited the Secretary’s statement 
receipts and disbursements, and the general balance sheet which 


accompanies it, which the very satisfactory financial condition 
the Society appears. 


The reports the Secretary and Treasurer are appended. 
order the Board Direction, 


Hunt, 


Secretary. 
New York, 7TH, 1908. 


ANNUAL REPORTS [Society 


GENERAL BALANCE SHEET, DECEMBER 1907. 


re 
ACCOMPANYING THE REPORT THE SECRETARY. 

Three Lots (estimated value)........ Dues for 1908 paid advance........ 20153.78 
Society Building (cost)............. Mortgage Debt and Loan............. 
Publications hand (inventoried cost House, Lots and Library 730.78 

Cash expended for Books, 
Donations, estimated value 
Due from Members....... 
Due from Non-Members... 130.45 
218.86 
$559 072.41 $559 072.41 
have examined the books and accounts the American Society Civil Engineers, for the year ended 
December 31, 1907, and certify that the foregoing Balance Sheet accordance therewith, and, our opinion, 
states the condition the Society’s affairs, shown the books. 
JANUARY 13, 1908. Chartered Accountants. 
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ANNUAL REPORTS 


[Society 


REPORT THE SECRETARY, FOR THE 


GENTLEMEN have the honor present statement Receipts 
ber 1907. also append general balance sheet showing the 


Balance hand, December 31st, 1906, Bank, Trust 


Company, and hands Treasurer............... 
Certificates 513.41 


$13 316.11 


$98 467.96 


pts 
the 


ANNUAL REPORTS 
YEAR ENDING DECEMBER 1907. 


and Disbursements for the fiscal year the Society, ending Decem- 


condition the affairs the Society. 
Respectfully submitted, 


832.83 
General Printing and Stationery............. 930.59 
Certificates Membership.................. 344.70 
hand December 31st, 1907: 

Union Trust $17 860.54 
Garfield National Bank.................. 388.74 


Secretary. 


$20 749.28 


$111 784.07 
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ANNUAL REPORTS 


REPORT THE TREASURER. 


compliance with the provisions the Constitution, have the 
honor present the following report for the year ending December 


1907: 
Balance hand December 31st, 1906 


Receipts from current sources, January 1st December 


Payment Audited Vouchers for 
Current Business, January 
1st December 31st, 1907... 

Extraordinary Expenses 


count of: 
Decoration House.......... 
Bond and Mortgage.......... 000.00 
Interest Mortgage for last 

Balance hand December 

1907: 
Union Trust Company..... $17 860.54 
Garfield National Bank.... 


$73 974.97 


$17 059.82 


$20 749.28 


Respectfully submitted, 
Jos. Knap, 


New York, January 1908. 


[Society 


$13 316.11 


467.96 


$111 784.07 


Treasurer, Am. Soc. 


ACCESSIONS THE LIBRARY. 
(From December 10th, 1907, January 6th, 1908.) 


DONATIONS.* 
SPECIFICATIONS AND CONTRACTS. 


Series Lectures, Including Examples for Practice Specifi- 
cation and Contract Writing, Together with Notes the Law 
Am. Soe. Cloth, in., 169 pp. New York, The Engi- 
neering News Publishing Company, 1908. $1.00 net. 


The subject-matter this book made two lectures delivered Mr. 
Waddell 1903 and 1905 before classes engineering students, the first being 
“Specifications” and the second These lectures have 
been supplemented data for numerous examples for specification and contract 
writing, for the use students, and notes the law contracts John 
Cassan Wait, Am. Soc. The book is. intended used textbook 
engineering schools, and stated that used the authors and publishers 
believe ‘‘would more than any other textbook combination textbooks 
perfect young engineers the writing technical The Contents are: 
Specifications; Examples for Practice Specification Writing; Engineering Con- 


tracts; Examples for Practice Contract Writing; Notes the Law Contracts. 
There index five pages. 


MATHEMATICAL HANDBOOK. 


Containing the Chief Formulas Algebra, Trigonometry, Cir- 
cular and Hyperbolic Functions, Differential and Integral 
and Analytical Geometry, Together with Mathematical Tables. 


Edwin Seaver. Cloth, in., 279 pp. New York, McGraw 
Publishing Company, 1907. $2.50 net. 


Primarily this book was composed only that part relating Trigonometry, 
which was written the author for use his college classes. The original book 
has been thoroughly revised and greatly enlarged sections Algebra, the Differ- 
ential and Integral Calculus, and Analytical Geometry. subject Hyperbolic 
Functions has been treated very fully, and tables have been added, notably those 
the Hyperbolic Functions, the Natural Logarithms Numbers, and the 
Velocity Falling Bodies. The book intended reference book for engineers, 


demonstrations and intermediate steps having been omitted, the final formulas only 
being given. 


PUMPING ENGINES FOR WATER-WORKS. 


illus., pp. New York, McGraw Publishing Company, 1907. 
$5.00 net. 


stated the author that, this book, his aim has been present types 
and classes with their numerous modifications and variations, order assist 
the engineer the pumping station, the fireman the boiler-room, the water- 
works manager and superintendent, with the pumping engine under the various 
conditions and situations which arise different pumping stations. The subject- 
matter, after introductory chapter and chapter the history the pumping 
engine, deals with comparison the practical approach theoretical lines 
steam expansion and the actual practice construction and operation such ma- 
chinery large scale. The relations between steam and coal consumption are then 
together with the investment value and costs pumping plants, descrip- 
tions being given the various types pumping engines, both old and new. This 
followed details construction, kinds and qualities materials and the prin- 
ciples and practices involved duty tests pumping machinery for water-works 


Unless otherwise specified, books this list have been donated the publisher. 


q 
: 
4 
4 
| d 
4 


— 


ACCESSIONS THE LIBRARY [Society 


service. The Contents are: The Pumping Engine; Historical; Economic Steam 
Duty; The Advent Triple Expansion; The Mariotte Curve; Steam Jackets; Coal 
Duty Pumping Engines; Actual Conditions Pumping; The Worthington Duplex 
Pumping Engine; The Holly Quadruplex Pumping Engine; The Gaskill Pumping 
Engine; The Reynolds Triple Expansion Pumping Engine; Various Types and 
Classes Pumping Engines Adapted Conditions; Installaticn Pumping Engines 
Investment Value Pumping Engines; Suction Lift and Suction Pipes; Water 
Passages and Water Valves; The Water Plungers; Air Chambers; 
Steam Cylinders; Cross Heads; Frames and Bedplates; Material for Pumping 
Engines; Duty Test Pumping Engines. There index eight pages. 


MANUAL FIRE ASSAYING. 


Charles Herman Fulton. Cloth, illus., 178 pp. 
New York and London, Hill Publishing Company, 1907. $2.00. 


The subject fire assaying all its practical and scientific details has been 
closely followed the author this book. intended both for the use 
students technical schools and the assayer his actual daily practice. Assay- 
ing for gold and silver the main subject the book, but the author has devoted 
the last two chapters the assay platinum and tin, mercury, lead, etc. 
Numerous references other books the subject are given the text, which 
will enable any one who desires study the question more fully. The Contents 
are: Assay Furnaces and Tools; Definitions, Reagents, The Assay Reagents; 
Sampling; Weighing, Balances and Weights; Reduction and Oxidation Reactions; 
The Crucible Assay, Assay Slags; Cupellation; Parting; The Assay Ores Con- 
taining Impurities; Special Methods Assay; Errors the Assay for Gold and 
Silver; The Assay Bullion; The Assay Ores and Alloys Containing Platinum, 
Iridium, Gold, Silver, The Assay Tin, Mercury, Lead, Bismuth and Anti- 


mony. There author index references made the text, and general 
index twelve pages. 


RAILWAY SHOP DATE. 


Reference Book Date American Railway Shop Prac- 
tice. Comp. the Editorial Staff the Railway Master Mechanic. 


Cloth, in., illus., 243 pp. Chicago and New York, Crandall Pub- 
lishing Company, 1907. $4.00. 


the compilation this book, the editors had the assistance Advisory 
Committee composed Messrs. Schroyer, the Chicago Northwestern 
R., Barnum the Chicago, Burlington Quincy R., and Smith 
the New York Central Lines. The subject-matter appeared originally 
series articles the Railway Master Mechanic, and stated that the book 
contains the best found present-day railroad shop practice, design, con- 
struction and equipment. After introductory chapter, the question shop lay- 
outs discussed, numerous examples being given. This followed chapters 
locomotive, blacksmith, freight car shops, which the location, building, 
arrangement tracks, etc., for each department are discussed, and comparisons 
the methods followed the various roads are given. the end each chapter 
are grouped the illustrations pertaining that chapter. The Contents are: Intro- 
ductory Layout; Locomotive Shop; Blacksmith Shop; Freight Car Shop; Passenger 
Coach and Paint Shops; Planing Mill: Foundry; Power Plant: Storehouse; Round- 
house. the end the book are given references articles descriptive rail- 
way shops, and there also general index the book itself five pages. 


DEFORMATIONS RAILROAD TRACKS 


And the Means for Remedying Them. Cuénot. Authorized 


illus., 150 pp. New York and Chicago, The Railroad 
London, The Railway Gazette, 1907. $2.00. 


The author, Cuénot, Chief Engineer Bridges and Highways attached the 
Board Control the Paris-Lyons-Mediterranean Co., states the preface 
that, owing the increased speed trains. has become necessary study the 
question track, the forces which subjected and how can made 
stronger and, therefore, safer. The first chapter contains discussion the 
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nature and object the experiments deducted from tests composite cross 
tie (wood and steel) made order the Minister Public Works. This fol- 
lowed chapter the effects longitudinal and transverse movements 
track and the various experiments made French and German engineers 
remedy such movements. The next chapter devoted the proper length ties 
and tamped bed, which account given experiments made with wooden ties 
different lengths, tamped unequally, etc., special track built for the purpose. 
Chapter contains discussion the various causes deformation track, 
such creeping track, pulling out screw spikes, etc., resulting from the 
longitudinal and transverse movements described previous chapter, and 
methods for combatting and remedying such causes are given. Chapters and 
are devoted the causes deformation ties and stress ties the track, 
and results experiments made steel and wooden ties are, given. There 
chapter the study woods for ties and the various preservative processes used 
treating them. Chapter VIII contains discussion methods for remedying 
track deformation, and the last chapter devoted recapitulation and the 
author’s general conclusions. There index. 


THE UTILIZATION WOOD WASTE DISTILLATION. 


General Consideration the Industry Wood Distilling, In- 
cluding Description the Apparatus Used and the Principles In- 
volved, also, Methods Chemical Control and Disposal the Prod- 
Walter Harper. Cloth, illus., 156 pp. St. 
Louis, Journal Commerce Company (St. Louis Lumberman), 1907. 
$3.00. 


stated the title, the author gives descriptions the various processes that 
are used wood distillation, particularly those which relate the treatment 
resinous woods. Long leaf yellow pine Georgia pine the chief wood consid- 
ered, references other kinds wood being few. the chapters apparatus used 
these processes are given descriptions the various patented processes, including 
the French and German patents. The Chapter Headings are: Introduction; Histori- 
cal Connection; Principles Distillation; Apparatus Necessary for Destructive 
Refining Methods; Special Combinations Apparatus Used 
Modern Plants; The Execution the Processes Wood Distillation; Refining Pro- 
cesses; General Consideration for the Establishment Plant; Composition 
Wood and Products Distillation; Yields and Disposals Products; Chemical 
Tests and Combinations; Chemical Control Plant for the Distillation Wood. 
There bibliography references periodical literature the subject the 
end the book, but dates and volume numbers have been omitted. There 
index. 


Gifts have also been received from the following: 


Am. Ry. Assoc. vol. 

Am. Soc. for Testing Materials. vol. 

Am. Soc. Municipal Impvts. vol. 

Ariz. Univ.-Agri. Exper. Station. pam. 

Blakeley, bound vol. 

Brit. Fire Prevention Comm. bound 
vol. 

Chemisches Laboratorium fiir Tonindus- 
trie und Tonindustrie-Zeitung. 
bound vol., vol. 


Comm. Locomotive and Carriage 
Supts. bound vol. 
Cornell Univ. vol. 


Croes (J. R.), Estate. bound vol., 
716 pam., specif., maps. 

Eng. News Publishing Co. bound vol., 
pam. 

Indiana Midland Ry. Co., Limited. 


pam. 
Indiana-State Board Health. bound 


vol. 

Institution Civ. Engrs. bound vol. 

Eng. Soc. pam. 

Lake Mohonk Conference Friends 
the Indian and Other Dependent 
Peoples. pam. 


Lake Superior Canal 
Celebration Comm. 1905. 
bound vol. 

Madras Presidency-Public Works Dept. 
pam. 

Mass. Inst. Tech. vol. 

Merchants Assoc. New York. pam. 

Mich.-Dept. State. bound vol. 

Moberly, Frank. bound vol. 

Municipal Engrs. the City New 
York. bound vol. 

National Tube Co. pam. 

New York City-Art Comm. pam. 

New York-State Commr. Excise. 
bound vol. 

New York Edison Co. bound vol. 

New York Public Library. pam. 

Paschke, Theodore. pam. 

Payson Publishing Co. bound vol. 

Philadelphia, Pa.-Mayor. bound vol. 

Scuola Applicazione per 
neri Roma. pam. 

Richardson, Clifford. pam. 

Rust Boiler Co. pam. 

Syracuse, Y., Chamber Commerce. 
pam. 
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ACCESSIONS THE LIBRARY [Society 


Soc. Engrs. Dartmouth Library and Naval War Records 


Underwriters’ National Elec. Assoc. War Dept. pam. 


pam. Weather Bureau. bound vol., 
Union Pacific Co. pam. 


pam. 
Union Univ. vol. Western General. 
Forest Service. pam. 


pam. 

Interstate Commerce Comm. Western Australia-Commr. Railways. 
pam. pam. 

Lake Survey Office. pam. 


PURCHASE, 


Digest the Evidence given before the Royal Commission Coal 
Supplies (1901-1905). Reprinted from the Guardian, after 
Thin Seams; Limit Depth Mining; Waste Working 
Coal-cutting Machinery. Vol. Economies Preparing 
Coal; Economies Transport; Economies Use. Vol. III: 
The Export Coal Trade The Coal Tax. 


The World Almanac and Encyclopedia, 1908. New York. Issued 
the Press Publishing Co., New York World. 


Recueil Types Ponts Pour Routes Ciment Arme Calculés 
Tédesco, avec collaboration Victor Forestier. Vol. 


SUMMARY ACCESSIONS. 
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ADDITIONS. 


(December 11th, 1907, January 7th, 1908.) 


MEMBERS. 


Conway, GRAHAM. Chf. Engr., Monterey 
Waterworks Sewer Co., Ltd., and Monterey Ry., 
Light and Power Co., Ltd., Apartado 291, Monterey, 
CRECELIUS, SAMUEL Engr. Office, Louisville, 


CaRLILE, THOMAS JENKS. Prin. Asst. Engr., 


GoopWIN, JAMES Res. Engr. Constr., 
Ferry Power Co., McCall Ferry, Pa................ 
Lecturer Civ. Eng., Melbourne Univ., 
SHUMAN, Dist. Engr., Second Eng. Dist., 
Vigan, Philippine 
SouTHER, Henry. Cons. Engr., Hartford, Conn........... 
TERRELL, WILLIFORD Harry. Cons., Civ. and 


ASSOCIATE MEMBERS. 


CHARLES. Hydrographic Engr., Arrowhead 
Reservoir Power Co., San Bernardino, Cal....... 
FREDERICK. Chf. Draftsman, Geo. 
Hardy, 309 Broadway, New York City.............. 

Assoc. 
JoHNSON, Asst. Supt. Constr., McClin- 
tic-Marshall Constr. Co., South Mechanic St., 
CHARLES With Peabody Stearns, 
Archts., Room 919, Exchange Bldg., Boston, Mass.... 
Care, Obras Publicas, Camagiiey, 
Maurice So. Hadley Falls, Mass......... 

CHARLES ANDREW. Barge Canal Office, Lyons, Y.. 
RICHMOND, JULIAN WILLIAM. 


Hoyt, Henry Madison, Me........... 


Jun. 


Engr., Board Water Supply, 299 
Broadway, New York City (Res., Dun- 
woodie Heights, Yonkers, Y.)....... 


Date 
Membership. 

Mar. 1896 
Mar. 1901 
Dec 1907 
1907 
Dec. 1907 
Dec. 1907 
1907 
1907 
Oct. 1907 
1907 
Nov. 1905 
Dec 1907 
Nov. 1907 
1907 
Oct. 1903 
Dee 1907 
Oct. 1907 
Dee 1907 
Dec 1907 
1907 
Dec. 1907 
Oct. 1907 
Feb. 1904 
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ASSOCIATE MEMBERS (Continued). 


Ness, Howarp Epwarp. Asst. Engr., Co. 
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Dat 


Van SAMUEL City Engr., Pasadena, Cal.. 1907 
Beaumont. Care, Geo. Hardy, 309 

JUNIORS. 
BLAMPHIN, ARTHUR MERRICK NEWBERRY. Asst. City Engr., 

Room 19, City Hall, New Orleans, La............... Dec. 1907 
BUDELL, ALFRED Liberty St., New York City... Oct. 1907 
BUSHELL, ARTHUR WILLIAM. Bureau Lands, Manila, 

DEAN. 315 New Engineering Bldg., Ann 

Survey, 411 Temple Court, Atlanta, Ga............. Nov. 1907 
JACOBOSKY, GILBERT GARFIELD. 116 Second National Bank 

HARRY FRANKLIN. Assoc. Editor, Concrete-Engi- 

neering, 1600 Arch St., Philadelphia, Pa........... Nov. 1907 
Srrone, Davis. 318 Spruce St., Sault Ste. 

RESIGNATIONS. 
ASSOCIATE MEMBERS. 
CHARLES Dec. 31, 1907 
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Affairs. MEMBERSHIP—RESIGN ATIONS—DEATHS 
ASSOCIATE. Date 
Resignation. 
JUNIORS 
DEATHS. 


BERRIAN, RICHARD Elected Member, May 4th, 1887; died Decem- 
ber 23d, 1907. 

BRECKINRIDGE, CABELL. Elected Member, June Ist, 1881; died November 
13th, 1907. 

WILFRED Elected Member, March 4th, 1891; died Decem- 
ber 19th, 1907. 

JoHN Elected Member, April 5th, 1876; date death 
unknown. 

Henry Elected Member, January 2d, 1890; date 
death unknown. 

Elected Member, April 2d, 1884; died December, 1907. 

Elected Member, December 4th, 1867; Honorary 
Member, December 20th, 1899; died December 13th, 1907. 

SELLERS, COLEMAN. Elected Member, May 3d, 1876; died December 
1907. 
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CURRENT ENGINEERING LITERATURE 


[Society 


MONTHLY LIST RECENT ENGINEERING ARTICLES 
INTEREST. 


(December 10th, 1907, January 6th, 1908.) 


list published for the purpose placing before the 
members the Society, the titles current engineering articles, 
which can referred any available engineering library, can 


procured addressing the publication directly, the address and price 
being given wherever possible. 


LIST PUBLICATIONS. 


the subjoined list articles, references are given the number 


prefixed each journal this list: 


(1) 
(2) 


(3) 
(4) 
(5) 
(6) 


(7) 
(8) 
(9) 
(10) 
(11) 
(12) 


(13) 
(14) 
(15) 
(16) 
(17) 
(18) 
(19) 


(20) 
(21) 


(22) 
(23) 
(24) 
(25 


American 


Journal, Assoc. Eng. 
Milk St., Boston, Mass., 30c. 

Proceedings, Engrs. Club 
Phila., 1122 Girard St., Phila- 
delphia, Pa. 

Journal, Franklin Inst., Philadel- 
phia, Pa., 50c. 

Journal, Western Soc. Engrs., 
Monadnock Chicago, 
Transactions, Can. Soc. 
Montreal, Que., Canada. 
School Mines Quarterly, Co- 
Univ., New York City, 


Technology Quarterly, 


Mass. Inst. 

Tech., Boston, Mass., 75c. 

Stevens Institute Indicator, Stevens 
Inst., Hoboken, J., 

Engineering Magazine, New York 
City, 25c. 

Magazine, New York City, 

Engineering (London), 
Wiley, New York City, 25c. 

The Engineer 
national News Co., New York 
City, 35c. 

News, New York City, 

The Engineering Record, New York 
City, 12c. 

Gazette, New York City, 

Engineering and Mining Journal, 
New York City, 15c. 

Street Railway Journal, New York 
City, 10c. 

Railway and Engineering Review, 
Chicago, 

Scientific 
New York City, 10c. 

Iron Age, New York City, 10c. 

Railway Engineer, London, 
land, 25c. 

Iron and Coal Trades Review, Lon- 
don, England, 25c. 

Bulletin, American Iron and Steel 
Assoc., Philadelphia, Pa. 
American Gas Light Journal, 
York City, 10c. 
Engineer, 


Supplement, 


Eng- 


New 


New York 
City, 20c. 


(26) 
(27) 
(28) 
(29) 
(30) 
(31) 
(32) 
(33) 
(34) 
(35) 
(37) 
(38) 
(40) 
(41) 
(42) 
(43) 
(44) 


(45) 
(46) 
(47) 
(48) 
(49) 
(50) 
(51) 
(52) 


Review, London, 


World, New York City, 

Journal, New England 
Works Assoc., Boston, Mass., $1. 

Journal, Society Arts, London, 
England, 15c. 

Annales des Travaux Publics 
belgique, Brussels, Belgium. 

Annales VAssoc. des Ing. Sortis 
des Ecoles Spéciales Gand, 
Brussels, Belgium. 

Mémoires Compte Rendu des 
Soc. Ing. Civ. 
France, Paris, France. 

Génie Civil, Paris, France. 

Portefeuille Economiques des Ma- 
chines, Paris, France. 

Nouvelles Annales Construc- 
tion, Paris, France. 

Revue Mécanique, Paris, France. 

Revue Générale des Chemins 


Eng- 


Fer des Tramways, Paris, 
France. 
Railway Age, Chicago, 
Machinery, Chicago, 
Proceedings, Am. Inst. Elec. 
Engrs., New York City, 50c. 
Annales des Ponts Chaussées, 


Paris, France. 

Journal, Military Service Institu- 
tion, Governor’s Island, New 
York Harbor, 50c. 

and Minerals, Scranton, Pa., 

American, New York City, 


Mechanical Engineer, 
England. 

Zeitschrift, Verein Deutscher In- 
genieure, Berlin, Germany. 

Zeitschrift fiir Bauwesen, Berlin, 
Germany. 

Stahl und Eisen, Diisseldorf, Ger- 
many 


Manchester, 


Bauzeitung, Berlin, Ger- 
many. 

Rigasche Industrie-Zeitung, 
Russia. 


Riga, 
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(53) 


(54) 
(55) 


(64) 
(65) 


(66) 


Bridge. 


Zeitschrift, 
genieur und Architekten Verein, 
Vienna, Austria. 

Transactions, Am. Soc. E., New 
York City, $5. 

Transactions, Am. Soc. E., New 


upon-Tyne, England. 


London, England. 
Power, New York City, 20c. 
Official Proceedings, New York 
Club, Brooklyn, Y., 
Journal Gas Lighting, London, 
England, 15c. 
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(70) 
(71) 
(72) 


LIST ARTICLES. 


New 


Engineering Review, York 
City, 10c. 

Journal, Iron and Steel Inst., Lon- 
don, England. 

Electric Railway Review, Chicago, 


York City, $10. (73) Electrician, London, England, 18c. 
(56) Transactions, Am. Inst. Min. (74) Transactions, Inst. Min. and 
Engrs., New York City, $5. Metal., London, England. 
(57) Colliery Guardian, London, Eng- (75) Proceedings, Inst. Mech. Engrs., 
land 


London, England. 


58) (76) Brick, Chicago, 10c. 
(59) Transactions, Mining Inst. Scot- 
(78) Beton und Vienna, Austria. 
land, London and (79) Forscherarbeiten, Vienna, Austria. 


(60) Municipal Engineering, Indian- 
apolis, Ind., 25c. (81) Zeitschrift fiir Architektur und In- 
(61) Proceedinas, Western Railway genieurwesen, Ger- 
Dearborn St., Chicago, many. 
Polytechnisches Journal, 


Ciment, Paris, France. 

Proceedings, Am. Ry. Eng. and 

Chicago, 


Roadmaster and Foreman, Chicago, 


(67) Cement News, (88) the International Ry. 
Chicago, 25c. Congress Assoc., Brussels, Bel- 
(68) Mining Journal, London, England. gium. 


1906.* William Charles Copperthwaite, Inst. (63) 


Pontoon-Bridges for Road-Traffic over Rivers the Darbhangah District, Bengal.* 
Edward Golding Barton, Inst. (63) Vol. 169. 
Reinforced-Concrete Viaduct the Richmond and Chesapeake Bay Railway, Rich- 


mond. Va.* (13) Dec. 12. 
Working-Stresses Steel Construction.* Turner, Am. Soc. (13) 
(15) 18. 


Dec. 12. 

Weaver’s Rail Lock for Drawbridges.* 

The Erection the Anchor Arms the Blackwell’s Island Bridge.* (14) Dec. 21. 

Series Failure Tests Full-Size Compression Members, made for the Pennsyl- 
vania Lines West Pittsburg.* Buchanan. (13) Dec. 26. 

Protecting Steel Bridges against Brine from Refrigerator Cars.* (Report Comm. 
Assoc. Supts. Bridges and Buildings.) (15) Dec. 27. 


The Engineering Features the Proposed Henry Hudson Memorial Bridge. 
(Report Chief Engr., Dept. Bridges, New York City.) (14) 
Dec. 28. 

the Manhattan Approach the Blackwell’s Island Bridge.* 

ec. 

Method and Cost Constructing 70-ft. Reinforced Concrete Arch Bridge.* 
Howard Ford. (Abstract from University Colorado Journal Engineer- 
ing.) (86) Jan. 


Temporary Jackknife Drawbridge over Bronx River the New York, New Haven 

Pont Tournant deux Etages sur Port Hambourg (Allemagne). (35) Dec. 

Métropolitaine No. Sud.* Biette. (33) Dec. 

Ueber Weitgespannte Fr. Engesser. (81) Vol. 1907. 

Die Bauausfiihrung der Wien.* Brenner. (53) Dec. 20. 


Electrical. 


Munaar Power Scheme.* Richard Fenwick Thorp, Inst. 
63) Vol. 
The Overhead Electric Transmission-Lines.* 


Alexander PeJham 
Trotter, Inst. (63) Vol. 169. 


Power Transmission Electricity and Shafting.* Straight. 
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Electrical—(Continued). 


New Form Cooper Hewitt Mercury Vapor Lamp.* von Keller. (3) Dec. 
Method Testing Direct-Current Dynamos.* Lincoln. (64) Dec. 
The Arc between Metallic Electrodes.* Cady and Arnold. 
(Abstract from the Amer. Journal Science.) (73) Serial beginning Dec. 
The Theory Alternate Current Transmission Cables.* Dec. 
Improvements the Wright Mercury Electrolytic Meter.* Stafford 
eld. 


(73) beginning Dec. 
The (73) Dec. 


Electric for Railway Workshops the Argentine Republic.* (73) 
Dec. 13; (26) Serial beginning Dec. 20. 
Electric Steam Driving. Robert Worth. (Abstract paper read before the 

Cleveland Inst. Engrs.) (22) Dec. 13. 
The Senlecq Apparatus for Electrical Vision.* (19) Dec. 14. 
The Design and Operation Spark Coils.* Springer. (27) Dec. 14. 
Treatment Poles the Open-Tank Process. Rockwell. (27) 


The Hydro-Electric Power Development the Province Ontario. (13) 


Cost Steam-Driven Electric Power Plants. Frank Koester. (13) 
ec. 

The Poulsen Wireless Telegraph Station Cullercoats.* (73) Dec. 20. 

Recent Progress Flame Arc Lamps.* Blondel. (Abstract from Bulletin 
Soc. Int. des Elec.) (73) 20. 

The Influence the Rated Speed and Output the Design Continuous-Current 
Generators.* Hobart. (26) Serial beginning Dec. 

Single-Phase Induction Motor Diagrams.* (47) Dec. 21. 

Wireless Communications over Sea. Erskine Murray. (Abstract paper read 
before the Inst. Engrs. and Shipbuilders Scotland.) (47) Dec. 21. 
Hydro-Electric Transmission Plant the Rockingham Power Company.* 

Viehe. (27) Dec. 21. 
Directive System Wireless Telegraphy.* Bellini and Tosi. (27) Dec. 21. 
Rules Issued the Verband Deutscher Elektrotechniker for Overhead Wires, Cables 
and Electric Wiring. (73) 27. 
Magnetic Oscillators Radiators Wireless Telegraphy.* Fleming. 
(Paper read before the Physical Society.) (73) Serial beginning Dec. 27. 
The Series Luminous-Arc Rectifier System.* Lansdell Howard. (26) Dec. 27. 
Electric Power Plants Upper Missouri River.* Floyd Bushnell. (16) Dec. 28. 
Southern Water Power Developments.* (27) Dec. 28. 
Notes the Parallel Operation Alternators.* Waldo Lyon. (27) Dec. 28. 
Composite Telegraph and Telephone System for Interurban Railways.* (27) 


Dec. 28. 
Vertical Shaft Rotary Converter Chicago.* (27) Dec. 28. 
Lampe Arc Charbons Carbo-Minéraux.* Guérin. (33) 
ec. 


Der Ausbau des Salt Lake City, U.* Mensch. (78) Dec. 
Marine. 


The Effect Work and Time the Properties Mild Steel and Iron. John 
Heck. (Abstract paper read before the North-East Coast Inst. Engrs. 
and Shipbuilders.) (22) Dec. (47) Dec. 

The Development Torpedo Craft.* Archibald Hurd. (10) Jan. 

Stapellaufstudie.* Schoeneich. (48) Dec. 14. 


Mechanical. 


Modern Motor-Vehicles.* Rookes Evelyn Bell Crompton. (63) Vol. 169. 

The Analysis Flue and Exhaust Gases.* Arnold Henry Gibson, Assoc. Inst. 
(63) Vol. 169. 

the Limits Thermal Efficiency Internal-Combustion Motors.* Dugald Clerk, 
Inst. (63) Vol. 169. 

Testing Clays.* Richardson. 1906. 

the Control Combustion and Atmospheric Conditions Kilns with Inclined- 
Bar Furnaces.* Hull. (76) Jan., 1907. 

The Use Heat for Drying and Burning. (Brick.) Wm. Baillie. (76) 
Jan., 1907. 

Comparative Cost Construction, Maintenance and Operation Continuous and 
Down-Draft Kilns. Jno. Millar. (Paper read before the Canadian Clay 
Products Mfrs.) (76) Jan., 1907. 

The Barber Asphalt Paving Co.’s New Brick Plant, Des Moines, Ia.* (76) Feb. 

Methods and Estimates Cost Handling Clay and Clay Materials.* Jos. 
Moore and Straight. (76) Mar. 

The Silo Method Manufacturing Sand-Lime Brick. James Hobart. (Paper 
read before the National Assoc. Mfrs. Sand-Lime Products.) (76) Apr. 

Can Slag Used Advantage Making Brick? Robert Wentz. (Paper read 
before the National Assoc. Mfrs. Sand-Lime Products.) (76) May. 

Comparative Economies Down-Draft and Continuous Kilns. 


Fairchild. 
(Paper read before the Iowa Brick and Tile Assoc.) (76) June. 
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CURRENT ENGINEERING LITERATURE 


Mechanical—(Continued). 


Conclusions Drawn Best Methods Handling Clays under Various Conditions. 
Straight. (76) June. 


The Brick.* Leduc. (From Revue des Construc- 
tion Travaux Publics.) (76) June. 

Grinding and the Grinder. (Sand-Lime Brick.) Fuller. (Paper read before 
the National Assoc. Mfrs. Sand-Lime Products.) (76) June. 

Producer Gas Possible Factor Clayworking Operations? Smith. 
(Paper read before the Iowa Brick and Tile Assoc.) (76) June. 

The Pottery Oven the Future.* Murray. (76) Serial beginning Aug. 

Brick Presses. Young. (Paper read before the National Assoc. Mfrs. 
Sand-Lime Products.) (76) Aug. 

Comparison the Old and New Method Burning Clay Products Direct Firing.* 
Chas. Hays. (76) Sept. 

Brickmaking Scandinavian Countries.* Chr. Fr. Leger. (76) Sept. 

Ball and Roller Bearings Practical Operation.* Samuel Eveland. (2) Oct. 

The Indiana Drain Tile Co., Brooklyn, Ind.* (76) Nov. 

Application the Entropy Diagram.* Sydney Reeve. (64) Dec. 

Salient Principles Roller Bearings.* Springer. (64) Dec. 

The Hamilton-Holzwarth Turbine.* (64) Dec. 

The Modern Methods Melting and Handling Metal.* Quig- 
ey. ec. 

Railway Cycle.* Honemann. (From Organ fiir die Fortschritte des Eisenbahn- 
wesens.) (88) Dec. 

The Construction and Operation Terra-Cotta Plant. Wm. Stephani. (Paper 
read before the Amer. Ceramic Soc.) (76) Dec. 

Two Works the Liverpool Gas Company.* (66) Dec. 

Determination Benzene Gas. Morton. (From the Journal the Amer. 
Chem. Soc.) (66) Dec. 

Coal Shipping Durban, Port Natal.* (22) Dec. 

Comparison between Inverted and Upturned Gas-Lights.* Kriiss. (From 
Journal fiir Gasbeleuchtung.) (66) Dec. 10. 
Pumps; Their Construction and Use. (Tar and liquor pumps.) Whitehead. 
(Paper read before the Scottish Junior Gas Assoc.) (66) Dec. 10. 
Method and Cost Loading Dump Wagons from Ingeniously Designed Hopper 
Table.* Black. (86) Dec. 11. 

The Koppers Coke Oven.* (20) Dec. 12. 

Band Brakes.* Leston. (Paper read before the National Assoc. Colliery 
Mers.) (22) Dec. 

Rifled Pipe Line for Conveying Oil the Southern Pacific.* (40) Dec. 13. 

The Practical Proportioning the Reaction Steam-Turbine. (11) Dec. 13. 

Plant the Brooklyn Institute Building.* (14) Serial beginning 


ec. 14. 

Coal Mining and Coke Making the Trinidad, Colorado, District.* (14) 14. 

Company’s Storage Yard and Transfer Plant.* Abbott. 
(62) Dec. 

Practical Aspect Cyanogen Extraction.* Charles Edmonds. (Paper read 
before the Midland Jun. Gas Eng. Assoc.) (66) Dec. 17. 

Cost Conducting Steam-Driven Electric Power Plants. Frank Koester. (13) 
Dec. 19. 

Gas Power Plant Engineering Works.* (12) Dec. 20. 

Dr. Ostwald’s Process for the Production Nitric Acid and Nitrate Ammonia 
from Ammoniacal Liquor, Applied the Gas and Coke-Oven Industries.* 
Marshall. (22) Dec. 20. 

The Stone Crushing Plant the Menard, Penitentiary.* (14) Dec. 21. 

The Design Power Plant Chimneys.* Frank Kingsley. (14) Dec. 21. 

Report the Committee Methods Taking Candle Power Gas. (Report 
the Amer. Gas Inst.) (24) Dec. 23; (83) Jan. 

The Marmac Coke Drawing and Loading Machine.* (20) Dec. 26. 

Mechanical Points Connection with Steam Turbines. (12) Dec. 27. 

Callendar and Dalby. (Paper read before the Royal Soc.) (11) Dec. 27. 

The Coal-Handling Apparatus Large Coke Oven Plant.* (14) Dec. 28. 

The Fish Freezing and Storage Plant the Consolidated Weir Co., Provincetown.* 
Howard Knowlton. (14) Dec. 28. 

The Explosion Gases. John Batey. (10) Jan. 

Recent British Machine Tools.* (10) Serial beginning Jan. 

The Use Water and Steam Internal Combustion Engines. Henry Henderson. 
(10) Jan. 

The Practical Significance the Carnot Cycle. Joseph Hart. (10) Jan. 

New Recorder.* Mailloux. (42) Jan. 

Cooling-Tower Practice.* Jos. Hart. (9) 

Exhaust Steam Turbine Plant.* Henry Wait. (42) Jan. 

The Grey Structural Mill South Bethlehem, some Important Improvements upon 
its German Prototype.* (20) Jan. 

The Goulds Company’s New Foundry, Extensive Plant for the 
Production Pump Castings.* (20) Jan. 
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Specifications for Flying Machine. (13) Jan. 

Gigantic Planer.* (18) Jan. 

des Matiéres Epurantes dans les Usines Gaz.* Payet. (32) 
pt. 

Les Moteurs Légers avec Refroidissement par Circulation les 

J.- Ambroise Farcot. (32) Sept. 

des Plus Fines Moutures des Agglomérants Hydrauliques.* 
ary. 

Note sur les Frappeurs Pneumatiques.* Baril. (37) Nov. 30. 


sur des Grands Moteurs Gaz Allemagne. R.-E. Mathot. (37) 
ov. 


Quelques Indicateurs Vitesse.* (37) Nov. 30. 

Elévateurs-Basculeurs pour Wagons.* (33) 

Méthodes Détermination Liquide Mécaniquement Entrainée par 
Vapeur des Chaudiéres. Georges Rosset. (33) Dec. 21. 

Der der Frage der Rissbildung Kesselblechern. Baumann. 

ec. 14. 

Neuzeitliche Portlandzementwerke Schweden und Moye. (80) 
Serial beginning Dec. 21. 

Der des Gegendruckes und der Zwischendampfentnahme auf den Dampfver- 


von Kolbendampfmaschinen. Chr. Eberle. (48) Serial beginning 
ec. 21. 


Metallurgical. 


Further Study Segregation Ingots.* Henry Howe. (16) 


The Electro-Thermic Production Iron and Steel.* Joseph Richards. (3) 
Serial beginning Dec. 


The Choice and Use Fluxes for Soft Metals. (47) Dec. 

The Elmore Vacuum Process Dolcoath.* Edward Walker. (16) Dec. 14. 

The Theory High Speed Tool Steel. George Auchy. (20) Dec. 26. 

The Six-Thousand Ton Concentrator the Utah Copper Co.* Herrick. (45) 


Engineering Features the Southwest Smelting and Refining Works, 
tion, Mex.* (14) Jan. 


Jarilla Junc- 


Military. 


Modern French Field-Guns.* (11) Dec. 
The the Manufacture Armour Plates.* Warr. (26) 
ec. 27. 

Can the Accuracy Life the Thirty-Caliber Model 1903 Rifle Prolonged 
Change Form Rifling and the Use Bullet Different Composition? 
Lieut.-Colonel Wm. Spicer. (44) Jan. 

Fortification Permanente; Organisation Site 


Gaston 
Blaise. (65) Nov. 


Mining. 


Methods Stoping Cripple Creek.* Wolcott. (16) Nov. 30. 

Electrically-Operated Pumping Plants.* Kolkin. (26) Dec. 

The Dangers Fulminating Caps for Lighting Safety Lamps. Chesneau. (From 
Annales des Mines.) (57) Dec. 

Modern Quarry Plant.* (12) Dec. 13. 

A-B-C Steam Percussion Drill Practice.* John Power Hutchins. (16) Dec. 14. 

Mining Sheet Ground the Joplin Doss Brittain. (16) Dec. 14. 

Ground with the Keystone John Power Hutchins. (16) 

ec. 21. 

Electric Hoisting Grangesberg, Sweden.* Van Brussell. (16) Dec. 21. 

Mining Anthracite Coal the Wyoming Valley.* Hachita. (16) Dec. 21. 

Notes Churn Drill Placer Prospecting.* John Power Hutchins. (16) Dec. 28. 

The Anthracite Mines Alden, Penn.* (16) Dec. 28. 

Electric Power Coal Mining.* (10) Jan. 

Breathing Apparatus Mines.* (45) Jan. 

Diamond Mining South Africa.* Wm. Taylor. (45) Jan. 

Monongah Mine Stoek. (45) Jan. 

Successful Safety-Catches; Report the Transvaal Commission.* (45) Jan. 

Method Drilling and Mucking Rock Tunnel and Comparison the Tun- 

The Homestake Mine Fire: Unusual Methods Employed Fighting it, 


that Taught.* Bruce Yates, Assoc. Am. Soc. 
an. 
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Miscellaneous. 


The Illumination Horizontal Plenes.* Alfred Wohlauer. (27) 

ec. 21. 

Cost Records, Estimates and Public Contracts: George Warren. (86) Dec. 25. 

Methods and Cost Clearing and Grubbing Land. (86) Dec. 25. 

Electrical Engineering Education. Charles Steinmetz. (42) Jan. 

The Best Engineering Education; Introduction Digest the Papers 
Engineering Education the Transactions the American Institute 


trical Engineers, with View Renewed Discussion the Points Contained 
Therein. Chas. Scott. (42) Jan. 


Cost Digging Holes and Planting Trees and Shrubs. (86) Jan. 


Practical Suggestions Computing. Russell Tracy Crawford. (Abstract from 
California Journal Technology.) (86) Jan. 


Municipal. 


Rutger Green. (Paper read before the Detroit Eng. Soc.) 

Cost Production Common and Paving Brick Carnegie, Pa.* Fickes. 
(Paper read before the Amer. Ceramic Soc.) (76) Oct. 

Cost Brickwork. (From Browning’s Industrial Magazine.) (76) Oct. 

Cost Laying Pavement Foundation using Machine Mixer. (86) 

ec. 11. 

Data the Cost Road Treatment the Metropolitan Park Commission 
Massachusets during 1907. John Rablin. (Paper read before the Mass. 
Highway Comm.) (86) Dec. 18. 

Tunnel under the Thames River London, England.* (13) 

ec. 19. 

Gutter Plow, Snow and Ice Cleaner and Road Machine Combined.* (86) Dec. 25. 

Test Woods for Street Paving.* Andrew Rinker. (Abstract Report the 
City Engr. Minneapolis.) (60) Jan. 

The Municipal Asphalt Pavement Repair Plant New Orleans.* (13) Jan. 

Moyens Combattre Poussiére Long des Chaussées Empierrées; Rapport 
Mission.* Froidure. (30) Dec. 


Railroad. 


Burnt Clay Ballast (Gumbo). (Abstract from Report the Missouri Bureau 
Geology and Mines.) (76) Nov. 

The Value and Distribution Railway Fuel Cost.* Craw- 
ord. 

Railway Cycle.* (From Organ fiir die Fortschritte des 
wesens.) (88) Dec. 

Curtis Turbines Railway Service.* August Kruesi. (Abstract paper read 
before the Amer. St. Ry. Assoc.) (64) Dec. 

3rd Class Corridor Carriage, East Coast Joint Stock.* (21) Dec. 

Pneumatically Operated Route Indication Signal.* (From Mechanical Railway Sig- 
nalling.) (21) 

Automatic Brake Trials the Austrian Imperial State Railways.* (21) 


ec. 
Bleynie-Ducousso Signalling and Interlocking.* (21) Dec. 
Continuous Brakes and Good Trains.* Huberti and Doyen. (88) Dec. 
Electric Working Standard-Gauge Lines with Steep Gradients.* 
(From Annalen fiir Gewerbe und Bauwesen.) 


Methods and Cost Transmission Line Construction for Interurban Electric Rail- 
ways. Roberts and Gillette. (Abstract from Traction 
Weekly.) (86) 11. 

Method Mixing and Placing Concrete for Tunnel Lining.* (86) Dec. 11. 

Investigation Steam Railroad Electrification, with Particular Reference the 
Suburban Lines Melbourne, Victoria.* Thomas Tait. (15) Dec. 13. 

Double Tracking through Eagle River Canyon the Denver Rio Grande.* (15) 
Dec. 

The Smoke Consuming Question Years Ago.* (15) Dec. 13. 

Ten-Wheel Freight Locomotive for the Chicago Northwestern.* (40) Dec. 13. 

Test Vauclain Superheater the Rock Island.* (40) Dec. 13. 

Locomotive for the Railway.* 13. 

The Blectrification the Swedish State Railways. Robert Dahlander. (Abstract 
Report the Chief the Dept., Swedish State Rys.) (11) 
Dec. 13. 

The Atlantic Shore Line. ec. 

Prussian Railroad Tests; the Oranienburg Track.* William Mayner. (19) Dec. 14. 


4 
Overrunning Signals. Scholkmann. (From des Vereins. Dec. 
Tender for Passenger Locomotive for North-British Railway.* (11) Dec. 
Single-Phase versus Continuous-Current Motors for Inter-Urban Railway Service.* 


CURRENT ENGINEERING LITERATURE 


Railroad—(Continued). 
The Shops for the New York Central Electric Zone.* (72) Dec. 14; (40) 


Electric Repair Shops the New York Central North White Plains, Y.* 
(18) Dec. 14. 


Hoist and Car Plant for Mixing and Placing Concrete for 30-Span Arch Viaduct. 
(86) Dec. 


Steam Motor Cars the Intercolonial Ry., Canada.* (13) Dec. 19. 


The Bounevialle System Electric Signalling Locomotives.* (73) Dec. 20. 
The Cleveland Short Line Railway.* (40) Dec. 20. 


The New Locomotive Terminal the Chicago Junction.* (15) Dec. 
Shunting Tender Locomotive.* (Burden Iron Co.) (11) 20; (40) 


Their Mechanical Treatment, Past and Present. Fiero. (15) 


Areas Contact between Wheels and Rails.* Geo. Fowler. (From Report 
made the Schoen Steel Wheel Co.) (15) Dec. 


British Signal Methods. Rayner Wilson. (18) Dec. 21. 
Windsor, Essex Lake Shore Rapid Railway.* (72) Dec. 21. 
The Puy Dome Adhesion Railway.* (12) Dec. 27. 


Vandalia Track Elevation and Improvement Work Indianapolis. (15) Dec. 27. 
Brembana Valley Single-Phase Railway.* (73) Dec. 27. 


Co-efficients Friction between Wheels and Rails.* Geo. Fowler. (From 
Report made the Schoen Wheel Co.) (15) Dec. 27. 

The Bush Terminal Company.* (15) Dec. 27. 

The Easton Washington Traction Company.* (17) Dec. 28. 

Roadbed and Terminal Improvements, Baltimore Ohio R.* (18) Dec. 

The Interpole Railway Motor, Graphic Explanation.* 


ec. 

New Locomotives for the Illinois Traction System.* Dec. 28. 

Practical Aspects Steam Electrification. Smith. (42) Jan. 

Single-Phase Railway Motor.* ‘F. Alexanderson. (42) 


Jan. 

The New Haven System Distribution with Special Reference Sec- 
tionalization.* Murray. (42) Jan. 

Cars, Pittsburgh Lake Erie Railroad, McKees Rocks, 

Walschaert Valve Gear, Canadian Pacific Railway.* (25) Jan. 
Switching Locomotives for Classification Yards, Cleveland, Cincinnati, Chicago 
St. Louis Railroad. (25) Jan. 

Cincinnati, New Orleans Texas Pacific Railway.* 
Jan 

Simple Prairie Type Locomotives, Wabash Railroad.* (25) 

The Detroit River Tunnel.* James Mills. (10) Jan. 

The Third-Rail Problem. Williams, (9) Jan. 

Railway Progress the Dark Continent.* Hartley Knight. (9) Jan. 

Coes. 

Comparative Physical Tests Car Wheels and Tires.* Geo. Fowler. (From 
Report made the Schoen Steel Wheel Co.) (15) Jan. 

Shay Locomotive for the Southern Railway.* (40) Jan. 

Large Electric Locomotives for Heavy Service.* Bela Valatin. (17) 


Jan. 


an. 
The Draft Gear. Stucki. (Abstract paper read before the Pittsburg 
Club.) (18) Jan. 
The Pennsylvania Railroad Improvements Blairsville, Pa.* Philips and 
Gwilliam. (14) Jan. 


Travaux Réparation Tunnels.* (38) Nov. 


Essais d’une Locomotive-Tender Allemande Essieux Couplés Surchauffeur 
Schmidt.* (38) Nov. 


Elévateurs-Basculeurs pour Wagons.* (33) Nov. 30. 

Note sur Constitution Voie aux Ch. Jullien. (38) Dec. 
Barriére Passage Niveau.* Herzog. (33) Dec. 21. 

Eine neue Theorie des Erddrucks. Otto Mohr. (81) 1907. 


Railroad, Street. 


Shop Prints the Public Service Corporation New Jersey.* (17) 

T-Rails for Paved Streets.* (17) Dec. 14. 

Car with Side Rods Pittsburg.* (17) Dec. 14. 

The New Fourteenth Street Concrete Storage Car House the Capital Traction 
Company, Washington.* (17) Dec. 

Some Costs Electric Railway Companies Street Cleaning and Oiling and Sprink- 
ling Roadbed. Wilson. (Abstract from paper read before the Amer. St. and 
Interurban Ry. Eng. Assoc.) (86) Dec. 

Braking Tests Leeds, England.* (17) Jan. 

Note sur Réglementation des Chemins Fer d’Intérét Local des Tramways 
sur Rédaction leurs Cahier des Charges. Doniol. (38) Dec. 


Dec. 14. 
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Sanitary. 


Farm Drainage. Marston. (76) 
Bright. (Paper read before the Wisconsin Clayworkers Assoc.) 


The Cause, Treatment and Prevention the Observed Caisson Dis- 


(Paper read before the Civ. Engrs. Club Cleveland.) 
ov. 
The Harlem Creek Sewer, St. Louis, Mo.* (14) Dec. 14. 
The Dredge, Francis Simmons, Lincoln Park, Chicago, 
ec. 25. 


L’Epuration des Eaux d’Egout par Systéme Armand Puech and Charles 
Rolandez. (65) Nov. 


Die der Gemeinde Wilmersdorf. Miiller. (48) Serial be- 
ginning Dec. 14. 


Structural. 


Method Measuring the Extension Test-Pieces under Tensile Stress.* Wesley 
John Lambert, Assoc. Inst. (63) Vol. 169. 
Notes Different Kinds Brick. Anton Vogt. (76) Dec., 1906. 
for Sand-Lime Brick. (Made Robert Hunt Co.) (76) 
an., 


Brick. Jones. (Paper read before the Amer. Ceramic Soc.) 
eb. 
The Manufacture Hollow Building Blocks and the Probable Future the Indus- 


try Wisconsin. Crabtree. (Paper read before the Wisconsin Clay- 
workers Assoc.) (76) Apr. 


Some Tests Wisconsin Sand-Lime and Clay Bricks. Maurer. 
before the Wisconsin Clayworkers Assoc.) (76) Apr. 

Strength Brick and Brick Piers.* James Howard. (Paper read before the 
National Brick Mfrs. Assoc.) (76) June. 


The Sand-Lime Brick and Concrete Work. Michaelis, Jr. (76) 


uly. 

The Physical Properties Sand-Lime Brick. Lazell. (Paper read before 
the National Assoc. Mfrs. Sand-Lime Products.) (76) July. 

Regulations the Bureau Building Inspection Regard the Use Rein- 
forced Concrete.* Emile Perrot. (2) Oct. 

Testing Clay Products.* Richardson. (76) Serial beginning Nov. 

Suggested Test Specifications for Building Materials the Form Bricks. 
Jackson. (Abstract Report National Assoc. Mfrs. Sand-Lime Prod- 
ucts.) (76) Dec. 

The Use Concrete Freezing Weather. Goodrich. (67) Dec. 

The Effect Work and Time the Properties Mild Steel and Iron. John 
Heck. (Paper read before the Coast Inst. Engrs. and Shipbuilders.) 
(22) Dec. (47) Dec. 

Light Roof Girder System Reinforced Concrete Garage.* (13) Dec. 12. 

The Design 75-Ft. Reinforced-Concrete Girders for the Mammoth Garage, White 
Plains, Y.* (13) Dec. 12. 

and Experiments with Reinforced Concrete.* Surtees. (14) 

14. 
Strength Rings.* (12) Dec. 20. 
Hydraulic Properties Reground Cement Mortars. Henry Spackmand and 


Robert Lesley. (Abstract paper read before the Assoc. Amer. Portland 
Cement Mfrs.) (14) Dec. 21. 


Diagrams Determine the Bearing Power Piles.* (14) Dec. 28. 

Reinforced Concrete Chimneys. Sanford Thompson, Am. Soc. (Abstract 
Report the Assoc. Amer. Portland Cement Mfrs.) (14) Dec. 28. 
Selected Aggregates.* Albert Moyer, Assoc. Am. Soc. 

an. 

Test Bond between Plain Bars and Concrete.* Viterbo. (86) Jan. 

Tall Brick Chimney with Acid-Proof Lining.* (14) Jan. 

Mill Construction Prevent Fires.* Charles Fish, Am. Soc. (Abstract 
paper read before the National Assoc. Cotton Mfrs.) (14) Jan. 

Zur Theorie der Wirkung der Ungleichen auf 
Beziehung auf Fachwerke. Weingarten. (81) Vol. 1907. 

Knicksicherheit bei Entsprechender Zunahme des des Stabquer- 
schnittes. Adolf Francke. (81) Vol. 1907. 

Ein Neues Verfahren zur Bestimmung der Lage der Neutralachse bei Armierten 
Betonkérpern. Leo Bloudek. (53) Nov. 29. 

Osmose und Portlandzement: Ein Beitrag zur Meerwasserfrage des Portlandze- 
ments.* Emil Schwarz. (80) Serial beginning Nov. 30. 

Beitrag zur Berechnung der Haftspannungen und Ermittlung der Entsprechenden 
Rundeisendurchmesser. Rich. Wuczkowski. ec. 

Berechnung der unter der Zugspannungen des 
Betons. Chr. (78) Dec. 

Neuere Forschungen Gebiete des Hisenbetonbaues.* Foerster. (50) Dec. 


(Paper read 
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Structural—(Continued). 


Die Kerbschlagprobe Materialpriifungswesen. Ehrensberger. (Report 
Committee the Verbande fiir Materielpriifungen der Technik.’’) 
(50) Serial beginning Dec. 11; (48) Serial beginning Dec. 14. 

Ueber die Bach’schen Versuche mit (51) Dec. 18. 


Topographical. 


Sketch-Mapping, with Special Reference Southern Nigeria.* Lindow Hereward 
Leofric Huddart, Assoc. Inst. (63) Vol. 169. 
Standard Topographical Signs.* (14) Dec. 21. 


Water Supply. 


Loss Pressure Water Flowing Straight Curved Pipes.* Arthur 
William Brightmore, Inst. (63) Vol. 169 
The Tunnel and River Shaft the Detroit Water Works. James Ritchie. (Paper 
read before the Civ. Engrs. Club Cleveland.) (1) Nov., 1907. 
The Pitometer.* Edward Cole. (3) Dec. 
System Water Supply Country Residence.* (70) Dec. 
Tests 12-Inch Doble Water-Wheel.* Westcott. (64) Dec. 
Gravity Water Supply System Greeley, Colo.* (14) 14. 
Cost Lining Section the Gunnison Tunnel with Concrete. (86) 
ec. 
The Testing Irrigation Pumping Plants.* (13) Dec. 19. 
Pipe Lines for Hydraulic Power Piants.* Arthur Jobson. (Abstract paper read 
before the Telluride Inst.) (14) Dec. 21. 
Underground Water, the Right User the Light Recent Enactments. Alfred 
(Paper read before the Assoc. Water 
ec. 24. 
The Development the Great Northern Power Co., near Duluth.* 
Hydraulic Diaphragm (11) 27. 
Flow Water Open Conduits.* Merrill. (14) Dec. 28. 
Electrically Operated Sluice Gates for the Shoshone and Pathfinder Dams.* 
Hanna. (13) Jan. 
Hydro-Electric Power Duluth.* Dwight Woodbridge. (20) Jan. 
Award the Ashokan Reservoir Dam Contract, New York 
ty. an. 
The New York City Fire-Protection Water System.* (14) Jan. 
Conduites Acier Soudé, Bonna.* (84) Nov. 
Les Limitateurs Débit Examen quelques Appareils Allemands.* Aristide 
Bergés. (33) Serial beginning Dec. 
Die der Stadtgemeinde Wilmersdorf. 
Die Hochdruckwasserleitung und das Angeschlossene Kraftwerk der Stadt Nord- 
hausen.* Michael. (48) Nov. 30. 
Das Hochreservoir mit Enteisenungsanlage der Gardinenfabrik Plauen 
Plauen Vogtlande.* Max Sieb. (78) Serial beginning Dec. 
Die Priifung von Rohren auf Ausseren Ueberdruck. Preuss. (50) Dec. 18. 
Beitrag zur Berechnung der Wirtschaftlich Giinstigsten bei Pump- 
werks-Wasserleitungen. Joh. Pelinka. (53) Dec. 


Waterways. 
Notes the Arrangements for Receiving Importations Timber Portishead 
Dock, Bristol.* John William Kitchin, Assoc. Inst. (63) Vol. 169. 

Floating Dock Rotterdam.* (12) Dec. 

The Method Operating Lobnitz Rock Cutter Canal and Harbor Work.* Lin- 
don Pates, Jr. (86) Dec. 18. 

The Royal Commission Coast Erosion. (12) Serial beginning Dec. 20. 

The Teltow Canal.* (12) Dec. 27. 

Vol 

Bau der Friedrichswalder Talsperre und Bericht tiber das Erste Betriebs- 
jahr.* Viktor Czehak. (53) Serial beginning Dec. 

Die von Schiffshebewerken.* Hermann Bertschinger. 


Dec. 
Der Schiffkanal des Staates New York.* (48) Dec. 
Das Schiffshebewerk, System Hilgard. (51) 14. 
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MINUTES MEETINGS. 
THE SOCIETY. 


FIFTY-FIFTH ANNUAL MEETING.* 


January 15th, 1908.—The meeting was called order M.; 
President Benzenberg the chair; Chas. Warren Hunt, Secre- 
tary; and present, also, about 450 members. 

The reading the minutes the meeting January 8th, 1908, 
was dispensed with. 

Messrs. Van Horne, Herbert Wilson and George Janes 


were appointed tellers canvass the Ballot for Officers for the ensuing 
year. 


full report the Fifty-fifth Annual Meeting printed pages 100 this 
number Proceedings. 
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The Annual Report the Board Direction, and the Annual 
Reports the Secretary and the Treasurer,* for the year ending 
December 31st, 1907, were presented and accepted. 

The Secretary reported that accordance with the unanimous 
report the Special Committee Prizes the Board Direction had 
awarded the prizes for the year ending with the month July, 1907, 
follows: 

The Norman Medal Leonard Cox, Am. E., for 
his paper entitled “The Naval Floating Dock—Its Advantages, De- 
sign and Construction.” 

The Thomas Fitch Rowland Prize James Schuyler, Am. 
E., for his paper entitled “Recent Practice Hydraulic-Fill 
Dam Construction.” 

award the Collingwood Prize for Juniors was made. 

The Secretary presented reportt the Board Direction 
the matter proposed Special Committee the subject Under- 
ground Piping City Streets, that such committee 
not appointed. 

The report was accepted and its recommendation adopted. 


The following were appointed members the Nominating Com- 
mittee: 


The Secretary presented progress from the Special Com- 
mittee Rail Sections. 

The report was accepted and the Committee continued. 

The Secretary presented progress report§ from the Special Com- 
mittee Uniform Tests Cement. 

The report was accepted and the Committee continued. 

The Secretary presented progress report|| from the Special Com- 
mittee Concrete and Reinforced Concrete. 

The report was accepted and the Committee continued. 


*For these see pages ‘the Proceedings for Janua 
ry, 1908 (Vol. 


+See page 52. 
See page 85. 
See page 87. 
See 
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The Secretary read letter from Desmond FitzGerald, Past-Presi- 
dent, Am. Soc. E., Chairman the Special Committee Engi- 
neering Education, reporting progress. 

The Committee was continued. 

The Secretary made some announcements reference the pro- 
gramme the Annual Meeting. 

The following proposed amendments the Constitution were con- 
sidered 

Amend Article III the Constitution follows: 


Strike out the last four words the first paragraph Section 


direct ballot,” and insert their place shall vote thereon 


Amend Section the same article read follows: 


The ballots shall letter-ballots, form prescribed 
the Board Direction. They shall mailed each member the 
Board Direction, and shall state the date which the ballot 
canvassed, which shall not less than twenty days after the issue 
the ballot. least twenty-five votes must cast constitute 
election. Five more negative votes shall exclude from election. 
case exclusion, notice thereof shall entered the minutes, 
but the candidate shall notified. 


Charles Gowen, Am. E., offered the following amend- 
ment the amendments: 

Add Article Section reads the proposed amend- 
ment, the following: rejected applicant may renew his application 


for membership transfer any time after the expiration one 


year from the date the ballot rejecting his previous application.” 
Amend Article III, Section Paragraph follows: Strike out 
the words, “and Juniors,” also the words, “Corporate Members,” and 
substitute for the words, “Corporate Members,” the words, “Board 
Direction,” that the paragraph will read follows: members 
other than Honorary Members shall admitted the Society only 
vote the Board Direction, hereinafter specified.” 

Article Section Paragraph strike out the word “the” 
before the word “grade” and substitute the word “any’’; also, strike 
out the words, “of Junior,” following the word, “grade”; also, strike 
out the words, “except that Junior” the second line, that the 
paragraph will read: “The Board shall have the power elect persons 
any grade, and transfer persons from any grade higher grade 
membership, and shall notify the membership its action.” 

The Secretary read letters from Messrs. Harrod, Eno, 
and Black, and cable from Corthell, Am. Soe. 


After Mr. Gowen’s amendment the amendment was 
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MINUTES MEETINGS [Society 


adopted, and, motion Clemens Herschel, Am. E., duly 
seconded, the amendment was referred Committee five 
appointed the chair and directed report the next General 
Meeting. 

The Secretary reported that December 12th, 1907, had received 
two proposed amendments the Constitution. These amendments 
were not presented “on before the first Wednesday November,” 
accordance with Article Section the Constitution, but were 
sent the Secretary, “by letter the several Corporate Members 
the Society least twenty-five days previous the Annual Meeting,” 
order that the interpretation the Constitutional requirement 
might brought before that meeting. 

The President ruled that, these proposed amendments had not 
been submitted required Section Article the Constitu- 
tion, they were not properly before the Annual Meeting for discussion. 

The report the tellers* appointed canvass the Ballots for 
Officers for the ensuing year was presented. 

The President announced the election the following officers: 


President, serve one year: 
New York City. 


Vice-Presidents, serve two years: 


Ue 


Treasurer, serve one year: 
New York City. 


Directors, serve three years: 
Harrison, New York City. 
New York City. 
Dexter Brackett, Boston, Mass. 

Horace Anprews, Albany, 
Ann Arbor, Mich. 


Mr. Stearns and Mr. Schneider conducted Mr. Macdonald, the 
President-elect, the chair. 


Mr. Macdonald addressed the meeting briefly. 
Adjourned. 


February 5th, 1908.—The meeting was called order 8.30 
M.; President Charles Macdonald the chair; Chas. Warren Hunt, 
Secretary; and present, also, 101 members and guests. 

The minutes the meetings December 18th, 1907, and January 


Sth, 1908, were approved printed the Proceedings for January, 
1908. 


See page 81. 
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“Overhead Construction for High-Tension Electric Traction Trans- 
mission,” was presented the author. 

paper Joseph Mayer, Am. Soc. E., entitled New 
Suspension for the Contact Wires Electric Railways Using Slid- 
ing Bows,” was presented the author. 

These papers were discussed orally Messrs. Archbold, 
Harte, Coombs, and Joseph Mayer, lantern slides being 
introduced the discussion. 

Ballots for membership were canvassed, and the following candi- 
dates: elected 


MEMBERS. 


Porter Pittsburg, Pa. 
Stevens Kerr, Oroya, Peru. 

Henry Hupson Syracuse, 

Fritz voN Vienna, Austria. 
Tuomas Denver, Colo. 


MEMBERS. 


Louis Manila, Philippine Islands. 

Henry Wick New York City. 

Dwicut Frep Horton, Dallas, Tex. 

James Henry Payne, Los Angeles, Cal. 
Harry Jr., Americus, Ga. 

Guy Richmond, Ind. 

Frank Pierre, Dak. 


The Secretary announced: 


The transfer the following candidates the Board Direc- 
tion February 4th, 1908: 
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From MEMBER MEMBER. 


Henry Buck, Hartford, Conn. 
Frank Frencu, Salt Lake City, Utah. 


From MEMBER. 
New York City. 


The election the following candidates the Board Direction: 


Morton Augusta, Ga. 


October 1907: 


November 5th, 1907: 
Ancon, Canal Zone, Panama. 
Jr., Pennington, Ala. 


December 3d, 1907: 
JOSEPH JAMES Ferrier, San Francisco, Cal. 


January 1908: 


February 4th, 1908: 


New York City. 
ALEXANDER WILLIAM Dann, Greenville, Mass. 
New York City. 
SANCHEZ Havana, Cuba. 
CaMBERNE New York City. 
Lowry, Jr., New York City. 

Iowa City, Iowa. 
New York City. 
CHENEY Milwaukee, Wis. 
Warren Detroit, Mich. 


The Secretary announced the following deaths: 


elected Member, January 6th, 1869; Director 
the Society during the year 1880; Vice-President, 1891; President, 
1904; died, January 18th, 1908. 


Foster elected Member, June 1876; Di- 
rector the Society, 1892-1893; died, February 4th, 1908. 

FRANKLIN elected Member, January 6th, 1892; 
died, January 21st, 1908. 

elected Associate Member, June 4th, 1902; 
died, January 18th, 1908. 

elected Associate Member, April 3d, 1901; 
died, January 7th, 1908. 

elected Associate, June 4th, 1884; died, Decem- 
ber 28th, 1907. 


Haas, elected Junior, October 3d, 1905; died, December 
28th, 1907. 


Adjourned. 
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THE BOARD DIRECTION. 
(Abstract.) 


January 7th, 1908.—Director Horace Horton the chair; 
Chas. Warren Hunt, Secretary; and present, also, Messrs. Bowman, 
Hazen, Hodgman, Sherrerd, and Smith. 

draft the Annual Report was presented Committee ap- 
pointed for the purpose, and was adopted the Annual Report the 
Board presented the Annual Meeting. 

report the Board the Society was adopted the matter 
the Proposed Special Committee “To consider the subject under- 
ground piping city streets, with view recommending standard 
street sections, following which, municipal engineers, elected for 
short terms only, could lay out new work, not only meet present 
needs, but also give convenient and economical access sewer, 
water, and other pipes, the city grows.” 

Action was taken regard members arrears for dues. 

George Benzenberg was appointed serve member the 
John Fritz Medal Board Award for the next four years. 

The time for the Annual Convention, which held 
Denver, Colo., was fixed June 23d 26th, inclusive. 

The following Committees take charge the Annual Conven- 
tion was appointed: 

behalf the Board Direction: George Tillson, 
Waldo Smith, and Chas. Warren Hunt. 

Local Committee Arrangemerfts: Thomas Jaycox, George 
Prince, John Beeler, Burt, and Sumner. 

The following resolution was adopted: 


the timber resources this country are being rapidly 
diminished owing methods forestry, the prevalence 
forest fires and wasteful use timber; resulting steady 
increase the cost both hard and soft woods, and which may result 
moreover the diminution the natural storage capacity our 
streams, and increasing irregularity the flow, and consequent im- 
pairment the value our water powers: 

“RESOLVED, That the opinion the Board Direction the 
American Society Civil Engineers, every endeavor should made 
further the introduction principles forestry and the 
creation and preservation National and State forest preserves; and 
particular, the Board Direction approves and urges the passage 


Congress bill providing for national forest reserves the 
Appalachian and White Mountains.” 


accordance with the unanimous recommendation the Com- 
mittee consisting Messrs. Lansing Beach, Turner, and 
Rundlet appointed the award prizes for papers 


published Transactions for the year ending July, 1907, the follow- 
ing awards were made: 


a 


The Norman Medal Leonard Cox, Am. E., for his 
paper entitled “The Naval Floating Dock—Its Advantages, Design and 
Construction.” 

The Thomas Fitch Rowland Prize James Schuyler, Am. 
E., for his paper entitled “Recent Practice Hydraulic-Fill 
Dam Construction.” 

immediate payment $10000 the principal the mort- 
gage debt the Society was authorized. 

The Secretary was authorized prepare second volume the 
Index Transactions covering the last twenty volumes. 

The following resignations were accepted: 

WHEELER. 

Associate Members: Guy Oskar 
JOHANNSEN, JOHN CHARLES MILLs. 

Associate: FiscHER MILLER. 

Juniors: GOUVERNEUR FRANK WESLEY COOPER, 
Van 

Applications were considered and other routine business trans- 
acted. 

Eleven Associate Members were transferred the grade Member, 
and thirteen candidates for Junior were elected. 


Adjourned. 


January 15th, 1908.—1 Board met, required the 
Constitution, the Annual Meeting, President Charles Macdonald 
the chair; Chas. Warren Hunt, Secretary; and present, also, Messrs. 
Andrews, Benzenberg, Brackett, Churchill, Harrison, Hazen, Hodgdon, 
Knap, Noble, Schneider, Smith, Swain, Swensson, Stearns, Storey, 
Tillson, and Williams. 

The election Secretary was taken up. Mr. Hunt retired. 

Chas. Warren Hunt was nominated for Secretary Mr. Noble, 
seconded Mr. Stearns. ballot was taken resulting eighteen 
ballots favor Mr. Hunt. The President declared the unanimous 
election Mr. Hunt Secretary. 

Mr. Hunt, having been advised his election, returned. 

The following Standing Committees were appointed: 

Finance Committee: Grorce ALLEN Hazen, 

Committee Membership was also appointed. 


Adjourned. 
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February 4th, 1908.—President Macdonald the chair; Chas. 
Warren Hunt, Secretary; and present, also, Messrs. Andrews, Christie, 
Gibbs, Harrison, Hazen, Hodgdon, Kittredge, Schneider, Smith, 
Stearns, and Tillson. 

The Publication Committee, accepting papers for presentation 
the Society, was authorized place them two separate classes, 
one which should presented for oral, well written, discus- 
sion; and the other published, but not set down for presentation 
any meeting, written communications only being solicited their 
discussion. 

The following resolution was adopted: 


The American Society Civil Engineers has the 
death Thomas Fitch Rowland, Hon. Am. E., lost 
valued Member whose connection with began with its reorganiza- 
tion 1867, and who served Director 1871, 1872, and 1873, and 
Vice-President 1886 and 1887; 

“Resolved, That the Board Direction hereby records its appre- 
ciation his sterling character, his able and useful professional 
and his profound interest the work the Society, which 
often found generous expression, and which was evidenced not only 


the earlier days his activity, but continued the time his 
death. 


“Resolved, That this resolution spread upon the Minutes, and 
copy forwarded his family.” 


The following resignations were accepted: 


Cyrus Comstock. 


Applications were considered, and other routine business transacted. 
Three Associate Members and one Associate were transferred 
the grade Member, and fourteen Juniors were elected. 


Adjourned. 
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REPORT FULL THE FIFTY-FIFTH MEETING, 
JANUARY 15th and 16th, 1908. 


Wednesday, January 15th, 1908.—President Benzenberg the 
Chair; Chas. Warren Hunt, Secretary; and present, also, about 450 
members. 

Preswent.—Will you please come forward, gentlemen? The Meeting 
time having arrived which the Fifty-fifth Annual Meeting this order. 
Society open for the transaction business, you will please come 
order and will proceed with the order business. 

The minutes the last meeting will printed the Proceedings 
and presented to, and passed upon by, the next meeting the So- 
ciety, held February 5th. Unless objection made, the read- 
ing the minutes the last meeting will dispensed with until 
that time. 

The balloting for officers for the ensuing year will continue until 
noon. The polls will close noon. 

will appoint tellers canvass the ballots the following Mem- 
bers: Van Horne, Herbert Wilson, and George Janes, who 
will find assistants the rooms below, and may proceed with the 
counting the ballots this time, that early possible after 
twelve, which hour the ballot closed, the report the results 
may made. 

believe the Secretary has some announcements make, and 
you will give your attention them now, will very proper pro- 
ceeding, before begin the regular order business. 

President, was going make some an- 
nouncements about this programme, but think there will more 
people here presently, and perhaps had better defer that and 
ahead with the business. This merely suggestion. 

well. The next business order will 


the 
the annual report the Board Direction. Have you the same, sir? 
sir. 


you please read it? 


The Secretary then read the Annual Report the Board Di- Report the 
rection, containing the Secretary’s report receipts and disbursements 
for the year ending December 31st, 1907. 

you the report the Treasurer? Report the 

Knap here; perhaps will read it. 


Tue Knap, will you read it? 

The Treasurer read his report covering the year ending December 
1907. 

been stated the Secretary, additional has been paid 
mortgage within the last few days, making $20 000 during the last 
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year, and leaving our indebtedness now and, when 
consider that before the lots were purchased and the house built 
cost over that is, including furniture, that are now 
down and are worth more than were that 
time, shows have made very good progress. 

your pleasure with regard these re- 
Unless objection made they will received and spread upon 
the minutes. There being objections directed. 

The next order business the report the Board Direction 
the matter the award prizes for the year ending with July, 

1907. 
ward 
Prizes. have the honor report that the Board 
Direction has awarded the Norman Medal for the year ending with the 
Transactions for July, 1907, the paper entitled “The Naval Floating 
Dock—Its. Advantages, Design and Construction,” Leonard 
Cox, Am. Soe. 

The Board has awarded the Thomas Fitch Rowland Prize the 
paper entitled “Recent Practice Hydraulic-Fill Dam Construction,” 

There award the Collingwood Prize for Juniors, inasmuch 
papers Juniors have been published Transactions during 
the year. 

The above awards were made accordance with the unanimous 
recommendation the Special Committee appointed accordance 
with the Constitution, consisting Lansing Beach, Turner, 
and Rundlett, Members the Society. 

have heard the report, and, unless objec- 
tion made, the same will received and spread upon the minutes. 
directed. 

The next matter the report the Board Direction regard 

Special the appointment Special Committee the subject Under- 

Underground ground Piping City Streets. You will now give your attention 
report the Board that question. 


The Secretary read the following report: 
“To THE AMERICAN ENGINEERS: 


the matter the proposed appointment Special Committee 
“to consider the subject underground piping city streets with 
view recommending standard street sections, following which, munic- 
ipal engineers, elected for short terms only, could lay out new work, 
not only meet present needs, but also give convenient and 
economical access sewer, water, and other pipes the city grows”: 
the Board Direction, after having given the subject careful con- 
sideration, recommends that the committee not appointed. 
accordance with the requirements the Constitution, arguments for 
and the appointment said committee are herewith sub- 
mitted. 
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ARGUMENTS Favor. 


well-known fact that hundreds thousands dollars worth 
street pavements are being torn and destroyed the different 
cities this country for the purpose making connections with 
water, sewer, and gas mains, well other underground structures. 
any scheme can devised which this work can reduced 
minimum, will result, not only vast financial saving, but will 
decrease largely the inconvenience which business men and prop- 
erty owners are constantly being put the tearing the streets. 

great many cities the country, municipal engineers hold 
office for short time only, and during their term not have time 
develop and carry out comprehensive scheme for avoiding this 
trouble, even they are not hampered political considerations. 

Street pavements to-day are laid much more elaborately than 
twenty-five years ago, and are often such character and kind 
that making openings large amount material actually de- 
stroyed. This causes loss that did not exist when the pavements con- 
sisted largely cobble stones granite blocks laid sand founda- 
tion. Then the loss was practically measured the cost the labor 
necessary make and close the openings. 

The problem preventing unnecessary openings streets un- 
doubtedly the greatest one that municipal officers charge pave- 
ments have consider the present time. 

The American Society Civil Engineers has among its members, 
engineers who are engaged municipal work cities all sizes, 
where this problem being constantly presented all its different 
phases, and partial solution must reached each case. en- 
tirely satisfactory results cannot reached, great benefits will accrue 
the collation the facts committee. 


ARGUMENTS AGAINST. 


The subject very broad one, and would require very careful 
investigation prepare report that would any value. 
extremely difficult treat the subject from general standpoint, 
conditions would greatly change general conditions. plan for 
large city would too expensive for small one, and for old 
street unsuitable for new one. 

satisfactory plan for new street might worked out cer- 
tain premises, but new developments might arise and thus cause the 
old scheme utterly worthless. well-known fact that 
American cities seldom grow the manner and direction expected. 

large amount the work the present sub-surface corporations 
the necessity constructing new, reinforcing old, sub- 
ways, where ten years ago was thought that future needs were pro- 
vided for. 

the same city each street must considered separately, accord- 
ing its special needs and requirements. 
even, cannot treated alike. evident that plan suitable for 
the Borough Manhattan, New York City, would not suitable for 
the Bronx for Richmond. 

The work proposed for this Committee not one that should 
taken this Society, but each city where the question has be- 
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come important. report general committee would not 
value, but might harm, because municipalities would not able 
apply correctly general principles specific cases. 

economy for cities employ experts work out their own 
problems, rather than attempt solve them general 
ines. 

Any adequate system conduit construction, protect street 
pavements, provide for house connections, for proper inspection 
street mains and access the same for repairs, must necessity 
contemplate the construction such conduit along each curb line 
under each sidewalk. Such conduits must ample capacity 
provide for sewer, gas, and water pipes, electrical conductors, steam 
heat, order carry the sewers their proper grade, these 
conduits must laid considerable depth below the surface. They 
will expensive construction, costing from $10 $12 foot, and 
the neighborhood from $20 $25 foot for two each street. 
attempt construct such conduits any but the most congested 
portions large cities would seem out question; the interest 
alone the first cost these constructions would pay for the entire 
repaving the street every ten years. Adequate, least more 
reasonable, provision protect pavements would made the lay- 
ing all services, even vacant lots, advance new pavements. 
This can done without the strength recommendation from the 
American Society Civil Engineers. 

order the Board Direction, 
Warren 


Secretary. 
New January 1908. 


Tue report and question now before the So- 
ciety. What your pleasure? 

Duly moved and seconded that the report accepted and its 
recommendations adopted. 

Tue have heard the motion that the report 
the Board Direction this matter adopted. Are you ready 
for the question? All those favor the motion will manifest 
saying “aye”; opposed, “no.” Carried. 

The next business order will the appointment members 


‘for the Nominating Committee for the ensuing two years. 


Tue proceed, Mr. President? 
Presment.—The Secretary will please read the report. 
Tue will read the result the vote districts. 


District No. number votes received, 171. 


DuNCAN 
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Affairs. 


Baker, 

Burr, 

CRAVEN, 

Henry 

Otis Hovey, 

JR., 


wal 


Mr. Charles Baker, not being 
way, not eligible. 


pleasure 


No. 


ber One. 


“no.” 


For 
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The following have received one vote each: 


You have the report regard those who have been 
recommended members the Nominating Committee for District 


was moved and seconded that Charles Staniford appointed 
member the Nominating Committee representing District Num- 


Tue have heard the motion. 
the question? All favor the motion will say opposed, 
Mr. Staniford duly appointed member the Nominating 
Committee for the ensuing two years. 


Tue Number Two. 


District No. 2.—Total number votes received, 48. 


SHERMAN... 


Francis Mason, 

JOSEPH 

MANSFIELD MERRIMAN, 
Epwarp 

SYLVESTER 
Parsoxs, 
Pratt, 
Rosert SHAILER, 

Warp, 

WHIPPLE, 


connected with the Society any 


What 


your 


Are you ready for 
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Nominating The following have received one vote each: 

Committee 

JACKSON, Morris Tompson, 


Mr. Stearns not eligible, and about two hours Professor 
Swain will not eligible. 

Tue have heard the report the Secretary. 
What your 

moved and seconded that Mr. French nominated member 
the Nominating Committee representing District Number Two. 

Tue have heard the motion that Mr. French 
nominated from the second district. The motion duly seconded. 
Are you ready for the question? All those favor the motion 
will say “aye”; opposed, “no.” 

Mr. French duly appointed member the Nominating 
Committee for the ensuing two years. 


Number Three. 
District No. number votes received, 67. 


The following have received one vote each: 


tio 
re] 
Mortimer 
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Director. 

Tue have heard the reading the 
tions members from District Number Three; what your pleasure? 

moved and seconded that Mr. David Watt appointed 
representative from the Third District. 

have heard the motion that Mr. Watt 
appointed member the Nominating Committee from the Third 
District. Are you ready for the question? All favor the motion 
will please say “aye”; opposed, “no.” Carried. 

Number Four. 

Tue are two vacancies filled this dis- 
trict, one for the term two years and one for the term one year. 
has been rather difficult classify the returns. The Secretary has 
assumed that when two names are given the first named was for the 
two-year term, unless otherwise specified. 


District No. 4.—Total number members who have voted, 77. 
For the term two years the following ballots have been re- 
ceived 


The following have received one vote each: 


Mr. James Christie and Mr. Emil Swensson, being Directors 
the Society, are not eligible. 

have heard the report read the Secretary 
the recommendations for member the Nominating Committee 
from District Number Four for the full term two years. What 
your pleasure? 

was moved and seconded that Percival Sax appointed 
member that committee for the ensuing two years. 

has been moved and seconded that Mr. Sax 
appointed member the Nominating Committee for the ensuing 
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Nominating; two years. Are you ready for the question? those favor the 
motion will manifest saying “aye”; opposed, “no.” 
Mr. Sax duly appointed member the Nominating Committee 
representing District No. for the ensuing two years. 
You will now give your attention the report the Secretary 
the recommendations fill the other vacancy. 
Tue the one-year term the recommendations re- 
ceived are follows: 


The following have received one vote each: 


Banks, Tuomas 


Mr. Daniel Banks’ name not being found the roll member- 
ship, not eligible. 

Chester elected member the Nominating Committee for the 
term one year. 

you ready for the question? All favor 
will manifest saying “aye”; opposed, “no.” Mr. Chester 
duly appointed fill the vacaney the Nominating Committee 
from District Number Four. 

Number Five. 


District No. 5.—Total number votes received, 110. 


The following have received one vote each: 
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Tue you have heard the report sub- 
mitted the Secretary regard appointing member from Dis- 
trict No. 

was duly moved and seconded that Mr. Cunningham ap- 
pointed member the Nominating Committee from District No. 

have heard the motion that Mr. Cunning- 
ham appointed member the Nominating Committee from 
District No. Are you ready for the question? favor the 
motion will manifest saying “aye”; opposed, “no.” The motion 
carried, and Mr. Cunningham duly appointed serve repre- 
sentative from District No. 


Tue No. 
District No. number votes received, 66. 


> 


The following have received one vote each: 


ALLEN, 
ANDERSON, 
Carson, 

Gray, JR., 

Harrop, 

Van 
Howe, 


Kerr, 

Lewis, 

Pew, 
Henry 

Linton 
Tuomas 
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Mr. Churchill will not eligible, and not think that Mr. 
Leonard Metcalf, who does not live that district, eligible. 

Tue have heard the report. What your 
pleasure 

Am. Soc. E.—I move that the gentle- 
man having the largest number votes elected. 

Motion duly seconded. 

Tue Arthur Hider has the largest number 
votes, that is, five. 

Tue have heard the motion that Mr. Arthur 
Hider appoirited member the Nominating Committee repre- 
senting District No. Are you ready for the question? All those 
favor please say “aye”; opposed, “no.” carried, and Mr. Hider 
duly appointed member from District No. 


Tue No. 


District No. number votes received, 64. 


The following have received one vote each: 
JEREMIAH AHERN, Mason, 
Gerry, FRANKLIN RIFFLE, 
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Mr. Arthur Adams not eligible, Director the 
Society. 

have heard the report. What your 
pleasure 

Hovey, Am. Soc. would suggest the name 
Mr. Bogue. make that form motion. 

Presipent.—You have heard motion. What your 
pleasure 

supported. would move that Mr. Crocker appointed mem- 
ber the Nominating Committee from District No. being the 
representative from that district receiving the largest number 
votes, although means majority. make that motion, under- 
standing that the other motion has not been seconded. 

Tue have heard the motion, made Pro- 
fessor Williams, that Mr. Crocker, having received the highest num- 
ber votes the members that district, appointed member 
the Nominating Committee from District No. Are you ready 
for the question? All favor the motion will manifest say- 
ing opposed, “no.” Carried. Mr. Crocker duly appointed 
member that committee from District No. This, think, 
completes the Nominating Committee. 

The next business order the reports progress Special 
Committees, the first being that Rail Sections. 

Tue Special Committee Rail Sections pre- 
sented report June last year, which was presented the An- 
nual Convention held City Mexico, and was made 
special order business for this meeting. has been published 
Proceedings, the August number, for 1907,* and have subse- 
quent report which has just been received from this committee, which 
should read, but perhaps not necessary read the other one 
which has been published. 

Tue you please read the report? 

The Secretary read the 

Tue the meeting the Convention 
the City Mexico, report this Committee was made special 
order business for this meeting, and that report the Committee 
has added the report just read the Secretary. These reports are 
now open for discussion the part the members. there any 
discussion them? not, the report will received and printed 
with the Proceedings, unless some member desires offer motion 
regard it. There being none, such disposition will made 
the report. 


See page 85. 
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The next report the Special Committee Uniform Tests 


Uniform Tests Cement. 


Cement. 


Report 
Committee 
Concrete and 

Reinforced 

Concrete. 


tee, here. Mr. Humphrey, will you present the report your 
Committee 

Mr. would ask the Secretary read the report. 

The Secretary then read the report.* 

you have heard the report the 
Special Committee. The question now open for discussion. What 
your pleasure with the report? 

Mr. move that the report accepted and adopted. 

Tue me, you mean that the report re- 
ceived and printed the Proceedings. 

Mr. this meeting power adopt? 

Tue not think so. understand it, the So- 
ciety has never adopted anything. 

Mr. move that simply accepted, which 
means, that will printed. 

Presment.—You have heard the motion. Are you ready for 
the question that the report received and printed Proceedings? 

Mr. does that mean? did not hear it. 

Tue the committee continued; under- 
stand, they are still work. there discussion, will put the 
motion vote. There being none, all those favor the motion 
will manifest saying “aye”; opposed, “no.” carried. 

The next the Progress Report the Special Committee 
Concrete and Reinforced Concrete. understand, without any 
special direction the continuation these committees, that they 
continue until they have been finally discharged from duty, 
that the Special Committee Cement, and the other committees 
will consider themselves continuing. 

Tue report, Mr. President, addressed the 
Society, dated December, 1907.+ 

Tue have heard the Progress Report the 
Special Committee Concrete and Reinforced Concrete. What 
your pleasure? 

Davis, Am. Soc. move that the report ac- 
cepted and printed, and the committee continued. 

THE have heard the motion. Are you ready for 
the question that the report the Committee received and printed 

and the Committee there discussion, all those 


favor the motion will please say “aye”; opposed, “no.” The 
motion carried. 


See page 90. 
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The next business the Report the Committee Engineering Report 
Education, which the Secretary will read. 

Tue President, have formal report from 
that Committee, but have received the following letter from its Chair- 


man, Past-President Desmond FitzGerald: 


“90 Beacon Street, 

“Boston, Jan., 1908. 

“My Mr. may not able attend the 
Meeting expected. 

“The Committee Eng. Education have report make except 
one progress. This work one which does not permit haste. 

“Tt far better take plenty time than fall into mistakes 
through hasty action. 


sub-committee has been appointed confer with other commit- 
tees like nature. 


“Very faithfully yours, 


“Mr. Cuas. Hunt, 


“Secy. Etc.” 


Tue your pleasure? Unless objection 
made, this letter will spread upon the minutes, and the Committee 
continued. There being objections, directed. 
believe the Secretary has some announcements make this 
time. ments. 
President, the programme rather explicit 
the various events during the Annual Meeting; and only 
wish call the attention members the fact that those who wish 
visit the Tunnel and Terminal the Pennsylvania Railroad Com- 
pany will meet promptly 3.15 Thirty-third Street and 
Ninth Avenue. The attention the Committee has been called 
the fact that, inadvertently, making the announcement, was 
stated that the contractors were Westinghouse, Church, Kerr and 
Company. This firm desires understood are not 
Contractors, but that they are Designing Engineers, having charge 
construction. 
have the following letter, Mr. President, which will read. 


“DEPARTMENT THE INTERIOR 
Resources 
January 11, 1908. 
“Mr. CHARLES 
“Secretary, Am. Soc. E., 
West 57th Street, New York City. 


find circular regard the work the 
Water Resources Branch the Geological Survey, which has been 


| 
| 
| 


Announce- 
ments 
(continued). 


REPORT THE ANNUAL MEETING [Society 


prepared for distribution the members the American Society 
Civil Engineers the annual meeting. 

have taken the liberty have two packages these circulars 
expressed you. Will you kindly hold them until arrival New 
York Tuesday. Enclosed find bill lading signed and given 
the Express Company upon receipt the packages. 

“Tf practicable, should like have announcement made 
the effect that these circulars are available for distribution among the 
members and that will present the meetings and will glad 
discuss the matter with any who may interested the work. 

“Very truly yours, 
“Assistant Chief Hydrographer.” 


Mr. Hoyt here, and will glad furnish information 
anyone who especially interested the work. 
have another letter, Mr. President, which think should 
read. 
“New JANUARY 1908. 


“Mr. Hunt, Secretary, 
“American Society Civil Engineers, 
“220 West 57th Street, 
“New York City. 

“Dear behalf the Concrete Association America, 
have the honor through you extend the American Society 
Civil Engineers cordial invitation visit the permanent exhibition 
which has been installed the Brunswick Building, 26th Street and 
Fifth Avenue, the eleventh floor. This exhibition devoted 
the interests cement and concrete, with the object, primarily, 
educating the technical public the adaptation Portland cement 
engineering structures. 

“The concrete industry feels that the extension the use 
concrete they are charged with trusteeship which places upon them 
serious responsibility the end that concrete construction, when 
done all, shall well done, and that the technical shall 
safe-guarded far lies within the power the Concrete Asso- 
ciation the use and development concrete construction 
along safe and conservative lines. 

“Notwithstanding the fact that the production Portland cement 
the United States now exceeds 45,000,000 bbls. per annum, feel 
that construction only its inception and that de- 
veloped accordance with well-established rules design and work- 
manship, may give the American engineer type construc- 
tion supreme importance which will enable him conquer problems 
hitherto insurmountable, and any event extend the adaptation 
this great material into fields hitherto untouched. 

“With this end view, therefore, the Concrete Association has 
established this permanent exhibition where have attempted 
demonstrate full-size working sections and models what 
standard applications Portland cement building structures, and 
cordially invite you visit our rooms. The Association will mect 


7 
3 


Affairs.] REPORT THE ANNUAL MEETING 


between three and six Wednesday, the exhibition room, 
and extend cordial invitation the members the American 
Society Civil Engineers present. 
“Very respectfully yours, 
“President, Concrete Association, America. 

are unnecessary, but Mr. Hunt has number com- 
plimentary admissions which the Association will pleased have 
you distribute your friends.” 


explained Mr. Tucker that would probably difficult for 
many our members this exhibition this afternoon, and 
see the tunnels also, and told that this exhibition was open 
all times from until M., and would glad have any 
our members visit any time agreeable them. The address 
the Brunswick Building, 225 Fifth Avenue. 

your pleasure regard this invita- 
tion? 

was moved and seconded that the invitation accepted. 

Tue moved that the invitation accepted, and 
the thanks the Society extended the Association for the 
courtesy. Are you ready for the question? All those favor the 
motion will manifest saying “aye”; opposed, “no.” Carried. 

Tue the courtesy Mr. George Gibbs, 
Member the Society, number cards have been sent here which 
give detail some the interesting statistics the work that 
visited this afternoon, and they will now distributed. 

Tue next business order will the considera- 
tion the proposed amendments the Constitution submitted 
various times. The Secretary will read the first. 

Tue following proposed amendments the Con- 
stitution, having been received the Secretary accordance with 
the Constitution, now come before this meeting: 

Amend Article III the Constitution follows: 


Strike out the last four words the first paragraph Section 
may direct and insert their place vote thereon 

Amend Section the same article read follows: 

The ballots shall letter-ballots, form prescribed the 
Board Direction. They shall mailed each member the Board 
Direction, and shall state the date which the ballot can- 
vassed, which shall not less than twenty days the issue 
the ballot. least twenty-five votes must cast constitute 
election. Five more negative votes shall exclude from election. 
case exclusion, notice thereof shall entered the minutes, 
but the candidate shall notified. 


Proposed 
Constitutional 
Amendments. 
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Discussion Tue amendment now order for discussion, the 
and may amended this meeting any manner that pertinent pro 
the subject these proposed amendments. will remembered, 
however, that this amendment must the membership for ballot. ber 
proposed amendment, would seem that order get complete 
form, certain modifications some the paragraphs Article 
relating should made, and therefore wish cite these modi- sha 
fications and propose them amendment this amendment. 
Add Article ITI, Section reads the proposed amend- 
ment, the following: rejected applicant may renew nis applica- 
tion for membership transfer any time after the expiration 
one year from the date the ballot rejecting his previous application.” 
Amend Article Section Paragraph follows: Strike out 
the words, “and Juniors,” also the words “Corporate cus 
and substitute for the words “Corporate Members,” the words, “Board 
Direction,” that the paragraph will read follows: 
“All members other than Honorary Members shall admitted 
the Society only vote the Board Direction, hereinafter 
specified.” 
Article ITI, Section Paragraph Strike out the word “the” 
before the word “grade” and substitute the word “any”; also strike 
out the words “of Junior,” following the word, “grade”; also strike 
out the words “except that Junior” the second line, that the 
paragraph will read, “The Board shall have the power elect persons 
any grade, and transfer persons from any grade higher 
grade membership, and shall notify the membership its action.” 
the matter. Mr. Gowen would explain what the whole thing 
eI 
about, then would understand something the proposition. 
Mr. beg pardon, did not make plain. Those 
changes which have proposed are simply make other paragraphs 
Article III the Constitution which relate the proposed amend- 
ment Mr. Harrod, consistent with it. Mr. Harrod did not perhaps 
take note the little changes which are necessary, that there would 
nothing conflict with the general paragraphs the Article, and 
these are changes formality, and not change the tenor the 


amendment all. 
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point is, that want know what Mr. Harrod 
wants. 

Gowen.—I would rather have someone else make the neces- 
sary remarks explain that. 

Tue think can explain it. The present method, 
the Corporate Membership letter-ballot. Mr. Harrod’s amendment 
proposes substitute for that—not change the present method 
issuing blue lists—to away with the ballot the Corporate Mem- 
bers, and substitute therefor ballot the whole Board Direc- 
tion under the following restrictions: that shall letter-ballot, 
and that the receipt twenty-five ballots shall necessary con- 
stitute election, and that five negative votes out the twenty-five, 
shall exclude; that the gist the change. 

Am. Soc. E.—I have just come in, and 
not know how far this matter has gone, and would ask 
letter has been read. 

Tue was about say that have letter from Mr. 
Harrod, which has asked read, and also letter from Mr. 
Herschel which asked read were not present. 

Tue has been done yet; are just dis- 
cussing it. 

Mr. would prefer speak it. 

Tue Secretary will read Mr. Harrod’s letter. 

The Secretary read the following letter: 


“New La., Jany. 1908. 
“To THE PRESIDENT AND MEMBERS THE AMERICAN SOCIETY 
ENGINEERS, ANNUAL MEETING. 


had the honor say the Society the Annual 
Convention Quebec 1897 that ‘Since the prosperity the Society 
entirely dependent upon the character its members, im- 
portant that the machinery election should the most perfect 
kind. With this object, believe that certain changes that part 
our Constitution regulating elections, should receive consideration. 
The present system proposal and investigation, the Membership 
Committee and the Blue List, are entirely good. But, after this, 
remains the power those who have not seen fit express any ob- 
jections they may have, the opportunity afforded the Blue List, 
those whose reasons may not have appeared sufficient the 
Board Direction, render verdict such importance that 
prudent man may well hesitate before accepts the risk, matter 
how well may qualified. more serious view that the pres- 
ent method may occasionally admit the inflicting wrong in- 
justice. believe, for these reasons, that the responsibility final 
election could entrusted the Board Direction with benefit 
the 

“Ten years continued interest the Society have not changed 
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these views. the contrary, they have become more firmly rooted 


With, and account of, the growth our membership and influence. 


(continued). 


hold that the reasons for our existence “The American So- 
ciety Civil Engineers’ are mainly not entirely professional. 
Chief among them the increase the dignity and influence the 
profession Civil Engineering, enlisting, corporate member- 
ship, the interest and co-operation all those who practice it, 
honorable methods, and with such degree education and experience 
demanded the standards which the Society has seen fit 
establish. this true, seems that every honorable and 
Civil Engineer has right expect admission, and that 
injustice done, not only the applicant but the Society and 
the profession, when this denied for reasons other than those 
want personal character professional acquirements. 

“Among the objections which apprehend will urged against the 
change that under the present system election the growth the 
Society has been great and that high standard membership has 
been maintained and even raised. This true, but may have been 
spite, and not consequence, certain features the Constitu- 
tion. certainly true that the progress the Society bears close 
relation to, and fair index of, the extent the scientific applica- 
tion the forces Nature the uses this Nation and that, 
the demand thus created, attributable the supply engineering 
ability and its professional organization. 

not lose sight the importance preserving the general 
interest the affairs the Society allowing the participation 
all members its elections. This feeling entitled much respect 
—is vital the best interests the Society—that step should 
tolerated which would impair it. But doubt the theory the 
expression this feeling voting for members works out prac- 
tice was intended. informed that not usual for more 
than per cent the corporate membership participate 
election, and also that not unusual receive ballots from which 
the name every applicant erased except that some friend 
the voter. 

“Now, since only small proportion the members take part 
elections, the votes cast not fully represent the sense the So- 
ciety. failure vote should, fairness, construed the silence 
which gives consent. fixed number blackballs radically wrong, 
since only the objectors are sure vote, and one-half one per cent 
the corporate membership can defeat any applicant. the vote 
still popular, least reasonable percentage qualified voters 
should required reject, and the failure vote should counted 
the absence objection affirmative. 

“Tt does not appear the best interest Society having the 
objects ours that small part its membership should have 
their power, for reasons which they either neglect are unwilling 
assign, control the membership. not say, and not 
believe, that such use the ballot often occurs, but the opportunity 
always exists, and for those reasons that hope see the anony- 
mous blackball abolished. this step, the Constitution would stand 
for fairness its election methods and would discountenance oppor- 
tunities prejudicial the prosperity the Society. 
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“The proposition contained the amendment substitute 
representative form proceeding for the present method election 
membership, transferring this most important function the 
Board Direction, body popularly elected men containing equal 
representation the membership from all sections the Country and 
the World. This Board, after correspondence, through the Blue 
List, with every corporate member, will proceed elect, and 
required this election, that least twenty-five out the thirty 
Directors shall participate, leaving margin five cover disabling 
causes, such vacancies, illness absence from the Country. The 
several Districts have chosen these men represent them, the amend- 
ment requires them careful and diligent preserving the 
character and ability the Society’s membership, and the Blue List 
will continue extend every member the invitation and oppor- 
tunity express his views freely yet confidentially concerning the 
fitness every applicant. believe, therefore, that the proposition 
presented the amendment will way tend impair the in- 
terest members the affairs the Society, but will rather serve 
regulate and confirm it. 

“Tt has been said me, correspondence with friends the sub- 
ject, that the proposition might place too great responsibility the 
Board. But not consider it. Under the present system, the 
Board Direction, after meetings which the attendance gen- 
erally limited, sends out the Society, through the Ballot List, the 
assurance that they have carefully investigated the character and 
qualifications certain applicants, and declares that they are fully 
qualified for admission the several grades. Does the formal act 
voting for the men they have thus recommended add this responsi- 
bility, particularly when the act election longer the act 
probable minority but full Board? should remembered 
that the election Honorary Members and Juniors, has already been 
entrusted this Board. 

beg press this consideration upon you. The man doubtful 
unknown professional position will naturally anxious for access 
the Society, and for its prestige. secure this, prepared 
accept the risk rejection. the other hand, should unfortunately 
understood that honorable eminence the profession does not 
confer security admission the Society, but that more less 
matter good-will the part minority, then the self-respect 
the man whose position has been secured education, character 
and experience will cause him hesitate subjecting himself 
the mortification rejection. The prospective gain may not 
apparent the risk incurred. For this reason, apprehend that the 
present system, continued, may operate the many 
who are most desirable members, while will not deter the appli- 
cation those who have much gain admission and little lose 
rejection. believe, therefore, that the proposed amendment will 
tend raise the standard membership. 

“The best work done placing responsibility the hands 
small body representative and qualified persons, such as, this 
case, the Board Direction. The issue the Blue List and the 
correspondence with members resulting therefrom, should put them 
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confidential possession all information properly bearing the 
availability candidates, and enable them rende: verdict un- 
questionable fairness. 
hope the Annual Meeting will see fit pass the proposed 
amendments vote the Society. 
“With great respect, 
“B. Harrop.” 


subject now open for discussion, Mr. 
Herschel. 

Mr. President and gentlemen, you understand 
that wrote this letter not knowing whether would here per- 
son, and because had strong opinions the subject, but course 
prefer address you directly. 

With great deal what Mr. written hearty 
sympathy, and yet here say that hope the amendment 
presented will not prevail. have been member this Society, 
must make confession certain kind, believe something like 
forty years, and every once while have had case come 
where most estimable men, standing high the profession, have been 
left out what very plainly nothing but exhibition and the 
result busy, petty spite. 

Now this sort thing does not belong the American Society 
Civil Engineers. This place for exhibition that sort. 
hurts the Society, and evidence that time has come, are 
all agreed that, imagine, certainly the proposers the amend- 
ment are agreed it, that that thing has got stop stopped. 

The modus operandi simple enough, twenty votes will exclude, 
around and get nineteen signatures and put your own and 
the man excluded. And well known, distinguished person 
has said, that you were circulate petition seeking the exclusion 
any man could get the signatures all right because many men 
signed without feeling the purport what they are signing. all 
know there difficulty getting nineteen men sign petition 
for any purpose. 

Now happen belong several other societies besides this one, 
like the Union Club Boston, the New England Water Works Asso- 
ciation, the Institution Civil Engineers London, the Century 
Association New York, commonly called the Century Club, and the 
Boston Society Civil Engineers, and took pains look the 
constitutions those societies, and know something their. work- 
ing 


the Boston Society Civil Engineers requires 167 votes 
the basis the 500 votes that ordinarily are cast the American 
Society Civil Engineers. the New England Water Works Asso- 
ciation also 167 votes. 
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have information, although not member the Society 
for the Engineering Education, that takes 126 
that Society. the Institution Civil Engineers London 
101. the Century Club, many you know, takes 101 votes 
exclude. the American Society Civil Engineers takes 20. 

seems me, looking the figures, that get right the 
trouble, the root the whole trouble. may said, fact, has 
been said, that the American Society Civil Engineers they have 
letter-ballot, and therefore everyone has opportunity vote, 
whereas the societies that have named, least some 
them, the meetings there are not 500 votes cast. give you that 
argument for what worth. only say that have had the pleasure 
attending the meetings The Institution Civil Engineers 
London; and London being more the center Great Britain, and 
Greater Britain, than New York the United States, the meetings 
are well attended. will not say whether more than five hundred were 
present not, not being expert the computation crowds. 
But there everyone has passed on. application goes first 
the Governors, just does our Society, and seems that 
that matter the letter-ballot must not stretched too great 
extent. the Century Club, society club, requires 101 votes 
exclude. The American Society Civil Engineers votes 
will the business. 

Now, the conduct societies, clubs, and other bodies, for that 
matter, there aristocratic method and there democratic 
method. There monarchical system and there republican sys- 
tem. You can very well see that throw such thing the per- 
petuation the Society, the continuation the membership, upon the 
government, not democratic republican form government. 

well aware that the government passes all those names 
the first place, and your attention that. They have their 
power now exclude man properly excluded. Why 
should they given any more such power? are the people. 
are power. Are going cut our own throats, commit hari-kari, 
and never get back again the powers which now have? 

perfectly content, would always content, have the 
government, than which society has ever had better representatives 
government than ours has—I very well satisfied have them 
tacitly exclude people not presenting their names us. That 
the way done the societies that have been speaking about. 
The government has its own rules. trust them. shall con- 
tinue trust them. But they pass man for election, for 
say whether will confirm, whether will allow the usual 
way take its course. 

some societies they even authorize the Secretary cast one 
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ballot, but done open meeting, but that different thing 
from putting the power that the Constitution. respectfully 
insist that for one greatly opposed that, and hope will 
not succeed. 

similar occasion public speaker said: hear lion the 
lobby roar. Shall let him and see whether can get him out 
again, shall keep him out?” hope you will keep him out. 

Tue the further pleasure the members? 

Mr. would only add that intention pro- 
pose amendment raising the number names and votes necessary 
exclude let say 101, 20%, the votes cast, and just 
soon can, under the Constitution, will submit that substi- 
tute for the present amendment. 

you submit what you have writing, Mr. 
Herschel 

Tue have one two other letters—they are rather 
short—on this subject, which might read. 


“JAN. 13, 1908. 
“Mr. Hunt, Secy., 
“920 57th St., 

quite opposed the proposed amendments 
Sections and Article III the Constitution for the following 

the proposed ratio negative votes order black- 
bali undesirable candidate has been raised such high rate, 
out 30, against the present ratio out more less. 

little known candidates will more liable get in, 
whether desirable not, because the Board Direction will have 
less knowledge them than the members their immediate district. 

“Associating engineers not rule wish write the 
Board all the reasons for the exclusion applicant, while they 
will frequently cast black ball against him. Again, members whom 
the candidate has secured vouch for him may not know much 
about him others whose names has not used. These latter not 
having their attention called pointedly his application may not 
use the opportunity should used. 

recall one case where the Board passed the applicant for admis- 
sion and the members turned him down, and wisely opinion. 

“Yours truly, 
Eno.” 


Hunt, 


“Secretary, American Society Civil Engineers, 
57th St., New York City. 
“My Mr. wish most earnestly that could 
present the Annual Meeting take part the discussion 
the proposed amendment the Constitution, and support that any 
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other measure which would tend prevent the abuse the privilege 
voting for new members the Society making this privilege 
means satisfying private spite personal prejudices. 

“The Society Civil Engineers something much more than 
private social club, and fulfill its highest functions and arrive 
the greatest degree usefulness, should include its membership 
all honorable and capable engineers. The requirements for member- 
ship should those laid down the Constitution. Recent events, 
however, would seem show that there are members the Society 
who are not big enough men take this higher view the privileges 
and duties membership. correctly informed these re- 
cent events, whereby some the finest men and best engineers 
the country have been excluded from membership account acts 
officially taken and officially approved and which way reflect 
their personal integrity their capacity engineers, think the mat- 
ter should presented the Society its strongest form and should 
receive clear mark disapprobation. 

“Tf there anything which can personally toward bringing 
about the needed reform, please count it. 

“Congratulating you your continued good work the Society 
and hoping for you the most prosperous New Year, 

“Very sincerely yours, 
“W. 


also have the following cable from London, from Corthell, 
Am. Soe. E.: 


“Record vote favor the proposed amendment, Article ITT, 
Sections and the Constitution.” 


further discussion upon the proposed amend- 
ment? The amendment offered Mr. Gowen, think, under 
consideration. 

Mr. understand Mr. Herschel say that this plan 
adopted was followed the Institution Civil Engineers London. 
They submit the proposals the membership voted on, have 
always understood, and think the case that they elect good 


deal propose here, council correspond with our Board. 
not right? 


Mr. 

Mr. stand corrected. have copy the Con- 
stitution and can find nothing the contrary it. simply wished 
bring that show that there one society which follows the 
method which proposed to-day. 

Mr. cannot read the Constitution the 
Institution Civil Engineers, but not long ago that looked 
up, and may say that have been present their meetings. 

THE question upon Mr. Gowen’s amendment; 
simply eliminates inconsistencies the Constitution the amend- 
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ment offered Mr. Harrod, and simply for the purpose com- 


Constitutional 
Amendments 
(continued). 


pleting the amendment offered Mr. Harrod make the 
same effective and consistent throughout the Constitution. 

Mr. move that this amendment adopted. 

Motion seconded. 

moved and seconded that that amendment 
adopted for the purpose completing the amendment Mr. 
Harrod and making the same consistent. Are you ready for the ques- 
tion? All favor the motion prevailing will say “aye”; contrary, 
“no.” The ayes seem have it; the ayes have it. 

there any further discussion upon the amendment submitted 
Mr. Harrod and now amended the amendment Mr. Gowen? 

agree get the amendment proper shape? does not mean all 
that are going adopt Mr. Harrod’s amendment. Why not get 
the amendment proper shape? 

Tue have got it. 

understand it, this amendment may 
amended any manner pertinent the amendment introduced, 
and must then submitted the membership for letter-ballot, and 
unless there further discussion upon the matter, further amend- 
ments pertaining the amendment offered, the subject matter will 
now sent out for letter-ballot the membership the Society. 

think cannot send out unless this meeting shall send out. 
that the case, would move amend reducing the number 
votes required for rejection from that proposed Mr. Harrod, which 
five, two, under the belief that five members the Board Di- 
rection would not likely receive the kind information which 
frequently available some members, which would lead re- 
jection undesirable candidates. motion amend Mr. Harrod’s 
amendment reducing the number votes required reject, from 
five two. 

the amendment the Constitution offered Mr. Harrod, 
changing the words “five more” “two more negative votes 
shall exclude from election.” understand aright? 

Mr. 

THE have heard the amendment, offered 
Mr. Williams. Are you ready for the question? 

Harte, Assoc. Am. Soc. President and 
Members, seems that reducing the number members who 
are required serve with black-ball rather mistake. The point, 
mind, this, that the evidence should the disposal all 
the members the Board Direction. should not limited 
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less than five. five the members, passing upon the evidence, 
not feel that sufficient, does not seem that two should 

not all the information contained the correspondence, result 
the sending out the complete list, the hands the Board Di- 
rection? not all that information turned over each them? 
They could not act intelligently unless was. That inference 
that get from Mr. Williams’ motion, that they were acting in- 
dividually. Now, all the information that handed regard 
any candidates should certainly before every member who 
vote. 

Tue the information that sent goes the 
Committee Membership, and they make their reports the Board 
Direction. The Board Direction considers all that submitted. 

Mr. the objections, understand, that the mem- 
bership will disfranchised. does not seem that they will. 
the first place, the nominations are made for the Nominating 
Committee the different sections. They all have vote. And the 
officers and directors this Society are vouched for and elected 
the membership large, but course, they have right vote 
any that they not think are suitable members, and free 
presumed, and think may be, that the nominees are men fully 
the average standing this Society; and therefore why can not 
leave these matters, the matter the entrance members, the 
hands the Board Direction which elected the Society 

further The motion upon 
the amendment offered Mr. Williams striking out the word 
“five” and substituting therefor the word “two.” 

those favor the amendment sub- 
mitted Mr. Williams will manifest saying “aye”; opposed, 
The noes seem have it. The noes have it. The amendment 
rejected. Any further discussion upon this subject? 

understand that the amendment proposed 
Mr. Herschel put out letter-ballot also, well the other 

THE think that the amendment, the substitute 
submitted Mr. Herschel not, under the Constitution, pertinent 
the amendment submitted. 

Mr. let lay the table? Must out 
letter-ballot? Can’t this meeting lay the table wants to? 

not think that the meeting has the power, 
under the Constitution, lay this matter the table, but may 
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amend such form desires and pertinent the amend- 
ment submitted, and such amended form must submitted 
letter-ballot the membership. The Secretary will please read 
the Constitution this matter. think explains itself. 

Mr. move that this amendment, offered, take 
effect the year 1999. 

Motion seconded. 

THE PRESIDENT. 
the Constitution. 


Tue clause the Constitution referring this 
amendment reads follows: 


amendments this Constitution must reduced 
writing and signed not less than five Corporate Members, and 
submitted and acted upon follows: 

presented the Secretary before the first 
Wednesday November shall sent letter the several Cor- 
porate Members the Society least twenty-five days previous 
the Annual Meeting. amendments shall order for discus- 
sion such Annual Meeting, and may amended-in any manner 
pertinent the original amendments majority vote the An- 
nual Meeting, and amended shall voted upon letter-ballot 
form amended the Annual Meeting; not amended, they shall 
voted upon letter-ballot submitted. The vote counted 
the first regular meeting March.” 


Just give your attenticn minute, please, 


Section however, the same Article, provides for another dis- 
position: 

after discussion proposed amendment, either the 
general meetings the Society, the meeting shall decide ma- 
jority vote, may refer the amendment Committee for further 
consideration, which Committee shall report the next general meet- 


ing, whereupon the amendment shall voted upon 
provided.” 


motion before the meeting. rise point order, and claim 
that Mr. Herschel’s motion out order throws into this 
meeting the decision this question instead sending the 
Society, required the Constitution. 

Tue should rule that the effect Mr. Herschel’s 
motion would negative the effect the amendment such extent 
equal rejection, and for that reason not order. 

Mr. this subject mind, will beg the 
meeting’s pardon for speaking often it. have not spoken much 
previous meetings for good many years back, but, referring 
the decision the Chair, will say that the only reason amend- 
ment was offered was that the stress emergency must 
something. But the Secretary has shown how this proposed amend- 
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ment can discussed without sending out once letter-ballot, 
and will move, Mr. President, that that Constitutional method 
followed—I not recall now precise terms—of appointing 
committee. 

Tue report the next General Meeting? 

Mr. have discussed, and should very 
glad have the Chair appoint committee. 

Motion seconded. 

Tue understand Mr. Herschel’s motion, 
that this matter the amendment offered Mr. Harrod, and 
amended Mr. Gowen, referred Committee report the 
next General Meeting the Society. correct, Mr. Herschel 

Mr. committee appointed consider the 
subject prescribed the Constitution. 

Mr. will support that motion, and would like 
say, for the benefit both the friends and the enemies this pro- 
posal, that feel quite sure, from own observation the feelings 
the members this Society outside this immediate region, that 
its present form that amendment will defeated. 

making the proposal did, did hopes that might 
put form which would acceptable the members. Now think 
will well refer this committee, and hope that this com- 
mittee will consider it. 

The matter selecting the membership any organization 
the most serious problem that has before it, and think that 
should not likely into any proceedings alter the business 
usage, adopt new usage, without thorough and proper considera- 
tion both those who are favor the change and those who are 
opposed it. 

This amendment comes has evidently been drawn 
some who favor that particular form procedure. The other side 
should have opportunity discuss that matter thoroughly 
committee, order that desirable middle ground, one can 
found, should presented the Society for its adoption. 

Tue brief interruption. The time for the clos- 
ing the ballot for officers for the ensuing year having arrived, will 
now declare the ballot closed, and the tellers will proceed with the 
count and make the report soon possible. 

Hovey, Am. Soc. E.—Is fact that the present 
method electing members the Society results rejecting many 
worthy applicants? outside members not get much informa- 
tion that subject, and when come vote this matter vote 
rather ignorantly. not know. The parties who manage at- 
tend the regular meetings get that information, but not, 
seems that the general meeting might informed somewhat more 
fully these matters. 
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Tur the request the President, may say, sir, 
being somewhat conversant with the matter, that there have been very 
few rejections ballot late, that is, since the introduction the 
present method application, which applicant does not apply 
for specific grade, but applies for admission only, and classed 
the Board and his consent the classification obtained. His name 
sent out the ballot, and, since the form ballot has been changed, 
there have been very few rejections. believe that that answers the 
question. 

another question, however, that necessary 
make that information complete. understand that the Board 
Direction has complete under the Constitution, refuse 
submit name vote. Undoubtedly exercises that power where 
has strong suspicion that the candidate might blackballed, even 
though thinks perfectly eligible. not that so, Mr. Chairman 

not know that that one the reasons 
that actuate the Board, but they have the power, and exercise 
the power, refusing submit names applicants ballot, but, 
the motives which prompt them refuse, not know. That 
within the mind each one the members the Board. 

The question the motion made Mr. Herschel, seconded 
Mr. Williams. Will you kindly state the number that committee— 
five three? 

Mr. not strenuous that point, the slight- 
est degree. 

make the motion complete. 

Mr. think five good working committee. 

Tue you ready for the question? 

Tue the matter the subject this amend- 
ment, submitted Mr. Harrod, and amended Mr. Gowen. 
referred committee five with directions report thereon 
the next General Meeting this Society. 

Tue should like ask, for the sake the record, 

Mr. suggestion was the Chair, but not 
strenuous that point either. 

would like inquire whether that amendment, 
presented Mr. Harrod, not the work committee? 

Tue Presipent.—No. 

the Constitution provide that must submit 
this Committee the Convention 

The requisite number Corporate Mem- 
bers may submit amendment within specified time the pro- 
posed meeting, and amendment proposed may amended 


Discussion 
Constitutional 
Amendments 
q 
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such meeting and thereafter shall submitted letter-ballot. 
does not necessarily have referred committee, but may 
referred. 

this meeting decide the matter without referring any 
committee, and let pass immediately the outside members who 
shall ultimately determine whether the amendment shall prevail. 
seems waste time defer action for another year. 

Various 

Tue those favor the motion made Mr. 
Herschel that the subject matter referred committee five 
will manifest saying “aye”; opposed, “no.” The ayes seem 
have it; the ayes have it. The matter referred, the committee 
appointed the Chair? 

Mr. was motion. 

Tue have another amendment the Constitu- 
tion. 

attention the next proposed amendment. 
Tue December 12th, 1907, the Secretary received 

two proposed amendments the Constitution. called the at- 
tention the Member who transmitted them Article the 
Constitution, the language which seems provide that any pro- 
posed amendment, order brought before the Annual Meeting, 
must (1) “presented the Secretary before the first 
Wednesday November,” and (2) “sent letter the several 
Corporate Members the Society least twenty-five days previous 
the Annual Meeting.” The contention was then made that the 
first these requirements was intended merely for the purpose 
providing sufficient time for the preparation letter the Corpo- 
rate Members proper form; and, that the second provision were 
complied with and such letter mailed time, the amendments could 
legally considered the Annual Meeting. 

Under these conditions, the Secretary forwarded the letter the 
Corporate Membership, thus placing the interpretation the Con- 
stitutional requirement before the Annual Meeting. 

seems that the Constitution very 
plain and specific this matter submitting amendments, and that 
would not wise deviate from the specific terms the Con- 
stitution, for fear may establish precedent which might used 
hereafter for ignoring specific clauses the Constitution, when 
might deemed convenient for some purpose other; and for that 
reason must hold that the amendments not having been submitted 
required Section Article the Constitution, the same are 


Other 
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not properly before this meeting for discussion. regret make this 
ruling, but simply strict conformity with the Constitution, and 
make for the purpose that have outlined before, although may 
harmony with the object and purposes specified set forth 
the communications. 

Tue President, the Secretary has more busi- 
ness bring before the meeting. The report the Tellers, in- 
formed, will ready about ten minutes. There might some 
point regards the programme which some member present does not 
understand, and so, should very glad give him any informa- 
tion that may desire. 

Announce- the time the excursion for to-morrow? 
Tue excursion to-morrow will leave the foot 
West Twenty-second Street, via the steamer Glen, promptly ten 
the morning. 

good day will probably the Hudson River and 
through the Ship Canal and the Harlem River, and get our lunch be- 
fore going Blackwell’s Island. will get back New York 
the early afternoon, about half past four five, landing some 
place the East River, think Twenty-fourth Street. 

For the excursion this afternoon let again remind the members 
that the party will not start from this house. has been found 
difficult get party together after lunch, that has been thought 
advisable make appointment far away possible from this 
house and fix the time. The place the corner Thirty-third 
Street and Ninth Avenue, and the time 3.15. would have liked 
give the members little more time here for lunch, but, is, 
there will just about enough time for members see all there 
see the terminal work and the tunnel, and emerge about 

Messrs. Clark, O’Brien and Leighton and some others the en- 
gineers will meet the party and through the tunnel with them. 

The President asks announce all members the Board 
Direction that there will meeting the Board immediately 
after the adjournment this meeting, the Board room the first 
floor, the right the entrance, and ask all members the Board 
come promptly because there some business finished before 
lunch. 

business the programme having, far 
this meeting concerned, been completed, would ask any mem- 
ber the Society has anything bring before this meeting 
this time? not leave the room. There plenty time 
lunch after complete this work. 

(Brief recess.) 
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Gentlemen, you will please come order, and will proceed with 
the final business this meeting. You will please give your attention 
the report the Tellers which will read the Secretary. 


Tue Tellers report follows: 
Total number ballots 914 
Defective: Without 
Voted Nominating Committee blank... 


For President: 


Edward Thacher 
Allen Hazen 
Boller 


Richard Montfort 
Onward Bates 


Goodrich 
Robert Shailer 
Sherrerd 
Wilgus 
Bensel 


For 


Hollyday 
August Ziesing 
Daniel Bontecou 


Henry Richardson 
Thomas Alfred Leisen 
Kenneth Allen 


Edgar Marburg 
Harrod 
Fendall 


: 
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Van Alstyne 
Landreth 
Graham 
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Treasurer: 

For Directors: 

Johnson 


: 


Respectfully submitted, 
Van 
Tellers. 
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result the ballots cast the members, 
gentlemen the American Society Civil Engineers, declare 
Mr. Charles Macdonald elected President for the ensuing year; 
Mr. Mordecai Endicott and Mr. Swain are elected Vice-Presi- 
dents for the ensuing two years; Mr. Joseph Knap Treasurer 
for the ensuing year; and Directors for the ensuing three years 
Mr. Charles Harrison and Mr. George Kittredge, New York 
City, for District No. Mr. Dexter Brackett, Boston, Mass., for 
District No. Mr. Horace Andrews, Albany, Y., and Mr. 
Gardner Williams, Ann Arbor, Mich., for District No. and 
Mr. Charles Churchill, Roanoke, Va., for District No. 

upon Past-Presidents Schneider and Stearns escort the 
President-elect the rostrum. 

Gentlemen, last duty will turn over your incoming 
President the gavel emblem authority presiding officer 
this Society; and doing wish express sincere thanks and 
hearty appreciation The American Society Civil Engineers for 
the honor which has conferred upon me, and for the good will and 
assistance that has been given the Board Direction, and 
all the Officers your Society. now have the pleasure introducing 
you your newly elected President, Mr. Charles Macdonald, 
whom present the gavel authority. 

Mr. Benzenberg and gentlemen, accept the 
honor which you have graciously conferred upon with profound 
sense appreciation its importance, well its responsibili- 
ties. have been removed from active participation professional 
matters for some years, and therefore comes specially 
delightful surprise called upon preside over this august body. 
feel, however, that should tempered with some doubt 
ability always meet your expectations fulfilling the duties the 
President they should fulfilled. consoled with 
the thought that notwithstanding the difficulties that may arise the 
lapses that may guilty of, can always rely upon your loyal sup- 
port, and that whatsoever conserves the interests the Society your 
cordial co-operation will always available promoting both ma- 
terial and professional advancement organization which has 
been such inestimable benefit all, The American Society 
Civil Engineers. 

Tue President, you think you could add any 
emphasis the call for the meeting the Board Direction? 

business has been practically concluded, 
understand it, Mr. Secretary. This meeting will adjourn for 
lunch, but must ask the members the Board Direction come 
immediately the Board Room, and perfect the organization the 
Board. difficult matter get sufficient number present 


Officers 
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effect legal organization, and therefore have request that you 
will immediately the adjournment proceed the Directors’ Room. 
You will not detained, least more than half hour. This meet- 
ing now adjourned. 

Tue President, may say one word before the 
members leave the room, although the meeting 
vision has been made serve lunch portion the membership 
this room. not know how many there are downstairs, but 
can seat about four hundred the room downstairs. may that 
you can all get there, but doubt it, and those who cannot will 
served here. 


Adjourned. 
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REPORTS SPECIAL COMMITTEES. 


PROGRESS REPORT 
SPECIAL COMMITTEE RAIL SECTIONS. 


6TH, 1907. 

Committee respectfully report that, following 
their report May 31st, 1907, they have continued their investigations 
and deliberations, and, based them, now recommend that the chemi- 
cal specifications for rails made the Basic Open-Hearth process 
last reported them, and which reads Manganese for rails, 
per yard, shall have that element 0.75 1.00%; per 
yard, 0.80 1.05%; 100 per yard, 0.80 1.05%, altered 
specify—not exceed 0.90% for all sections. 

Your Committee have given careful consideration the revision 
sections for the heavier rails, and while they are not yet prepared 
submit definite sections, they are continuing their own investiga- 
tions, together with consultations with railway engineers and com- 
mittees other organizations, and, pending complete report, they 
recommend the following, giving more detail the principles recom- 
mended our former report upon which they believe sections heavier 
than per yard should designed. this connection, your 
Committee deem proper state that the “Committee Standard 
Rail and Wheel Sections” the American Railway Association, and 
which Committee your Society represented, have recommended 
its Society the same principles, which are: 

(a) There should such distribution the metal between the 
head and base ensure the best control temperature 
the manufacture the rail. 

(b) The percentage metal the base rail should preferably 
equal slightly greater than that the head, and the 
extremities the flanges should sufficiently thick per- 
mit the entire section rolled low temperatures. The 
internal stresses and the extent cold straightening will 
reduced this means minimum, and the same time 
the texture the section will made approximately homo- 
geneous. 

The sections should proportioned possess great 
amount stiffness and strength may consistent with 
securing the best conditions manufacture and the best ser- 
vice. 

(d) The following limitations dimension details the sec- 
tions are considered advisable for the various weights per yard: 

width the base in. less than the height. 
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fishing angles not less than and not greater 
than degrees. 

thickness the base greater than the existing 
sections corresponding weight. 

sections corresponding weight. 

V.—A fixed percentage distribution metal head, web, and 
base for the entire series sections need not adhered to, but each 
section series can considered itself. 

radii the under corner the head, and top and bot- 
tom corners the base, small practicable with the colder 
conditions rolling. 

radii the fillets connecting the web with head and base 
great possible, for purposes, consistent with 
securing the necessary area for bearing surface under the head, for 
the top the splice-bar. 

sides the should vertical, nearly so. 

radii the top corners the head should not less 
than in., long the wheels continue under the present standard 
the Master Car Builders’ Association. 

your Committee have knowledge that several large railway sys- 
tems are about having rails rolled somewhat different sections, but 
all based upon the foregoing principles, and the American Railway 
Association have submitted their members uniform series 
blanks upon which full details rail failures are reported, and 
which your Committee expect have access, they hope pre- 
pared the comparatively near future present your Society for 
your consideration full series sections for the heavier rails. 


respectfully remain, 


Jos. Chairman; 

Joun Isaacs, 

Turner, 

Gro. 

Carter, 

Secy. 
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PROGRESS REPORT 
SPECIAL COMMITTEE UNIFORM TESTS CEMENT. 


1907. 
Mr. AND MEMBERS, 


Your Special Committee Uniform Tests Cement begs leave 
present the following changes its previous Progress Reports 
January 21st, 1903, and January 20th, 1904. 

Paragraph strike out the word “all” the beginning the 
sentence. Omit, Paragraph under “Chemical Analysis,” the fol- 
lowing: “While not recommending definite limit for these impuri- 
ties, the Committee would suggest that the most recent and reliable 
evidence appears indicate that, for Portland cement, magnesia the 
amount 5%, and anhydride the amount 1.75%, may 
safely considered harmless.” 

“Method.—As method followed for the analysis cement, 
that proposed the Committee Uniformity the Analysis 
Materials for the Portland Cement Industry, the New York Sec- 
tion the Society for Chemical Industry, and published Engineer- 
ing News, Vol. 50, Page 60, 1903, and The Engineering Record, 
Vol. 48, Page 49, 1903, recommended.” 

Under “Specific Gravity,” omit Paragraph 10. Paragraph 13, 
strike out the words, “Previously dried 100° (212° F.) and”. 

Amend Paragraph that the formula will read, 


Weight Cement, grams, 
Displaced Volume, cubic centimeters. 


Add, the end Paragraph 16, the following: “The determina- 
tion specific gravity should made the cement received; 
and, should fall below 3.10, second determination should made 
the sample ignited low red heat.” 

Amend Paragraph 22, read: 

“The wire cloth should brass wire having the following 
diameters 

Insert the word “steel” Paragraph 26, next the last sen- 
tence, the paragraph read, “The work may expedited placing 
the sieve small quantity large steel shot.” 

Strike out Paragraph 47, and add foot note Paragraph 46. 

Amend Paragraph striking out the first sentence and insert- 
ing: 

ethod.—The moulds should filled immediately after the mix- 
ing completed, the material pressed firmly with the fingers, and 


smoothed off with trowel, without mechanical ramming.” 


Gravity 


4 
| 
| 
4 
q 
g 
Fe 
Wat 
4 


COPPER BOILER 
Boiler made sheet copper weighing 0z. per ft., tinned inside. 
vents All seams lapped where possible.Hard solder used only 
3 % Steam vents 
a 
Cover 
4 iron wire iron wire 
soldered 


4 pipe for connection to 


‘Rubber stopper 
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iron wire formed on a rim piece of 1¢ 
galvanized iron wire.Size mesh 


Flexible rubber tube 


Cock 


Constant-Level Bottle 
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Strike out the last sentence Paragraph 72, and insert similar 
pat, after hours moist air, maintained air ordinary tem- 
perature and observed intervals.” 

Paragraph 73, change the duration the tests from 
hours, and insert the end the paragraph “the apparatus recom- 
mended for making these determinations shown Fig. 6.” 

Your Committee has under consideration number important 
problems, among which may mentioned: 

(1) The formulation specification for standard sand, deter- 
mining the character, size and shape grain necessary produce 
uniformity 

(2) The form briquette and clips tension tests, and the form 
test pieces compression tests; 

(3) The determination the proper percentage water for use 
with sand mixtures; 

(4) Proper methods for making compression tests; 

(5) The best method for the determination soundness con- 
stancy volume. 


view these investigations now pending, your Committee asks 
that continued. 


Respectfully submitted behalf the Committee. 


WEBSTER, 
Chairman; 


Secretary. 


CoMMITTEE: 


WEBSTER, 

RICHARDSON, 

Howe, 

Lewis. 
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PROGRESS REPORT 
SPECIAL COMMITTEE CONCRETE AND REINFORCED 
CONCRETE. 


1907. 
Mr. MEMBERS, 


American Socrety ENGINEERS: 


Your Special Committee Concrete and Reinforced Concrete 
desires submit the following progress report. 

The work collating the existing literature and the results 
previous investigations has reached stage where partial reports have 
been received from all, and complete reports from many, the sub- 
committees having this matter charge. 

The co-operation with similar committees from the several societies 
composing the Joint Committee, and with the United States Geologi- 
Survey, the investigations the constituent materials of, and 
the strength and properties concrete, and the strength re- 
concrete, has been continued during the year. 
amount information being collated which expected will serve 
basis for the preparation the report the Society. 

Your Committée expects present preliminary report the next 
Annual Meeting. asks that continued. 


Respectfully submitted behalf the Committee. 


ScHNEIDER, 


Secretary. 
CoMMITTEE: 
Swensson, 
Horr, 
Worcester. 
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EXCURSIONS AND ENTERTAINMENTS THE 
ANNUAL MEETING. 


Wednesday, January 15th, 1908.—After the Business Meeting, 
lunch for about 650 was served 1.30 M., the Society House. 

3.15 there was excursion the tunnels the Pennsyl- 
vania Tunnel Terminal Railroad Company, invitation Alfred 
Noble, Am. Soe. E., Chief Engineer, East River Division, and 
George Gibbs, Am. E., Chief Engineer Trac- 
tion. The party was met Thirty-third Street and Ninth Avenue 
representatives Westinghouse, Church, Kerr Co., and the United 
Engineering and Contracting Company, and conducted past the exca- 
vation for the terminal tracks under the proposed Post Office, through 
the Service Building and the site the Station. The baggage and 
pipe subways were inspected, and the party was taken through the 
tunnels from Fourth First Avenues. 

M., there was reception, with dancing, the Society House 
which the attendance was about 350. 


January 16th, 1908.—The day was devoted ex- 
cursion steamer the Blackwells Island Bridge invitation 
Ingersoll, Jr., Chief Engineer. The party met the pier 
the foot West Twenty-second Street (North River), and embarked 
the steamer Glen, kindly furnished through the courtesy Hon. 
John Starin and Gen. Howard Carroll. The steamer proceeded 
the North River and through the Harlem Ship Canal and the Harlem 
River, thus affording good view the numerous bridges. Lunch 
was served route. Blackwells Island stop was made and the 
cantilever bridge course erection was inspected. The party was 
landed the Recreation Pier, East Twenty-fourth Street, about 
4.30 

the evening, the Society House, there was social and in- 
formal “Smoker,” which there was attendance about 700. 

The following list contains the names 653 members, various 
grades, who registered being the Annual Meeting. 
The list incomplete, about members failed register, and 
does not contain the names any the guests the Society 
individual members. The number guests estimated 400. 


Aiken, A......Pittsburg, Pa. Alexander, J..New York City 


Albertson, York City 
Alden, A.........Steelton, Pa. 
Alderman, E., 
Springfield, Mass. 
Alderson, B., 
West Hartford, Conn. 


Allardice, B., 

Clinton, Mass. 
Allen, H...... New York City 
Andrews, H....... Albany, 
Armstrong, S..New York City 
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San Francisco, Cal. 
Ashbridge, D., 
Downingtown, Pa. 
Ashmead, H...New York City 
Aspinwall, T....Brookline, Mass. 
Atwood, C..... Yonkers, 
Atwood, G....Cleveland, Ohio 
Auryansen, F..... Jamaica, 


Babcock, S...New York City 


New York City 
Baker, S.....Philadelphia, Pa. 
Baldwin, 


Barker, T., 
Philadelphia, Pa. 
Barney, C..... New York City 
Bates, B........Roanoke, Va. 
Beahan, W.......Cleveland, Ohio 
Beerbower, M..New York City 
Belknap, M....New York City 
Bellinger, F., 
Bath Beach, 


Belzner, T....... New York City 
Bensel, A...... New York City 
Benton, S..... New York City 


Benzenberg, 


Milwaukee, Wis. 
Bettes, R., 


Far Rockaway, 


Blakeley, 
South Bethlehem, Pa. 
Blakeslee, C...New Haven, Conn. 
Blanchard, 
Providence, 
Blanchard, M....New York City 


[Society 


Boardman, E..New York City 
Boller, P., Jr., 
East Orange, 
Booth, W...... New York City 
Boucher, J...New York City 
Bowman, L....New York City 
Brackenridge, C., 
Richmond Hill, 
Brackenridge, A., 
Niagara Falls, 


Brackett, D........ Boston, Mass. 
Bradley, E....New York City 
Brainard, O...... New York City 


Bramwell, W..New York City 
Bremer, P..Mt. Verrion, 
Brendlinger, F., 
Philadelphia, Pa. 
Breuchaud, J..... Yonkers, 
Brodie, L., 
West New Brighton, 
Brown, Grand, 
Rochester, 
Brown, G.....New York City 
Brown, P.....New York City 
Brown, E.....New York City 
Bryan, W., 
New Rochelle, 
Bryson, A.......New Castle, Del. 
Buck, R.....Hartford, Conn. 
Buck, L., 
Hastings-on-Hudson, 
New York City 
Buffinton, River, Mass. 
Burbank, 
White Plains, 
Burgess, H....New York City 
Burpee, M..........Houlton, Me. 


Caldwell, E..... Newton, 


Beugler, J.....New York City 
Bissell, H..........Boston, Mass. 
Burr, H.......New York City 
Bush, W.....Hartford, Conn. 


Carothers, D...Baltimore, Md. 
Carter, H...Cambridge, Mass. 
Chadwick, R...New York City 
Chamberlaine, L., 

Baltimore, Md. 
Chambers, York City 
Chase, Bedford, Mass. 
Chester, N...... Pittsburg, Pa. 
Christian, L...New York City 
Churchill, Roanoke, Va. 


Clapp, B...... Pasadena, Cal. 
New York City 
Clarke, C...... New York City 


Closson, New York City 


Coffin, Amory, 


South Orange, 
Coffin, A..South Orange, 
Cohen, W..... Harrisburg, Pa. 
Cole, 

Upper 
Cole, N., 

Upper 
New York City 
Collier, C...... New York City 
Collingwood, F...Elizabeth, 
Conger, A..... New York City 
Cook, A....Jersey City, 


Cornell, York City 
Cowles, Boston, Mass. 
Crane, New York City 
Oraven, A........ Yonkers, 


Crehore, W....New York City 
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Cresson, F., York City 
Crowell, Foster...New York City 
Cushing, C..... Pittsburg, Pa. 


Daggett, W..... Boston, Mass. 
Dahm, Sverre.....New York City 
Dailey, A...East Orange, 
Dakin, H., Jr..New York City 
Davis, L....... New York City 
Davis, E., 


Browns Station, 
New York City 
Davis, B........Boston, Mass. 
Dempster, J., 


Little Falls, 

Witt, H....Weatherly, Pa. 
Wyrall, C., 

Ridgefield Park, 

Deyo, F..... New York City 

Diamant, H...New York City 


Dimon, Y.....New York City 
Elizabeth, 


Dorrance, T...New York City 
Dougherty, E..New York City 
Douglass, C., 

Niagara Falls, 
Downes, K....New York City 
Dunham, F....New York City 
Dunlap, C....Philadelphia, Pa. 


Steelton, Pa. 
Easby, W....Philadelphia, Pa. 


Easterbrook, J., 

New Haven, Conn. 
Eddy, P......Worcester, Mass. 
Edwards, H....New York City 
Ehrbar, H.....New York City 
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Elwell, London, Conn. 
Ely, B........Harrisburg, Pa. 
Erlandsen, O..... New York City 


Farley, M..... New York City 
Farnham, R., Jr., 
Washington, 
Farnum, N....New York City 
Ferguson, R., 
East Orange, 
Fetherston, T., 
New Brighton, 
Fisher, D...... New York City 
Fisher, T.....New York City 
Fisher, Wager...Bryn Mawr, Pa. 


Forbes, M........Greensburg, Pa. 


Ford, H....Philadelphia, Pa. 
Fougner, H.......New York City 
Francis, B..... New York City 
Franklin, B..... Philadelphia, Pa. 
Fraser, E., 

Richmond Hill, 
Frazee, H..... New York City 
French, H....Brookline, Mass. 
French, W...Worcester, Mass. 


French, B..... New. York City 
Frost, H.......New York City 
Fuller, W..... New York City 


Fuller, B......New York City 
Fuller, E..... Brooklyn, 
Furber, C...Philadelphia, Pa. 


[Society 


Gagel, E......West Haven, Conn. 
Gandolfo, H...New York City 
Garrigues, .Wilmerding, Pa. 
Gartensteig, C....New York City 


Gifford, E..... New York City 
Giles, L..... Providence, 
Gilman, C...E. Cambridge, Mass. 
Goad, E...... Toronto, Canada 
Goodrich, P...New York City 
Grady, B..West Orange, 
Grant, H..... Red Bank, 
Green, N...... New York City 
Green, M...... New York City 


Greene, C...South Orange, 
Greene, S., York City 
Greenlaw, W., 

Cold Spring, 
Gregory, E...Mt. Kisco, 
Grover, C..... New York City 


Hadsall, H....... Chicago, 
Hague, A...... New York City 
Haight, New York City 


Haines, W...Philadelphia, Pa. 
Haines, 

Richmond, Hill, 


New York City 
W...... New York City 


Hansel, Charles...New York City 
Haring, Alex.....New York City 
Harris, M..... New York City 


| He 
g Ho 
| 


Harris, W....Amarillo, Texas 
Harrison, W., 

Jersey City, 
Harte, R...New Haven, Conn. 
Hartwell, H......New York City 
Harwood, A....New York City 
Hasbrouck, O........Troy, 
Haskins, J....New York City 
Hatton, C...Wilmington, Del. 
Hauck, W........Brewster, 
Haviland, A......New York City 
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ANNOUNCEMENTS, 


every day, except Sundays, Fourth July, Thanksgiving Day, and 
Christmas Day. 


MEETINGS. 


Wednesday, March 4th, 1908.—8.30 M.—Ballots for member- 
ship will canvassed, and paper entitled “Effect Earthquake 


Shock High Buildings,” Chew, Assoc. Am. E., 
will presented for discussion. 


This paper was printed Proceedings for January, 1908. 


Wednesday, March 18th, 1908.—8.30 this meeting, 
paper entitled “The Electrification the Suburban Zone the New 
York Central and Hudson River Railroad the Vicinity New 
York City,” William Wilgus, Am. Soc. E., will pre- 
sented for discussion. 


This paper printed this number Proceedings. 


PAPERS AND DISCUSSIONS. 


the last meeting the Board Direction, recommendation 
the Publication Committee with regard papers was adopted. 
This recommendation was the following effect: 

(1).—That future, all papers accepted the Publication Com- 
mittee shall classified the Committee with respect their avail- 

ability for discussion meetings. 

(2).—That papers which, from their general nature, appear 
character suitable for oral discussion shall published here- 
Proceedings, and set down for presentation future meet- 
ing the Society, and that, these, oral discussion well written. 
communications, shall solicited. 

(3).—That all papers which not come under this heading, that 
say, those which, from their mathematical technical nature, 
the opinion the Committee, are not adapted oral discussion, 
shall not scheduled for presentation any meeting. That such 
papers shall published Proceedings the same manner those 
which are presented meetings, but that written discussions 
only shall requested for subsequent publication Proceedings and 
with the paper the volumes Transactions. 


* * *% * * 


President the Society wishes announce that, carry out 
further the idea this ruling the Board, will his endeavor, 
presiding the meetings the Society, confine the discussions 
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interchange opinion. may that this will exclude the read- 
ing all written discussions, but will exclud presentation 
written communications which are similar the papers 
which the Committee authorized print without presentation 
meeting. 

The President requests the assistance members making the 
meetings the Society more interest, and this can done each 
member who wishes discuss paper, will throw aside his manuscrip* 
for the time being, has written one, and talk directly the meet- 
ing, bringing out such points seem him interest. Whether 
has prepared discussion the subject not, ample time will 
given for the revision any remarks made. The stenographer’s 
port what each person has said discussion always mailed 
him, and liberty enlarge upon and amend any 
way, or, sees fit, request that not published all. 

While the attendance the meetings the Society has increased 
very much the past year so, felt that much more interest 
might developed more general and informal exchange ideas, 
and that this the real object holding meetings. The subsequent 
publication intended preserve what valuable the points that 
have been brought out such discussion and the written com- 
munications received from those who were not able present 
the meetings. 


ANNUAL CONVENTION. 


The Fortieth Annual Convention the Society will held 
Denver, Colo., June 23d 26th, 1908. 

The general arrangements for the Convention are the hands 
the following Committees: 


COMMITTEE THE BOARD DIRECTION. 


LOCAL COMMITTEE. 

Jaycox, 

BEELER, 
Prince, 
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PRIVILEGES ENGINEERING SOCIETIES 
SOCIETY CIVIL ENGINEERS. 
Members American Society Civil Engineers will wel- 
comed the following Engineering Societies, both the use their 
Reading Rooms and all meetings: 
North England Institute Mining and Mechanical Engineers, 
Newcastle-upon-Tyne, England. 

Society Engineers, Victoria Street, Westminster, 
England. 

American Institute Mining Engineers, West Thirty-ninth 
Street, New York City. 

Boston Society Civil Engineers, 715 Tremont Temple, Boston, 
Mass. 

Civil Engineers’ Club Cleveland, 718 Caxton Building, Cleveland, 
Ohio. 
Engineers’ Club St. Louis, 3817 Olive Street, St. Louis, Mo. 
Engineers’ Club Philadelphia, 1122 Girard Street, Philadelphia, Pa. 
Engineers’ Society Western Pennsylvania, 803 Fulton Building, 
Pittsburg, Pa. 

Western Society Engineers, 1737 Monadnock Block, Chicago, 

Louisiana Engineering Society, 604 Tulane-Newcomb Building, 
New Orleans, La. 

Engineers’ Club Central Pennsylvania, Corner Second and 
Walnut Streets, Harrisburg, Pa. 

Engineers’ and Architects’ Club Louisville, Ky., 303 Norton 
Building, Fourth and Jefferson Streets, Louisville, Ky. 

Teknisk Forening, Vestre Boulevard 18-1, Copenhagen, Denmark. 

des Civils France, Rue Blanche, Paris, 
France. 


Svenska Teknologforenigen, 18, Stockholm, 
Sweden. 

Institute Marine Engineers, Romford Road, Stratford, Lon- 
don, E., England. 

Midland Institute Mining, Civil and Mechanical Engineers, 
Sheffield, England. 

Sachsischer Ingenieur- und Architekten-Verein, Dresden, Ger- 
many. 

dos Engenheiros Civis Portuguezes, Lisbon, Portugal. 

Pacific Northwest Society Engineers, 617-618 Pioneer Build- 
ing, Seattle, Wash. 

Institution Naval Architects, Adelphi Terrace, London, 
England. 
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Memphis Engineering Society, Memphis, Tenn. 
Oesterreichischer und Architekten-Verein, Eschen- 
bachgasse Vienna, Austria. 
The Junior Institution Engineers, Victoria Street, West- 
minster, W., London, England. 
Institution Engineers the River Plate, Buenos Aires, Ar- 
gentine Republic. 
Sociedad Colombiana Ingenieros, Bogota, Colombia. 
Australasian Institute Mining Engineers, Melbourne, Victoria, 
Australia. 
Cleveland Institute Engineers, Middlesbrough, England. 
Civil Engineers’ Society St. Paul, St. Paul, Minn. 
Koninklijk Instituut van Ingenieurs, The Hague, The Netherlands. 
Rochester Engineering Society, Rochester, 
Brooklyn Engineers’ Club, 197 Montague Street, Brooklyn, 
Montana Society Engineers, Butte, Montana. 
Canadian Society Civil Engineers, 877 Dorchester Street, Mon- 
treal, Que., Canada. 


SEARCHES THE LIBRARY. 


January, 1902, the Secretary was authorized make searches 
the Library, upon request, and charge therefor the actual cost 
the Society for the extra work required. Since that time many searches 
have been made, and bibliographies and other information special 
subjects furnished. 

The resulting satisfaction, the members who have made use 
the resources the Society this manner, has been expressed fre- 
quently, and leaves little doubt that, were generally known the 
membership that such work would undertaken, many would avail 
themselves it. 

The cost trifling, compared with the value the time en- 
gineer who looks such matters himself, and the work can per- 
quite well, and much more quickly, persons familiar with 
the Library. 

asking that such work undertaken, members should 
clearly the subject covered, and whether references general 
beoks only, are desired, whether complete bibliography, involving 
search through periodical literature, desired. 

reference this work, the Appendix* the Annual Report 
the Board Direction for the year ending December 1906, con- 
tains summary all searches made that date. 


*Proceedings, Vol. XXXIII, (January, 1907). 
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ACCESSIONS THE LIBRARY. 


(From January 7th February 10th, 1908.) 


DONATIONS.* 
ECONOMICS RAILWAY OPERATION. 


672 pp. New York, The Engineering News Publishing Company; 
London, Archibald Constable Company, Limited, 1908. $5.00 net. 


this book, together with description the development the principles which 
have produced the mechanism and those which underlie its economic use. 
The author states that has attempted make each detail railway operation 
clear order that the head each department may study the workings his 
own and those all other departments whole, and thereby better his under- 
standing both. Working instructions, forms, etc., the most important railway 
systems now operation have been used many cases illustrate the subject 
treated. other cases the data have been eliminated order bring out the 
important features the subject more clearly. The Contents are: Organization 
Employment, Education and Discipline Accounts and Accounting; 
Reports; Economic Operation: General; Maintenance Way and Structures; 
Machinery Department Operation; Transportation; Freight Traffic Department; 


Other Departments; Analysis Operations and Control Expenses; Betterments. 
There index six pages. 


ANALYSIS ELASTIC ARCHES. 


Three-Hinged, Two-Hinged, and Hingeless, Steel, Masonry, and 
316 pp. New York, The Engineering News Publishing Com- 
pany; London, Archibald Constable Company, Limited, 1908. $3.00 


net. 


The author states that this book presented the engineering profession 
exposition new system the application the elastic theory arches; 
and that, its use, the stresses may obtained with absolute certainty and with 
much less calculation than now necessary. the first chapter, the author dis- 
cusses the forces the arch. Chapter the special combinations 
forces are explained and demonstrated computing graphically the stresses 
three-hinged arches various forms and materials. The third chapter devoted 
two-hinged arches various forms, the first part relating the application 
the displacement theory and the second part the application the elastic theory 
its general form. Chapter IV, the author discusses the hingeless arch and 
demonstrates that, his method, the elastic theory, applied these arches, has 
been reduced the simplest form for analyzing the stresses. The distribution 
stresses arch rib metal, stone, reinforced concrete discussed 
Chapter Formulas are given for stresses columns these materials, and 
also for those reinforced concrete beams and slabs. Chapter the wind 
stresses, the forces acting the arch, and the qualities the various types 
arches are discussed. Recommendations are made regarding stresses piers and 
abutments, and tables are added giving the standard loading bridges according 
American practice. Chapters VII, VIII and are devoted algebraic deduc- 
ticns and expressions the elastic theory applied arches. The displacement 
theory discussed Chapter The Contents are: The Arch Rib; Three-Hinged 
Arches; The Two-Hinged Arch; Hingeless Arches; Stresses Arch Sections, Dis- 
tribution Stresses Over Irregular Area Under Normal Load; Stresses Caused 
Lateral Wind Pressure; Appendix: Mathematical Analysis the Arch; 


The Two-Hinged Arch Rib; The Hingeless Arch; Arched Frameworks. There 
index six pages. 


INTRODUCTION THE STUDY ELECTRICAL ENGINEERING. 


Henry Norris. Cloth, in., illus., 404 pp. New 
York, John Wiley Sons; London, Chapman Hall, Limited, 1907. 
$2.50 net. 


this book the author assumes that, some extent, the student familiar 
with the uses electricity applied modern life. the introduction short 
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review these uses given the following order: Distribution mechanical 
power; production light; electrolysis; transmission intelligence; production 
heat; and the author states that, combining these experiences with the les- 
sons taught scientific research, clear conception electrical laws will 
had. Practical experience laboratory exercises, together with the course laid 
down this book, stated, should sufficient enable the student select, 
install, and operate electrical machinery intelligent manner. The Contents 
are: Historical Development Electrical Engineering; Fundamental Electrical and 
Magnetic Quantities; Materials Electrical Engineering; Circuits; Mag- 
netic Circuits; Construction Electric Generators; Transformers and Their Appli- 
eations; Construction and Operation Power Stations; Electric Motors 
Applications; Electric Lighting and Heating; Electrical Measurements; The Trans- 
mission Intelligence; Appendix: Fields Application Alternating and 
Continuous Current. There index twenty-six pages. 


EXPERIMENTAL ELECTRICAL ENGINEERING 


And Manual for Electrical Testing. For Engineers and for 
Students Engineering Laboratories. Karapetoff. Cloth, 
illus., 790 pp. New York, John Wiley Sons; London, 
Chapman Hall, Limited, 1908. $6.00 net. 


has been the aim the author, the preparation this book, produce 
laboratory manual suitable for the general electrical engineering work covered 
during the Junior and Senior years most American engineering schools. The 
experiments given cover the principal types electrical machinery and auxiliary 
devices, well the most important commercial applications electricity. 
chapter covers one particular class machinery electrical relations and, far 
possible, made independent any other chapter, the experiments each 
being described ascending scale difficulty importance. each chapter, 
the author first describes the particular class machinery, and the practical needs 
for certain arrangements and procedures operation are given. Next the object 
and method each experiment are described detail, and instructions are given 
for the manner which data should taken, the requirements for students’ 
reports being stated the end each experiment. The Contents are: Measure- 
ment Resistances; Ammeters and Voltmeters: Construction and Operation; 
Ammeters and Voltmeters: Calibration; Wattmeters; Reactance and Resistance 
Currents; Electrostatic The Magnetic Circuit; Permeability Tests; 
Measurement Core Loss; Photometry Incandescent Lamps; Arc Lamps; 
Interior Illumination; Transmission Lines; Distributing Lines; Direct Current 
Generators: Operating Direct-Current Motors: Operating Features; 
Direct-Current Machinery: Efficiency and Losses; Direct-Current Machinery: Oppo- 
sition Runs; Transformers; Electrical Relations Polyphase Systems; Alternators 
and Synchronous Motors: Operating Features; Alternators and Synchronous Motors: 
Commercial Tests; Rotary Converters; Induction Motors: Operating Features; 
Induction Motors; Special Study; Armature Windings; Alternator-Current Wave 
Form; Electric Controllers and Regulators; Electric Rail- 
way Work; Electric Welding and Heating; Elements Telephony; Safety 


Blectric Plants. There also list the experiments, and index ten 
pages. 


THE STANDARD HANDBOOK FOR ELECTRICAL ENGINEERS. 


Written and Compiled Staff Specialists. Morocco, in., 


illus., 1283 pp. New York, McGraw Publishing Company, 1908. 
$4.00 net. 


The publishers have adopted the unit system bookmaking the preparation 
this handbook. stated that the entire field electrical engineering was 
divided into twenty sections. sections were then arranged logical order, 
and each was assigned specialist. The material was carefully edited order 
obtain uniformity style and connect the parts cross-references. each 
section the paragraphs are numbered from one the end that section, and al! 
references the Index are made section and paragraph. Cross-references are 
also made the index all other parts the book where the subject may 
treated. stated that the book contains much data that will interest 
help consulting, contracting and designing that the hydraulic engineer 
will find useful for the design, construction and operation hydraulic power 
plants, etc., and the mechanical engineer for steam engines, steam turbines, etc. 
The railway section said the the subject issued the 
present time. Recognized standards have been followed wherever possible, 
cially those recommended National societies organizations. includes the 
Standard Reports the American Institute Engineers June, 1907, 
and those the American Street and Interurban Railway Association October. 
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1907. The Contents are: Units, Otis Allen Kenyon; Electric and Magnetic Cir- 
cuits, Otis Allen Kenyon; Measurements and Measuring Apparatus, Otis 
Allen Kenyon; Properties Materials, Otis Allen Kenyon; Magnets, Otis 
Allen Kenyon; Transformers, McAllister; Electric Generators, 
Hobart and Otis Allen Kenyon; Motors, McAllister; Batteries, 
Edward Lyndon and Otis Allen Kenyon; Central Stations, Beardsley and 
George Shadd; Transmission and Distribution, Arthur Vaughan Abbott and Otis 
Allen Kenyon; Illumination, Louis Bell; Blectric Traction, Armstrong 
Electrochemistry, Roeber; Telephony, Kempster Miller; Telegraphy, 
Otis Allen Kenyon; Miscellaneous Applications, Otis Allen Kenyon; Wiring, 
William Ouken; Standardization Rules; Tables and Statistics. There 
index fifty-five pages. 


MINING, MINERAL AND GEOLOGICAL LAW. 


Treatise the Law the United States Involving Geology, 
Mineralogy and Allied Sciences Applied Mining, Real Estate, 
Land, United States Customs and Other Litigation. Also the 
Acquisition and Maintenance Mining Rights the Public Domain 
and Obtaining Patents for Mineral Land Under the United States 
Mining Laws. Charles Shamel. Cloth, in., illus., 
627 pp. London and New York, Hill Publishing Company, 1907. $5.00. 


The needs two classes men have been considered this book: Those 
the mining engineer who should know the law which applies the various geolog- 
ical features his property, and those the lawyer and the mine owner who 
wish understand the scientific feature the case. contains brief history 
the development and condensed systematic exposition the principles and rules 
American mining laws, together with compilation National and State statutes 
and the Land Office Rules and Regulations relating thereto, all revised date. 
Theories ore deposits, the classification the same, etc., are concisely treated, 
and the geologic principles involved are explained connection with each point 
the law. The Contents include: Introductory and Outline; Geology and Allied 
Definitions; Property Minerals; Legal Definitions Mineral and Ore; 
Theories Ore Formation and Classification; Right Extralateral Pursuit 
Vein; Public Domain and Mining Laws Applying; Acquisition Mining Rights; 
Scientific Definitions Veins; Legal Definition Vein Lode; Legal Definitions 
Apex, Strike, Dip, etc.; Extralateral Rights; Tunnels, etc.; Discussion Pro- 
posed Repeal Extralateral Law; Placers; Water; Miscellaneous Uses Geology 
Law; Forms and Procedure for Locating Mine Claims; Forms and Procedure 
for Obtaining Patents. There Appendix containing the United States Mining 
Laws and the Land Office Rules and Regulations Reference thereto, and also the 
State and Territorial Mining Laws. Following these, there bibliography 
works geology, mineralogy and mining laws and classification rocks and 
geological formations. There index fifty-one pages. 


Gifts have also been received from the following: 


Am. Inst. Min. Engrs. bound vol., bound vol. 


pam. Eng. Assoc. New South Wales. 
Am. Iron and Steel Assoc. vol. bound vol. 


Am. Mathematical Soc. pam. Fall River, Mass.-Water Registrar. 
Belzner, Theodore. pam. 


pam. 
Boston Public Library. vol. Fiala, Anthony. bound vol. 


Canada-Dept. Railways and Canals. bound vol., 110 pam., and maps, 


Mass.-City Council. bound 


pam. 
Canada-Geol. Survey. pam., maps, vol. 
Canada-Tidal and Current Survey. Highway Comm. 


Univ. Agri. Exper. Station. pam. 
Hope-Colonial Incorporated Assoc. Municipal and 


pam. 


Case School Applied Sci. vol. India-Under Secy. Govt. pam. 

Exper. Station. pam. Institution Civ. Engrs. vol. 

Colo. Soc. pam. Inter. Waterways Comm. pam. 

Columbia Univ. Iron and Steel Inst. bound vol. 

Detroit, Mich.-Board Water Commrs. Maryland-Geol. Survey. bound vol. 
pam. Met. Ry. Co. pam. 

Dyckerhoff pam. National Board Fire Underwriters. 
pam. 
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New South Wales-Bureau Statistics. South Eastern Ry. Co. pam. 
bound vol., pam Streiff, Abraham. pam. 
New York City-Bureau Buildings Technologist. pam 
the Borough Manhattan. pam. Thayer School Civ. Eng. vol. 
New York City-Bureau Municipal Re- Transvaal-Mines Dept. vol. 


search. pam. Underwriters’ Laboratories, Inc. pam. 
New York City-Commr. Docks and Bureau Constr. and Repair. 
Ferries. bound vol. vol. 


New York City-Commrs. Street Clean- Insular Affairs. vol., 
ing and Waste Disposal. vol. 
New York State-Dept. Health. ‘of Engrs. pam. 
bound vol. vol. 
North England Inst. Min. and Corps Engrs. specif. 
Mech. Engrs. vol. Dept. Agri. pam. 
Norwich Univ. pam. Engr. School. pam. 
Oregon-State Engr. pam. Library and Naval War Records 
Page, pam. Office. pam. 
Pennsylvania-Dept. Mines. bound vol. 
vol. Light-House Board. vol. 
Peru-Consul-General. vol. Naval Observatory. pam. 
Punjab, India-Irrig. Works. bound War Dept. vol., pam. 
vol. Univ. Pennsylvania. vol. 
Ry. Club Pittsburgh. vol. Wagoner, Luther. chart. 
Ry. Signal Assoc. vol. Watson, pam. 
Revue Mécanique. vol. Westinghouse, Church, Kerr Co. 
Richmond, Fredericksburg Potomac vol. 
Co. pam. Wisconsin-Geol. and Natural History 
Rose Polytechnic Inst. vol. Surv., Highway Div. pam. 
Smithsonian Institution. bound vol., Woodbury, pam. 
Soc. for the Promotion Eng. Educa- Worcester Polytechnic Inst. vol. 
tion. bound vol. Wyoming-State Geologist. pam. 


PURCHASE. 


Practical Designing Retaining Walls. William Cain, Am. 
Soc. Fifth Edition, Revised. Van Nostrand’s Science Series, 
No. New York, Van Nostrand Company, 1908. 


Hydraulics. Hydraulic Machinery. New 
York, Bombay and Calcutta, Longmans, Green and Co., 1907. 


The Chemistry Gas Manufacture. Practical Manual for the 
Use Gas Engineers, Gas Managers and Students. Harold 
Royle. New York, The Norman Henley Publishing Co.; London, 
Crosby, Lockwood and Son, 1908. 


Sanitation Public Buildings. William Paul Gerhard. New 
York, John Wiley Sons; London, Chapman Hall, Limited, 1907. 


Lubrication and Lubricants. Treatise the Theory and Prac- 
tice Lubrication, and the Nature, Testing Lubri- 
cants. Leonard Archbutt and Mountford Deeley. 
Edition, Thoroughly Revised and Enlarged. London, Charles Griffin 
and Company, Limited, 1907. 


Modern Pigments and their Vehicles. Their Properties and Uses 
Considered Mainly from the Practical Side, and Howto Make Tints from 
Them. Frederick Maire. New York, John Wiley Sons; London, 
Chapman Hall, Limited, 1908. 
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Hydraulic and Placer Mining. Eugene Wilson. Second 


Edition, Rewritten. New York, John Wiley Sons; London, Chapman 
Hall, Limited, 1907. 


Mine Gases and Explosions. Text-Book for Schools and Colleges 
General Reference. Beard. New York, John Wiley 
Sons; London, Chapman Hall, Limited, 1908. 


SUMMARY ACCESSIONS. 


From January 7th February 10th, 1908. 


Donations (including 140 372 
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MEMBERSHIP. 


ADDITIONS. 


(January 8th February 1908. 


MEMBERS. 


ACKERMAN, JOHN WALTER. Cons. Municipal 


AMBURSEN, FREDERICK. 176 Federal St., Boston, 


Mass. 


BALDWIN, GEORGE Hotel Schenley, Pittsburg, Pa.. 
ALEXANDER LESLIE. 323 Baronne St., New Orleans, 


Boyp, WILLIAM CHARLES. Asst. Engr., Pittsburg Rys. Co., 


435 Sixth Ave., Pittsburg, 
Buck, Henry Chf. Engr., Conn. Jun. 
State Boundary Line Comm., 

St., Hartford, Conn 
Connor, SAMUEL 230 West 107th St., Assoc. 


Bridge St., New York City 
CRESSON, BENJAMIN FRANKLIN, JR. Res. Engr., 


Assoc. 
R., 315 Fifth Ave., New York City... 
Jun. 


Dana, TURNER. Civ. and Cons. 


William St., New York City 


FIELD, GEORGE RUSSELL. Contr. Engr., 298 Steuart St., 


San Francisco, Cal 


GOVERN, JAMES. Supt. Erection, McClintic- 
Marshall Constr. Co., Pittsburg, Pa. (Res., Madi- 

FRANK Res. Engr., Lock Assoc. 


No. 11, Ohio River, Wellsburg, Va... 


Howe, Cons. Engr., 204 Com- Assoc. 


mercial Bank Bldg., Houston, Tex....... 


FRANK ALEXANDER. Asst. City Engr., City 
Boston; Address, St., Dorchester, Mass. 


Reclamation Service, Orman, Butte Co., 


RICHARDSON, CLIFFORD. Proprietor, New York Test- 


ing Laboratory (Maurer, J.), 114 Liberty 
St. (Res., 122 East 34th St.), New York City 
SHELBY SAUFLEY. Asst. Engr., Constr. 


Dept., Care, Chf. Engr.’s Office, 


R., Chicago, 


[Society 
Date 
Membership. 

Sept. 1905 
Jan. 1908 
Jan. 1908 
Feb. 1908 
Dee 1907 
Dee 1907 
June -5, 1900 
Oct. 1905 
Feb. 1908 
Nov. 1906 
Jan 1908 
May 1899 
Feb. 1900 
Jan 1908 
April 1902 
Jan 1908 
Sept. 11, 1900 
Feb. 1903 
Jan 1908 
Nov. 1907 
Jan. 1908 
1905 
Jan. 
Feb. 1903 
Jan 1908 
Jan 1905 
Sept. 
Jan. 1908 
Oct. 
Feb. 
April 
Jan. 
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MEMBERS (Continued). 


WILSON, CHARLES COKER. 1302 Main St., Columbia, 


ASSOCIATE MEMBERS. 

AMMANN, OTHMAR HERMANN. Asst. Engr., Bridge 
Constr. Dept., The Pennsylvania Steel Co., Steel- 

ANDERSON, Asst. Engr., McCall Ferry 

BALDWIN, HERBERT. Box 333, Berkeley, Cal....... 

Instr. Civ. Eng., Le- Jun. 
high Univ., 103 North St., Bethlehem, Pa. Assoc. 

527 Fifth Ave., New York City... 


land Seattle Ry., 6512 Sixteenth Ave., 


W., Seattle, Wash 
EARLE Franklin, Pa.............. 
CHAMBERS, HENRY WICK. 550 Park Ave., New York City.. 
KENNETH 916 Stahlman Jun. 

Nashville, Tenn 
Henry Sisson. Gen. Mgr., Reinforced Concrete 

Dept., Am. Steel Wire Co., Chicago, 
CHARLES Henry. Care, Worcester Co., 

JoHN ANDREWS, JR. Structural Engr., Jun. 

Union New York City Assoc. 

Fruit, JoHN Care, Am. Bridge Co., 40th Jun. 

St. and Princeton Ave., Chicago, Assoc. 
303 Woodward Bldg., Birming- 

GREEN, JAMES ARLEIGH. Supt. Constr., White 

Co., Room 710, Bldg., Denver, Colo 


Union Station, Albany, 
Care, Board Education, 500 
Park Ave., New York 
196 Central Ave., Albany, Y....... 
Surv. and Mun. Engr. (Borrie 


Kreiner), 788 Broad St., Newark, J........ 
LAWRENCE, CHARLES WALTER. 1019 Wood St., Decatur, 


Assoc. 
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Dee. 1903 
Jan. 1908 
Dec. 1907 
Jan 1908 
Jan 1908 
Jan. 1908 
Dec. 1903 
Feb. 1908 
Jan. 1908 
Mar. 1904 
Jan. 1908 
Jan. 1908 
Feb. 1908 
Oct. 1903 
Jan. 1908 
Jan. 1908 
Jan. 1908 
April 30, 1901 
Jan. 1908 
1908 
May 1905 
Dec. 1907 
Jan. 1908 
Jan. 1908 
Sept. 11, 1900 
1908 
Jan. 1908 
Oct. 1907 
Jan. 1908 
Jan 1908 
Jan. 1908 
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ASSOCIATE MEMBERS (Continued). Date 
Membership. 
CoLEMAN. Supt. Constr. for Geo. Hug- 


gins, Gen. Contr., 2611 24th St., Kansas City, Mo. Jan. 1908 
WILBUR NATHANIEL. 602 Equitable Bldg., Louis- 
ville, 


SAMUEL. Bridge Engr., San Pedro, Los Angeles 
Salt Lake Co., 539 Elec. Bldg., Los 
Dept. Street Impvts., Office City Jun. April 1905 
Engr., Board Public Works, San Fran- Assoc. 1908 
PATTERSON, YOUNGMAN. Care, Edwards, 
Sawyer, Secy.-Treas., Northwestern Eng. 
Corporation, Maynard Bldg., Seattle, Wash..... Jan. 1908 
Guy. Engr., W., Richmond Div., Jun. 1903 
Penn. Lines Pitts., Richmond, Feb. 1908 
ScRIMSHAW, JAMES FREDERICK. Vice-Pres., Salmond Bros. 
Co., Gen. Contrs., 526 Elm St. (Res., Bennett 
FRANK Sears. With Arthur Jun. Feb. 28, 1899 
200 Sagamore Ave., Winthrop High- 


STEVENSON, THoMAS JR. Engr. and 1905 
Box 1012, Rio Janeiro, Brazil 
ARCHIBALD County Surv., Inyo County, 
THoMAS, CHARLES DurA. Bureau Engr. Street Open- 
ings, Park Row, Room 1838, New York City (Res., 


ANDREW. Engr., Reclamation Service, 
Mitchell, Nebr 


Hans HERMANN. Dist. Engr., C., St. Ry. 
Co., Coast Extension, Barneston, Wash...... Jan. 1908 
ASSOCIATES. 
HEALY, Care, Board Water Supply, 147 


\ 4 
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BREITZKE, CHARLES FREDERICK. Asst. Engr., San. Eng. 
Div., State Dept. Health, State House, 

BURNHAM, GEORGE Care, Bureau Lands, Manila, 

Erte Asst. Engr., Sou. Cal. Mtn. Water Co., 

ELLIOTT, Station Ancon, Canal Zone, Panama. 

ENGLISH, CHARLES CLEMENT. 112 West 123d St., New 

FERRIER, JOSEPH JAMES. Office Engr., Co., 1110 Flood 

GAIGER, FRANK MILLARD. Box 332, Katonah, Y... 

GARVIN, EDGERTON CHESTER. Brunswick, Ga............. 


HAYES, FERDINAND EUGENE, JR. Box 30, Villanova, Pa. 


HEER, WILLIAM, JR. Lock Tombigbee River, Pennington, 


HEMPHILL, WILLIAM Care, Macdonald, Antofa- 
JONES, GEORGE Morton. Asst. Chf. Engr., Ga. Fla. Ry., 
JONES, GRANDVILLE REYNARD. Second Asst. Chemist, Filtra- 
Topographical Draftsman, Dept. Docks 
and Ferries, Pier New York City............. 
LEWIS, WILFRED. 1258 Main St., Dubuque, 
LISMAN, OLIVER CROMWELL. 165 Park Ave., Mt. Vernon, 


WALLACE HIGHLAND. Mayari, Oriente, Cuba. 


945 St. Nicholas Ave., New York City.... 
RANSON, Chf. Engr., Kearns Co., 
161 Devonshire St., Boston, Mass 


RICHARDSON, JEREMIAH DANIELS. Vine St., Corona, 
Ryan, 520 Jefferson St., Ann Arbor, Mich. 


SAXE, VAN RENSSELAER 155 Madison Ave., New 


SEE, GEORGE Hamilton, Ohio 


WELLER, WILLIAM 614 Chapel St., Schenectady, 


ALEXANDER Asst. Engr., Dept. 
Constr. and Eng., Isthmian Comm., Mills Bldg., 
Room 424, Washington, 
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1907 


1907 


1908 
1907 


1908 
1907 
1908 
1907 
1908 
1908 
1907 
1907 
1907 
1908 


1908 
1907 


1908 
1908 
1908 


1907 
1908 
1907 


1908 


1907 
1908 


1908 


Oct. 
Jan. 
Nov. 
Jan. 
Dec. 
Oct. 
Sept. 
Sept. 
Jan. 
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RESIGNATIONS. 
Date 
Resignation. 
JUNIORS. 
DEATHS. 


Elected Junior, October 3d, 1905; died December 28th, 
1907. 


HERMANY, CHARLES. (Past-President). 
1869; died January 18th, 1908. 


OTHNIEL Foster. Elected Member, June 7th, 1876; died February 
4th, 1908. 


HERBERT FRANKLIN. Elected Member, January 6th, 1892; died 
January 1908. 


RoBERTS, WILLIAM. Elected Associate, June 4th, 1884; died December 28th, 
1907. 


SEATON, Elected Associate Member, June 4th, 1902; died 
January 18th, 1908. 

WALKER, JOSEPH Elected Associate Member, April 3d, 1901; died 
January 7th, 1908. 


Elected Member, January 6th, 
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each journal this list: 


(1) 
(2) 


(3) 
(4) 
(5) 
(6) 


(7) 
(8) 
(9) 
(10) 
(11) 
(12) 


(13) 
(14) 
(16) 
(17) 
(18) 
(19) 


(20) 
(21) 


(22) 
(23) 
(24) 
(25) 
(26) 
(27) 
(28) 


CURRENT ENGINEERING LITERATURE 


MONTHLY LIST RECENT ENGINEERING ARTICLES 
INTEREST. 


anuary February 10th, 1908.) 


list published for the purpose placing before the 
members the Society, the titles current engineering articles, 
which can referred any available engineering library, can 


procured addressing the publication directly, the address and price 
being given wherever possible. 


LIST PUBLICATIONS. 
the subjoined list articles, references are given the number 


Journal, Assoc. Eng. Soc., 
Milk St., Boston, Mass., 30c. 

Proceedings, Engrs. Club_ 
Phila., 1122 Cirard Phila- 
delphia, 

Journal, ‘Franklin Inst., Philadel- 
phia, Pa., 50c. 

Journal, Western Soc. Engrs., 
Monadnock Blk., Chicago, 

Transactions, Can. Soc. 
Montreal, Que., Canada. 

School Mines Quarterly, Co- 
Univ., New York City, 

Technology Quarterly, Mass. Inst. 
Tech., Boston, Mass., 75c. 

Stevens Institute Indicator, Stevens 
Inst., Hoboken, J., 50c. 

Engineering Magazine, New York 
ity, 25c. 

Magazine, New York City, 
Engineering (London), 

Wiley, New York City, 25c. 

The Engineer (London), Inter- 
national News Co., New York 
City, 35c. 

News, New York City, 


The Engineering Record, New York 
City, 12c. 

Gazette, New York City, 

Engineering and Mining Journal, 
New York City, 15c. 

Street Railway Journal, New York 
City, 10c. 

Railway and Review, 
Chicago, 

Scientific Supplement, 
New York City, 10c. 

Iron Age, New York City, 10c. 

Railway Engineer, London, 
land, 25c. 

Iron and Coal Trades Review, Lon- 
don, England, 

Bulletin, American Iron and Steel 
Assoc., Philadelphia, Pa. 

American Gas Light Journal, New 
York City, 10c. 

New York 
City, 20c. 

Review, London, Eng- 
and. 

World, New York City, 

Journal, New Water- 

Works Assoc., Boston, Mass., $1. 


Eng- 


(29) 
(30) 
(31) 
(32) 
(33) 
(34) 
(35) 
(42) 
(43) 
(44) 


(45) 
(46) 
(47) 
(48) 
(49) 
(50) 
(52) 
(53) 


(54) 
(55) 
(56) 
(57) 
(58) 


Journal, Society London, 
England, 15c. 

Annales des Publics 
Belgique, Brussels, Belgium. 

Annales VAssoc. des Ing. Sortis 
des Ecoles Spéciales Gand, 
Brussels, Belgium. 

Mémoires Compte Rendu des 
Travauz, Soc. Ing. Civ. 
France, Paris, France. 

Génie Civil, Paris, France. 

Economiques des Ma- 
chines, Paris, France. 

tion, Paris, France. 

Revue Mécanique, Paris, France. 

Revue Générale des Chemins 
Fer des Tramways, Paris, 
France. 

achinery, Chicago, 


Proceedings, Am. Inst. 
New York City, 50c. 
Annales des Ponts Chaussées, 

Paris, France. 

Journal, Military Service Institu- 
tion, Governor’s Island, New 
York Harbor, 50c. 

and Minerals, Scranton, Pa., 

Scientific American, New York City, 


Mechanical Engineer, 
England. 

Zeitschrift, Verein Deutscher In- 
genieure, Berlin, Germany. 

Zeitschrift Bauwesen, 
Germany. 

Stahl und Eisen, Diisseldorf, Ger- 
many. 

Deutsche Bauzeitung, Berlin, Ger- 

Industrie-Zeitung, 
Russia. 

Zeitschrift, Oesterreichischer In- 
genieur und Architekten Verein, 
Vienna, Austria. 

Transactions, Am. Soc. New 
York City, $5. 

Transactions, Am. Soc. New 
York City, $10. 
Transactions, Am. Inst. Min. 
New York City, $5. 
Guardian, London, Eng- 

Proceedings, Eng. Soc. Pa., 803 
Fulton Bldg., Pittsburg, Pa., 50c. 


Manchester, 


Riga, 
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{59) Transactions, Mining Inst. Scot- (74) 


Transactions, Inst. Min. and 
land, London and Metal., London, England. 
upon-Tyne, England. (75) Proceedings, Inst. Mech. Engrs., 

(60) Indian- London, England. 
polis, 


(76) Brick, Chicago, 10c. 
(61) Proceedings, Western Railway (77) Journal, Inst. 


225 Dearborn St., Chicago, don, England. 


(78) Beton und Eisen, Vienna, Austria. 
(62) World, Ninth St., (79) Forscherarbeiten, Vienna, Austria. 

Pittsburg, Pa. (80) Tonindustrie-Zeitung, Berlin, Ger- 
Minutes Proceedings, Inst. E., 


Elec. Engrs., Lon- 


many 

London, England. (81) Zeitschrift fiir Architektur In- 
Power, New York City, 20c. genieurwesen, Wiesbaden, Ger- 
Official Proceedings, New York man 


Club, Brooklyn, Y., (82) Dinglers Polytechnisches Journal, 


Berlin, Germany. 


(66) Journal Gase Lighting, London, (83) Age, New York City, 


England, 15c. 

{67) Cement and News, (84) 
Chicago, 25c (85) 

(68) Mining Journal, England. 

Review, New York (86) 

Journal, Iron and Steel Inst., Lon- (87) Roadmaster and Foreman, Chicago, 
don, 10c. 

Railway Review, Chicago, (88) Bulletin the International Ry. 


Congress Assoc., Brussels, Bel- 
Electrician, London, England, 18c. gium. 


Ciment, Paris, France. 

Proceedings, Am. Ry. Eng. and 

-Contracting, Chicago, 


LIST ARTICLES. 
Bridge. 


The Reinforced Concrete Bridge Across the Hudson River Sandy Hill, New York.* 
William Burr, Am. Soc. (54) Vol. 59. 

Proportioning Lattice Bars.* Prichard and others. (58) Dec. 

Experimental Determination Stresses Web Plates and Stiffeners Plate 
Girders.* Turneaure. (4) Dec. 

Cost Aerial Cable Bridge used Making Deep Fill with Dump Cars.* 
Mooney. (87) Jan. 

Method and Cost Constructing Concrete Ribbed Arch Bridge Grand Rapids, 
Mich. (86) Jan. 

The Design Struts.* Lilly. (11) Jan. 10. 

New Bridges over the Nile Cairo.* (11) Jan. 10. 


The the Queens Approach the Blackwell’s Island Bridge.* (14) 
an. 


Foundation Work for Six Lift Bridges.* Ripley. (14) Jan. 11. 

Twelve Tests Carbon-Steel and Nickel-Steel Columns.* Waddell, 
Am. Soc. (13) Jan. 16. 

The Ohio St. Bascule Bridge Buffalo, Y.* (13) Jan. 16. 

Railroad Viaducts Seville, Spain. Ommelange. (15) 

an. 

Erection Traveler for the Genesee River Viaduct.* (14) Jan. 18. 

Reinforced Concrete Slab Bridges.* (18) Jan. 18. 

Riveted Lattice for Railroad Bridges Maximum Span; Plea for Return 
Rational Design.* Geo. Huntington Thomson, Am. Soc. E.; Inst. 
(13) Jan. 23. 

Cost Constructing Concrete Trestle and Three Concrete Girder Bridges with 
Abutments.* (86) Feb. 

Pont Acier Béton sur Guindy Maritime, Tréguier (Ligne Tréguier 
Perros). Harel Noé. (43) Vol. 1907. 

sur les Travaux sur les Dépenses Effectuées.* (43) 
Vol. 

Maniére Pratique Servir des Formules Officielles.* Ad. Klein. (84) Dec. 

Pont-Route Travées Articulées Etabli sur Rhin entre Homberg Ruhrort 
(Prusse rhénane). (33) Jan. 


Die Neue die Prinzregentenstrasse Wilmersdorf 
Berlin.* Homann. (49) Vol. 1-2, 


‘Blectrical. 

The Economic Electric Power from Blast-Furnaces.* Thwaite. 

Making the Best Hole for the Least Money; Manufacture Clay Conduits.* 
(For underground cables and wires.) (76) Jan. 


The Waipori Hydro-Electric Power Transmission Scheme.* Goodman. 
(73) Serial beginning Jan. (26) Jan. 
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Electrical— (Continued). 


Control Repulsion Motors Brush Displacement.* Schnetzler. (Abstract 
from Elektrotechnische Zeitschrift.) (73) Jan. 

Municipal Conduit System the City Baltimore, Md.* (27) Jan. 

Lighting the New Plaza Hotel.* Thurston Owens. (27) Jan. 

Single-Phase Motors for Central Station Service. (27) Jan. 

Some Facts Regarding Metal-Filament and Lamps. George 
Loring. (27) Jan. 

The Opportunities the Small Central Station. (27) Jan. 

Recent Power Developments Montpelier.* (27) Jan. 

Wiring Residences Small Cost.* Thomas Pope. (27) Jan. 

The Small Electric Plant.* Wakeman. (27) Jan. 


eb. 

Callendar and Griffiths’ Self-Testing Bridge.* (73) Jan. 10. 

the Comparison Resistances.* Smith. (73) Jan. 10. 

Some Notes Modern Cable-Making.* (26) Jan. 10. 

The Use Ball Bearings Electric Motors.* (26) Jan. 10. 

General Office Building the Philadelphia Electric Company.* (27) Jan. 11. 

Potentiometer for Voltmeter Testing.* Brooks. (From Bul- 
letin the Bureau Standards.) (27) Jan. 11. 

Test Low-Voltage Alternator for Calcium Carbide Furnaces.* (26) Jan. 17. 

Storage Battery Auto-Truck for Industrial Railways.* (26) Jan. 17. 

Electrical Measuring Instruments and Some their Weaknesses. Kenelm 
(Abstract paper read before the Assoc. Engrs.-in-charge.) (47) 
an. 

The Felten and Guilleaume-Lahmeyerwerke A.-G., Frankfort.* (11) Jan. 24. 

Recent Wireless Telegraphy.* Eccles. (73) Serial beginning 
Jan. 

New Turbine Station the Fall River Electric Light Company.* (27) Jan. 25. 

Magnetic Leakage Induction Motors.* Hellmund. (27) Jan. 25. 

New Photometer.* Clayton Sharp and Preston Millar. (27) 
Jan. 

Electrical Generating Station Brussels.* (12) Jan. 31. 

The Non-Synchronous Generator Central Station and Other Work.* 
Waters. (42) Feb. 

Some Developments Synchronous Converters.* Charles Stone. (42) 

High-Tension Energy Transmission Peru.* (27) Feb. 

Electrically Operated Switchboard.* Hayes. (27) Feb. 

Convenient Tests for Central Station Operators.* Hollis. (27) 

Labor Cost Building High Power Transmission Line.* (86) Feb. 

Transmission Line Crossings over Railroads. Ralph Mershon. 

Variable-Speed Commutating-Pole Motors.* Ellis. (27) Feb. 

Measurement the Coefficient Self-Induction Circuit under Normal 
Chapin. (27) Feb. 

Statische Berechnung Elektrischer Freileitungen. August Kann. (53) Serial 
beginning Jan. 


Marine. 


Cableways used Shipbuilding Berths.* John Henderson. (75) July, 1907. 

The Ocean Carrier. Russell Smith. (15) Serial beginning Jan. 10. 

The Italian Battleship Regina Elena. (12) Jan. 10. 

Floating Docks.* Jarvis. (Paper read before the North-East Coast 
Inst. Engrs. and Shipbuilders.) (47) Jan. 18. 

The Twin-Screw Allan Liner Corsican.* (11) Jan. 24. 

Quay Walls for the New Dry Dock the Charleston Navy Yard.* (14) Feb. 

Les Nouveaux Dock Flottant Trinidad (Antilles Anglaises).* 
(33) 

Messungen von Bewegungen der Trockendocks und der Kaiserlichen Werft 
Kiel.* Franzius. (49) Vol. 1-2, 

Die Kriegschiffbetriebe.* Strebel. (48) Serial beginning 
Jan. 


Mechanical. 


Gas Engines; Informal Discussion the Annual Convention, July 10th, 1907.* 
(54) Vol. 59. 

Portable Pneumatic Tools.* Bing. (75) July, 1907. 

Observations Present-Day Practice Jute Preparing and Spinning.* 
Macdonald. (75) July, 1907. 

Method Forging Car and Like Wheels.* (41) Dec. 

The Heating and Ventilating Stores.* Chas. Hubbard. (70) Jan. 

Pottery: Its Site and Murray. (76) Jan. 

The Willans-Parsons Steam-Turbine.* (11) Jan. 

Illuminating Gas from Coke-Oven Plants.* Archibald Little. (66) Jan. 

Visit the Bromley (Kent) Gas Company’s Works.* (66) Jan. 
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Construction and Operation Cableways with Analytical and Graphical Analyses 
Rubidge. (Abstract from Univ. Colo. Journal 
Eng.) (86) Jan. 

Aerial Ropeway Loch Leven.* (12) Jan. 10. 

Labyrinth Packings.* (11) Jan. 10. 

The Bursting Point Flanged Fittings. (47) Jan. 11. 

Dessau Comparison with other Systems, More Especially 
Ernest (66) Jan. 14. 

Largest Gas Engines for Electrical Work.* Cecil Poole. (64) 
ning Jan. 14. 

Gas and Oil Engine Diagrams and Fuel Data.* Peter Eyermann. (64) Serial 
beginning Jan, 14. 

The Gas Engine.* Cecil Poole. (64) Serial beginning Jan. 14. 

Unique Direct-Reading Dynamometer for Testing Automobiles. (13) Jan. 16; 
(20) Jan. 23; (19) Feb. 

The Sheldon Retort Coke Oven and Process.* Sheldon. (20) Jan. 16. 

The Illinois Steel Company’s New Plate Mill.* (20) Jan. 16. 

The Armstrong By-Product Coke Oven. (57) Jan. 17. 

The Coaling Machinery Savona Harbour.* Collischonn. (Tr. from Elek- 
trische Kraftbetriebe und Bahnen.) (73) Jan. 


Mechanical Plant the Stuyvesant High School, (14) Serial be- 
ginning Jan. 18. 


Smoke Prevention Newark, (14) Jan. 18. 
The Modern Kerr Steam Turbine, Illustrated and Described.* (62) Jan. 20. 
Mean Effective Pressure.* Fred Low. (64) Jan. 21. 
Use the Entropy Diagram Engine Tests.* Sydney Reeve. (64) Serial 
beginning Jan. 21. 
The Comparative Valuation Gas Coals. Sutcliffe. (Paper read before 
the Yorkshire Jun. Gas Assoc.) (66) Jan. 21; (22) Jan. 31. 
The Manufacture Concrete Bricks from Blast Furnace and other Slag.* Josiah 
paper read before the Staffordshire Iron and Steel Inst.) 
an. 24. 
Explosion.* (Report the Board Trade.) (12) Jan. 24; 
eb. 
The Deposition Charles Shelby. (16) Jan. 25. 

The Construction and Working Large Gas Engines.* Allen. (Paper read 
before the Manchester Assoc. Engrs.) (47) Serial beginning Jan. 25. 
Setting the Valves the Fitchburg Engine.* Hubert Collins. (64) Jan. 28. 

Boiler Power for Hlevators.* Charles Hubbard. (64) Jan. 28. 

Cost Drilling Test Holes Earth Hand, Taking Core.* (86) 
an. 29. 

Data for the Design Hot-Water Heating Systems. (Report the Amer. Soc. 
Heating and Ventilating Engrs.) (13) Jan. 30. 

Curtis Turbines the A.* (26) Jan. 

Recent Plant for the Utilisation Small Coal.* Hann, Inst. 
(Abstract paper read before the South Wales Inst. Engrs.) (57) Jan. 
(22) Jan. 17. 

Cost Power Production. Robinson. (Abstract paper read before the 
Inst. Engrs. and Shipbuilders Scotland.) (22) Jan. 

Smoke Suppression.* Edward Kunze. (12) Jan. 31. 

Gas-Engine Regulation for Direct-Connected Units. Charles Lucke. (42) Feb. 

Storage Wharf the Berwind Fuel Co., Superior, Wis. 

Progress European Governors.* George Massey, 2d. 

The Evolution the Petrol Carbureter.* Wright. 

The New Mill the Union Portland Cement Co.* (14) 

Air Blast Gas Appliances.* Eavenson. (Paper read before the Amer. Gas 
Inst.) (24) Feb. 

Water-Column Connections.* Wakeman. (64) Feb. 

Novel Electric Drive for Rolling Mills.* (64) Feb. 

The Use Water Jet Increase the Speed Rock Drilling and Formula 
Estimating the Amount Water Necessary. (86) Feb. 

Modern Factory Power Plant, that the Cleveland Twist Drill Company, Cleve- 
land, Ohio.* (20) Feb. 

Bulletin Instructions the Care and Operation Recuperative Benches.* 
Baehr. (Paper read before the Amer. Gas Inst.) (24) Feb. 10. 

des Sport.* Drouin. (33) Serial beginning Dec. 28. 

Etude sur Mouvement Chaleur dans les Parois des Cylindres Machines 
Vapeur.* Thonet. (37) Dec. 31. 

Ueber Verwendung von Pressluft Giessereibetriebe.* Otto Schmidt. (Paper 
read before the Deutsche Giessereifachleuten.) (50) Jan. 

Erfahrungen Bau und Betriebe von Herbert Baer and Hans 
Bonte. (48) Serial beginning Jan. 

Kupplungen fiir Kraftfahrzeuge.* Lutz. (82) Serial 

Raumbewegliche Georg Hanffstengel. (48) Jan. 


Serial begin- 
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Metallurgical. 


The Nomenclature Iron and Steel. 

Hardened Steels.* Percy Longmuir. 

The Hardening Steel.* Demozay. 

Lambert, Assoc. Inst. (71) Vol. 75. 

Case-Hardening. Shaw Scott. (71) Vol. 75. 

The Determination the Total Quantity Blast-Furnace Gas for Given Make 
and its Calorific Value. Josef von Ehrenwerth. (71) Vol. 75. 

The Cleaning Blast Furnace Gases.* Emile Bian. (71) Vol. 75. 

Application the Laws Physical Chemistry the Metallurgy Iron.* Baron 
von Jiiptner. (71) Vol. 75. 

Electro-Deposition Copper. Humboldt Sexton. (47) Jan. 

Air Lift Pumps for Slimes.* (12) Jan. 10. 

Mining and Smelting Cerro Pasco, Peru.* Clarence (16) Jan. 25. 

Utah’s Largest Copper Smelter.* Robert Brinsmade. (45) 

Method Handling Matte Selby, California.* James Feb. 

The Douglas Copper Smelter Fundicion, Mex.* (16) Feb. 

des Minerais Auriféres New Kleinfontein (Transvaal).* 

ec. 

Ueber und fiir die Stahlindustrie. Wilhelm Venator. 
(50) Serial beginning Jan. 

Ueber Langer. (50) Jan. 15. 


Der Unmittelbare Guss vom Hochofen insbesondere Rohrgiessereien. Irres- 
berger. (50) Jan. 22. 


Mining. 


Rescue-Apparatus for Use Mines. James Bain. (59) Vol. 30, Pt. 

Granite Quarrying Aberdeenshire.* William Simpson. (75) July, 1907. 

Diagram Showing Increasing Cost Rock Excavation Cuts become Shallow.* 
Jenssen. (87) Jan. 

Pit Bottom Arches and General Arrangements for Modern Collieries.* Barnes. 
(22) Serial beginning Jan. 10. 

The Method Breast Stoping Cripple Wolcott. Jan. 11. 

Apparatus for Indicating Fire Damp Coal Mines.* (46) Jan. 11. 

Sinking the Clonan Shaft Mineville, Y.* Guy Stoltz. Jan. 

Breathing Apparatus for Use Mines. Leonard Hill. (Paper read before the 
North Staffordshire Inst. Min. and Mech. Engrs.) (11) Jan. 17. 

for Compressed Air Mines.* Robert Brinsmade. 

an. 

New Fuse for Increasing the Safety Short-Firing Fiery Mines.* 
(From Annales des Mines.) (57) Jan. 24. 

Coal Mining Northumberland, England.* George Raylton Dixon. (16) Jan. 25. 

Kalgoorlie, West Gerard Williams. (16) 
an. 

The Greene Self-Dumping Car Haul; New System Handling and Dumping 
Mine Cars.* (20) Jan. 30. 

for Handling Mine Cars.* Greene. (16) Feb. 
(45) Feb 

The Use Water Jet Increase the Speed Rock Drilling and Formula 
Estimating the Amount Water Necessary. Feb. 

The Greenside Lead Mines, Cumberland.* Thomas Borlase. (16) Feb. 

Pompe Multicellulaire Commande Electrique installé Mine d’Altenwald 
(Allemagne). Goldenstein. (33) Dec. 28. 


Miscellaneous. 


Aerolith Breathing Apparatus.* Alfred (16) Jan. 11. 

High Cost Hauling Earth with Wagons. (86) Jan. 15. 

High Cost for Excavation with Carts. (86) Jan. 22. 

The Cost Earth Excavation with Wagons during Winter Weather. (86) Feb. 
Der Ingenieurdienst Osterreich. Franz Krenn. (53) Jan. 17. 


Municipal. 


Discussion the Annual Convention, July 10th, 1907. 
Data Oiling Park Roadways Kansas City, Mo. Dunn. (Abstract 
report the Board Park Commrs.) (86) Jan. 22. 
Illegal Guaranties Pavements. Howard. (60) Feb. 
National Cement Users Association for Cement Sidewalks. 
(86) 
The Detailed Cost Season’s Work Laying Asphalt Pavements, Labor and 
Materials Itemized Separately. Puffer. (86) Feb. 
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Municipal— (Continued). 


English Fire-Alarm System.* (13) Feb. 
Experiments with Tar and the Highways Rhode Island. Arthur 
read before the Amer. Assoc. for the Advancemt. Sci.) 
eb. 


Note sur Piochage Mécanique des Empierrements.* Bret. (43) Vol. 1907. 
Destructeurs des Grandes Vitesses Automobiles sur les Empierrements; 
Remarques Faites “Circuit Sarthe.” Salle. (43) Vol. 1907. 


Railroad. 


The System Electric Train Lighting.* (21) Jan. 

The Saltley Works the Metropolitan Amalgamated Railway Carriage and Wagon 
Co., Ltd. (21) Jan. 

Siemens Bros. Signalling and Interlocking Snow Hill, Birming- 
ham; Great Western Railway. (21) Jan. 


The Signalling and Interlocking the Electric Zone the New York Central and 
Hudson River Railroad.* (21) Jan. 

The Cost Three Short Single Track Tunnels. (87) Jan. 

The Siemens Brake for Fast Trains.* (88) Jan. 

the Endway Oscillation Locomotives Disturbing Movement?* Strahl. (From 
Annalen fiir Gewerbe und Bauwesen.) (88) Jan. 

The Latest 4-6-0 Type Locomotives the Southwestern and Great Central Rail- 
ways.* (47) Jan. 

Arrangement Railroad Shops.* Geo. Damon. (Paper read before the Cana- 
(15) Jan. 10; (14) Jan. 11; (18) Jan. 11; (40) Jan. 10; 

eb. 
Indian Railway Economics. Serial beginning Jan. 10. 
Features the Warwick Shops the Lehigh Hudson River Ry.* 


Jan. 11. 
Single-Phase Equipment the Windsor, Essex Lake Shore Rapid Railway.* 


The New Austrian Alpine Railways.* (12) Jan. 17. 

Alternating Current Automatic Block Signals the Highland Division the 
New York, New Haven Hartford.* (15) Jan. 17. 
Italian 4-Cylinder Compound Double-Ended Locomotive.* (40) 

The Present Status Rail Specifications. (40) Jan. 17. 
Milo Junction Shops Bangor Aroostook.* (40) Jan. 17. 


Forty-Ton Steel Hopper Ballast Car for the London Southwestern Railway 
England.* (40) Jan. 17. 


Indian Broad-Gauge Railways; Third-Class Coaching Stock.* Kelway Bamber. 
Jan. 1%. 


New Freight Car Repair Shops the Sante Fe.* (15) Jan. 17. 
Key West Extension the Florida Coast Ry.* (18) 


Jan. 17. 


Jan. 18. 
the Indiana Union Traction Company.* Taylor. (72) 
an. 
The British Locomotive. Graeme. (Paper read before the Rugby Eng. 
Soc.) (47) Jan. 18. 
Construction the Guelph Goderich Railway.* Grant MacGregor, Assoc. 
Am. Soc. (14) Jan. 18. 


Cost Wheel Scraper Work and Sloping Banks Railroad Job. (86) Jan. 22. 
Grade Revision the Canadian Pacific Railway British Columbia.* 


(13) 
Jan. 23. 
Microphotographs Steel Wheels and Tires.* Geo. Fowler. (From report 
the Schoen Steel Wheel Co.) (15) Jan. 24. 


Pacific Locomotive for the Lake Shore.* (40) Jan. 24. 

The New Yosemite Valley Railroad.* Danley. (40) 

Motor Car for the Delaware Hudson Co.* (18) Jan. 25; 
Jan. 25; (17) Jan. 25; (15) Jan. 31. 

The Lackawanna Interlocking Plant Hoboken, (40) Jan. 31; (15) Jan. 
81; (14) Feb. (13) Jan. 30. 

Railroad Construction the Philippine Islands.* Goodale. (40) Jan. 31. 

The Shelling Out Steel Wheels and Tires.* Geo. Fowler. (15) Jan. 31. 

Features Railway Converter Design and Operation.* Woodbridge. 
(42) Feb. 

Building Wooden Freight Cars, Canadian Pacific Railway.* (25) Feb. 

Locomotive Feed Water Heater, Central Georgia Railway.* (25) Feb. 

The Development Superheating Apparatus for Locomotives.* 


Feb. 
The Northampton Traction Company.* (17) Feb. 
Recent London Conduit Construction.* Rose. (Abstract paper read before 
the Jun. Inst. Engrs. London.) (17) Feb. 
Wabash Freight Terminal St. Louis.* (40) 


The Indianapolis Louisville Traction Co.* (18) Feb. 


Jan. 24. 
(40) Jan. 24; (72) 


(10) 
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Railroad—(Continued). 
The the Lehigh Hudson River Railway Warwick, Y.* 


Les Wagons Dynamométriques.* Rodrigue. (32) Nov. 

Application des Leviers d’Itinéraires (Systéme Bleynie Ducousso) Com- 
mande Electrique Distance des Aiguilles d’un Faisceau Triage par 
Gravité dans Gare Bordeaux-Saint-Jean.* Ch. (38) Jan. 

Essais Tiroirs Distribution Fonte, sur les Locomotives Compagnie 
Paul Conte. (38) Jan. 

Note sur Appareil Service sur Réseau Etat Destiné Faciliter 
des Wagons Servant Transport des Grands Bois.* Sirot. 

Chaudiére avec Feu Tubes d’Eau. Systéme Brotan.* (34) Jan. 

Locomotive Compound Grande Vitesse.* Ch. Dantin. (33) Jan. 18. 

Das Neue auf dem Hauptbahnhof Wiesbaden.* Cornelius. 
(49) Vol. 1-2, 1908. 

Verschiebebahnhof Hausbergen und Verlegung der Strecke bis Mitte 
Rhein bei Kehl.* Franken and Richard. (49) Vol. 1-2, 1908. 

Die Neuen Alpenbahnen und Zufahrtlinien der Schweiz.* (48) Serial 
beginning Jan. 


Der Schneepflug der American Locomotive Company.* Kerdyk. (82) 
an. 


Railroad, Street. 


Pringle’s Tangential System Supporting Overhead Trolley Wires.* (73) Jan. 10. 
New Car the United Railways Company, St. Louis.* (17) Jan. 


Electric Locomotive for Passenger and Freight Service; Metropolitan Railway, 
London.* (15) Jan. 17. 


Track Reconstruction San Francisco.* (17) Jun. 18. 
The Permanent Way.* Weber. (17) Jan. 


Substructures for Tracks Streets.* Weber. (72) 
an. 


Long Single-Truck Cars without Monitors.* (72) Feb. 

Typical Traction Cars.* Charles Heron. (Abstract paper read before the 
Ind. Eng. Soc.) (72) Feb. 

New Car House Construction New York.* (17) Feb. 

The Brooklyn Rapid Transit Company’s Type Elevated Car.* Feb. 

Commutating Pole Generators for Boston Elevated Railway.* (17) 

Note sur les Canalisations d’Air sous Pressions Leroux. Oct. 

Metropolitan Paris; Etat Actuel des Lignes Constituant Réseau 
Consistance Réseau Complémentaire.* Dumas. (33) Jan. 25. 


Sanitary. 


Sewer Pipe; its Use and Manufacture.* (76) Jan. 

Report Garbage and Refuse Disposal, Milwaukee, Wis. Rudolph 
(Abstract report the Common Council.) (13) Jan. 16; (14) Jan. 25. 

The Cameron Septic Tank Patent Sustained the Court Appeals. (13) Jan. 
28; (14) Jan. 25. 

The Hygiene Work Compressed Air.* Haldane. (29) Jan. 24. 

The Completion the Los Angeles, Cal., Outfall Sewer.* (14) Jan. 25. 

The Cost Excavating Sewer Trench with Potter Trench Machine.* (86) 
Jan. 

Modern Systems for the Ventilation and Tempering Buildings.* Percival Robert 
Moses. (9) Feb. 

The New Orleans Sewerage Case. Alexander Potter. (60) Feb. 

Sewerage and Sewage Disposal Fairmont, Minn.* Marston. (14) 

Septic Tank Ithaca, New York.* (14) Feb. 


Structural. 


The Laws Proportioning Concrete.* William Fuller and Sanford Thomp- 
son, Mems., Am. Soc. (54) Vol. 59. 

The Effects the San Francisco Earthquake April 18th, 1906, Engineering 
Construction. Reports General Committee and Six Special Com- 


mittees the San Francisco Association Members the American Societr 
Civil Engineers.* (54) Vol. 


The Nomenclature Iron and Steel. (71) Vol. 75. 
Further Experiments the Ageing Mild Steel.* Stromeyer. (71) 


ol. 75. 
New Blue-Black Iron Paint Protective Covering. Carulla. (71) 
Vol. 75. 


Single-Lever Testing Machine and Some Torsion Tests.* 
Charles Larard. (75) July, 1907. 
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Proportioning Lattice Bars.* Prichard and others. (58) Dec. 

Waterproof Engineering.* Edward Knight. (Paper read before the Bos- 
ton Soc. Civ. Engrs.) (1) 

Some Remarks Concerning the Construction, Distortion, and Re-Construction 
Annular Tank for Gasholder 60, 000 Cubic Meters Capacity Amsterdam.* 
van Rossum Chattel. (66) Dec. 31. 

Specifications for Hollow Concrete Block. Larned. (Report the National 
Assoc. Cement Users.) (67) Jan. 

The Cost Erecting Blacksmith Shop, Barn and Telegraph Office. (87) Jan. 

The Galesburg Timber Preserving Plant the Burlington.* (15) Jan. 10. 

Constructing Wall Forms with Special Plank Holders.* (86) Jan. 15. 

an. 

The Stadium Syracuse University.* (14) Jan. 18. 

Stresses Solid Beam Sections and the Strength Chain Rings.* Robert 
Smith. (12) Serial beginning Jan. 24. 

The Influence Bond Size Reinforcement Bars for Concrete. Wm. 
Creager. (14) Jan. 

Structural Features the Railway Shops Parsons, Kansas.* (14) Jan. 25. 

Reinforced Concrete from the Contractor’s Standpoint. Fox. (Paper read 
National Assoc. Cement Users. (13) Jan. 30; (14) Feb. (86) 
eb. 

New Systems Steel Sheet Piling with Clamp Connections.* (13) Jan. 30. 

Methods and Costs Concrete Construction with Separately Molded Members. 
Mason. (Abstract paper read before the National Assoc. Cement 
Users.) (60) Feb. 

Proposed Building Ordinance Governing Reinforced Concrete. (Report the 
National Assoc. Cement Users.) (60) Feb. 

Fire Prevention High Buildings; the Need Auxiliary Equipment. 
Freitag. (9) Feb. 

The Westport Reinforced Concrete Power House.* (14) Feb. 

Tests the Bond between Concrete and Steel. (13) Feb. 

Self-Sustaining Reinforcement Structural Shapes Cement Stock House.* 
(13) Feb. (14) Feb. 

Reinforced Concrete Cement Stock House.* Jordahl, Assoc. Am. Soc. 

The Necessity Continuity the Steel Reinforcement Concrete Structures. 
(Paper read before the National Assoc. Cement Users.) 

eb. 

L’Equation Générale des Constructions ses Applications. Ber- 
trand Fontviolant. (32) Oct. 

Pilotis (84) Dec. 

Der Neubau des Civilgerichts Halle Karl Illert. (49) Vol. 1-2, 1908. 

Die Feuersicherheit der Goldschmidt. (51) Jan. 

Die Neubauten der Kaffee-Handels-Aktiengesellschaft Bremen.* Schellenber- 
ger. (78) Jan. 

Ueber Baustoffbedarf, Dichtigkeit und Ihren auf die Wirtschaftliche Wahl 
der bei Betonbauten. Brabandt. (78) Jan. 

Zementfabrik fiir Drehofenbetrieb Eisenbeton.* (51) Serial beginning Jan. 15. 

Der Neubau der Kgl. Anatomie Miinchen.* (51) Serial beginning Jan. 15. 

Auseinandernehmbahre Holzbauten von Grosser Spannweite.* Treptow. (48) 
Jan. 15. 

Aehnlichkeit von Kalksandsteinen und Beton: Erwiderung. Michaélis, Jr. (80) 
Jan. 16. 

Maschinen Tiefkeller Hause Rudolph Hertzog Berlin.* Leitholf. (51) 
Serial beginning Jan. 18. 


Water Supply. 


Comparison between Rainfall and Run-Off the Northeastern United States.* 
John Hoyt, Assoc. Am. Soc. (54) Vol. 59. 

Discussion the Annual Convention, July 10th, 1907. 
(54) ol. 59. 

The Effects the San Francisco April 18th, 1906, Engineering 
Constructions. Reports General Committee and Six Special Com- 
mittees the San Francisco Association Members the American Society 
Civil Engineers.* (54) Vol. 59. 

Solution the Problem Determining the Economic Size Pipe for High- 
Pressure Water-Power Installation.* Arthur Adams, Am. Soc. 
(54) Vol. 59. 

The Waltham Reservoir.* Bertram Brewer. (28) Dec. 

Recent Improvements the Water Works Peabody, Mass., Pumping 
Plant and Distributing Reservoir.* Frank Barbour. 

Cast-Iron Pipe Specifications. William Conard. (28) Dec. 
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Water 


Peculiar Leak Main Pipe.* Robert Coggeshall. (28) Dec. 

Methods Pumping Deep Ground Waters.* Charles Burdick. (4) Dec. 

The Appraisal and Depreciation Water Works and Similar Properties.* 
liam Bryan. (Paper read before the Engrs. Club St. Louis.) (1) 

Water Supply Paris and Suburbs.* Easton Devonshire. (Abstract paper 
read before the Assoc. Water Engrs.) (66) Jan. 

Irrigation Egypt.* (12) Serial beginning Jan. 10. 

Proposed Auxiliary Water System for Fire Protection and Flushing Purposes. 
Thos. Woodward. (Abstract report the Water Commr., San Fran- 
(13) Jan. 16. 

Artesian Well Pumping Compressed Air. Tipper. (13) Jan. 16. 

The Croton Falls Reservoir, Croton Water System, (14) Jan. 18. 

Lecture Electrolysis.* Ganz. (Paper read before the Amer. Gas. Inst.) 
(24) Jan. 20; (83) Feb. 

Water for Economical Steam Generation. Wm. Greth. (9) Feb. 

Corrosion Wrought Iron and Soft Steel Pipes.* Thomson. (Abstract 
before the Amer. Soc. Heating and Ventilating Engrs.) (20) 

eb. 


Diaphragms for Earth Dams.* Hall, Am. Soc. 
ep. 

How Large Water Supply can Drawn from Croton Drainage Area, New York 
City. Alfred Flinn, Am. Soc. (13) Feb. 

The Water-Works Portland, Ore.* Hardesty. (13) Feb. 

Preliminary Work the Los Angeles Aqueduct.* (14) Feb. 

Notice sur Construction d’un Réservoir Maconnerie 22,000 Métres Cubes 
(43) Vol. 1907. 

Barrages Terre par Remblayage Hydraulique.* Dumas. 
an. 

Etude des Grandes Forces Hydrauliques Région des Alpes.* Paul Lévy- 
Salvador. (33) Serial beginning Jan. 18. 

Aegyptische Huber. (48) Jan. 11. 


Waterways. 


The Lower Colorado River and the Salton Basin.* Grunsky, Am. Soc. 
(54) Vol. 59. 

Aberdeen Harbour.* Gordon Nicol. (75) July, 1907. 

The Culebra Cut the Panama Canal.* Zinn. (4) 

Flow Data from Water-Power Standpoint. Charles Chandler. (28) 

ec. 

Tke Cost Steam Shovel Excavation and Dredging Panama. (Abstract 
Report the Isthmian Canal Comm.) (87) Jan.; (86) Jan. 

Construction and Unit Costs Concrete Lock, Rough River, Kentucky.* (Comp. 
from Annual Report Chf. Engrs. A.) (13) Jan. 

The Physical Difficulties Modern Harbour and Dock Extension. 
Austen, Assoc. Inst. (11) Jan. 10. 

The Flushing Tunnel for the Gowanus Canal Brooklyn, Y.* (14) Jan. 11. 

The High Needle Dams the Big Sandy River, A.* Thomas, Am. 
Soc. (41) Jan. 17. 

Sanganeb Lighthouse, Red Sea.* (12) Jan. 24. 

Dredging Costs the Saint Lawrence River and other Parts Canada.* 
Emile Low, Am. Soc. (13) Jan. 30. 

Construction Lock Erie Barge Canal.* Oscar Hasbrouck. (14) Feb. 
Considérations Théoriques sur les Jaugeages des Cours d’Eau Fond Mobile.* 
Tavernier. (43) Vol. 1907. 

Projet Zuyderzée.* Sanders. (84) Dec. 
Zur Konstruktion Beweglicher Wehre Fliissen.* Karl Friedrich. (53) Jan. 
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THE SOCIETY 


February 19th, 1908. 


President Charles Macdonald the chair; Chas. Warren Hunt, 
Secretary; and present, also, members and guests. 

paper Worcester, Am. Soc. E., entitled “Safe 
Stresses Steel Columns,” was presented the author. The Secre- 
tary presented written communications the subject from Messrs. 
Henry Seaman, Luzerne Cowles, Charles Emmons, Henry 
Prichard, Horace Horton, and Shearwood, and the paper was 


discussed orally Messrs. Rights, Ernst Jonson, Force, 
George Blakeley, and the author. 


Adjourned. 


q 
4 
meeting was called order 8.30 
| 
| 


132 MINUTES MEETINGS [Society 


President Charles Macdonald the chair; Chas. Warren Hunt, Secre- 
tary; and present, also, 152 members and guests. 

The minutes the Annual Meeting, January 15th, and the 
meeting February 5th, 1908, were approved printed the 
Proceedings for February, 1908. 

paper Chew, Assoc. Am. E., entitled “Effect 
Earthquake Shock High Buildings,” was presented the Secre- 
tary, who also read communication the subject from Guy 
Waite, Am. Soc. E., and the paper was discussed orally 
Stern, Am. Soe. 

Rights, Am. Soc. E., offered the following 


motion: 


“That Special Committee appointed (as provided for 
Article VI, Section 12, the Constitution), 
columns and struts, and report upon their design, ultimate strength 
and safe working values, and that the matter referred the Board 
Direction.” 


The motion, being duly seconded, was adopted vote more 
than twenty-five Corporate Members. 

The Secretary announced the receipt letter from the Secretary 
the American Institute Electrical Engineers inviting the mem- 
bers this Society attend meeting held the Auditorium 
the Engineers’ Building, West 39th St., New York City, the 
evening March 5th, 1908, M., which time Gifford Pinchot, 
Assoe. Am. Soe. E., Forester the United States Department 
Agriculture, will deliver lecture Forest Preservation. 

Ballots for membership were canvassed, and the following candidates 
elected 

Harry Brookline, Mass. 
Forp Dawson, Philadelphia, Pa. 
Harvey Brown Chicago, 
Everett Foss, Boston, Mass. 
Tuomas San Francisco, Cal. 
Lea, Buenos Aires, Argentine Republic. 
Jr., Bon Air, Tenn. 
Epwarp New Haven, Conn. 


MEMBERS 


James Ft. Ward, Wash. 
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Brown, New York City. 
Manila, Philippine Islands. 

Ray Mitchell, Nebr. 
STEPHEN Prentis Canandaigua, 
Lauper Kennewick, Wash. 
Louis Davis, Flat River, Mo. 

Los Angeles, Cal. 

Carson City, Nev. 

New York City. 


Howarp GREEN, Philadelphia, Pa. 
Bernarp Boston, Mass. 


The Secretary announced: 


The transfer the following candidates the Board Direc- 
tion March 3d, 1908: 


Emerson Davis, Brown Station, 

North Yakima, Wash. 


The election the following candidates the Board Direction: 


December 3d, 1907: 


Ann Arbor, Mich. 


February 4th, 1908: 


Hayes, Villanova, Pa. 
Van RENSSELAER Saxe, New York City. 
SwEENEY, McKeesport, Pa. 


| 
7 
| 
2 


= 


134 MINUTES MEETINGS [Society 


March 3d, 1908: 


Burns Easton, Aberdeen, Dak. 
Gram, New York City. 

Francis New York City. 
Henry Hurp Sandwich, Mass. 


The Secretary announced the following deaths: 

elected Member, June 7th, 1876; died February 23d, 
1908. 
elected Member, February 5th, 1902; died 
February 21st, 1908. 


Adjourned. 
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THE BOARD DIRECTION 
(Abstract) 


March 3d, 1908.—President Macdonald the chair; Chas. Warren 
Hunt, Secretary; and present, also, Messrs. Bensel, Brackett, Harrison, 
Hodgdon, Kittredge, Knap, Schneider, Smith, Swensson, and Tillson. 

Applications were considered, and other routine business transacted. 

Seven Associate Members were transferred the grade Member, 
and eight for Junior were elected. 


Adjourned. 
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ANNOUNCEMENTS 


every day, except Sundays, Fourth July, Thanksgiving Day, and 
Christmas Day. 
MEETINGS 


Wednesday, April 1908.—8.30 M.—Ballots for membership 
will canvassed, and paper entitled, “Erection the Bellows Falls 
Arch Bridge,” Rights, Assoc. Am. Soc. E., will 
presented for discussion. 

This paper printed this number Proceedings. 


Wednesday, April 15th, 1908.—8.30 M.—At this meeting, 
paper entitled “Recent Developments Pneumatic Foundations for 
Buildings,” Usina, Assoc. Am. Soc. E., will presented 
for discussion. 


This paper printed this number Proceedings. 


Wednesday, May 6th, 1908.—8.30 M.—Ballots for membership 
will canvassed, and paper entitled “Substructure Piscataquis 
Bridge, and Analysis Concrete Work,” Hersey, Jun. Am. 
Soe. E., will presented for discussion. 

This paper printed this number Proceedings. 


PAPERS AND DISCUSSIONS 

The Board Direction has made the following ruling with regard 
papers: 

(1).—That future, all papers accepted the Publication Com- 
mittee shall classified the Committee with respect their avail- 
ability for discussion meetings. 

(2).—That papers which, from their general nature, appear 
character suitable for oral discussion shall published here- 
tofore Proceedings, and set down for presentation future meet- 
ing the Society, and that, these, oral discussion well written 
communications, shall solicited. 

(3).—That all papers which not come under this heading, that 
say, those which, from their mathematical technical nature, 
the opinion the Committee, are not adapted oral discussion, 
shall not scheduled for presentation any meeting. That such 
papers shall published Proceedings the same manner those 
which are presented meetings, but that writien discussions 
only shall requested for subsequent publication Proceedings and 
with the paper the volumes Transactions. 

* * * * * 

The President the Society wishes announce that, carry out 

still further the idea this ruling the Board, will his endeavor, 
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presiding the meetings the Society, confine the discussions 
meetings, far appears possible and desirable, oral 
interchange opinion. may that this will not exclude the read- 
ing all written discussions, but will exclude the presentation 
written communications which are similar nature the papers 
which the Committee authorized print without presentation 
meeting. 

The President requests the assistance members making the 
meetings the Society more interest, and this can done each 
member who wishes discuss paper, will throw aside his manuscript 
for the time being, has written one, and talk directly the meet- 
ing, bringing out such points seem him interest. Whether 
has prepared discussion the subject not, ample time will 
given for the revision any remarks made. The stenographer’s re- 
port what each person has said discussion always mailed 
him, and liberty enlarge upon and amend any 
way, or, sees fit, request that not published all. 

While the attendance the meetings the Society has increased 
very much the past year so, felt that much more interest 
might developed more general and informal exchange ideas, 
and that this the real object holding meetings. The subsequent 
publication intended preserve what valuable the points that 
have been brought out such discussion and the written com- 


munications received from those who were not able present 
the meetings. 


ANNUAL CONVENTION 
The Fortieth Annual Convention the Society will held 


Denver, Colo., June 23d 26th, 1908. 


The general arrangements for the Convention are the hands 
the following Committees: 


COMMITTEE THE BOARD DIRECTION 


LOCAL COMMITTEE 


Tuomas Jaycox 
Joun BEELER Burr 


fe. 
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PRIVILEGES ENGINEERING SOCIETIES 
EXTENDED MEMBERS THE 
AMERICAN SOCIETY CIVIL ENGINEERS 


Members the American Society Civil Engineers will wel- 


comed the following Engineering Societies, both the use their 
Reading Rooms and all Meetings: 


American Institute Mining Engineers, West Thirty-ninth 
Street, New York City. 
dos Engenheiros Civis Portuguezes, Lisbon, 
Australasian Institute Mining Engineers, Melbourne, Victoria, 
Australia. 
Boston Society Civil Engineers, 715 Tremont Temple, Boston, 
Mass. 
Brooklyn Engineers’ Club, 197 Montague Street, Brooklyn, 
Canadian Society Civil Engineers, 877 Dorchester Street, Mon- 
treal, Que., Canada. 
Civil Engineers’ Club Cleveland, 718 Caxton Building, Cleveland, 
Ohio. 
Civil Engineers’ Society St. Paul, St. Paul, Minn. 
Cleveland Institute Engineers, Middlesbrough, England. 
Engineers’ and Architects’ Club Louisville, Ky., 303 Norton 
Building, Fourth and Jefferson Streets, Louisville, Ky. 
Engineers’ Club Baltimore, Baltimore, Md. 
Engineers’ Club Central Pennsylvania, Corner Second and 
Walnut Streets, Harrisburg, Pa. 
Engineers’ Club Philadelphia, 1122 Girard Street, Philadelphia, Pa. 
Engineers’ Club St. Louis, 3817 Olive Street, St. Louis, Mo. 
Engineers’ Society Western Pennsylvania, 803 Fulton Building, 
Pittsburg, Pa. 
Institute Marine Engineers, Romford Road, Stratford, Lon- 
don, E., England. 
Institution Engineers the River Plate, Buenos Ar- 
gentine Republic. 
Institution Naval Architects, Adelphi Terrace, 
England. 
Junior Institution Engineers, Victoria Street, Westminster, 
W., London, England. 
Koninklijk Instituut van Ingenieurs, The Hague, The Netherlands. 
Louisiana Engineering Society, 604 Tulane-Newcomb 
New Orleans, La. 
Memphis Engineering Society, Memphis, Tenn. 


Institute Mining, Civil and Mechanical Engineers, 
Sheffield, England. 
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Montana Society Engineers, Butte, Montana. 

North England Institute Mining and Mechanical Engineers, 
England. 

Oesterreichischer Ingenieur- und Architekten-Verein, Eschen- 
bachgasse Vienna, Austria. 

Pacific Northwest Society Engineers, 617-618 Pioneer Build- 
ing, Seattle, Wash. 

Rochester Engineering Society, Rochester, 

Sachsischer Ingenieur- und Architekten-Verein, Dresden, Ger- 
many. 

Sociedad Colombiana Ingenieros, Bogota, Colombia. 

Societe des Ingenieurs Civils France, Rue Blanche, Paris, 


France. 

Society Engineers, Victoria Street, Westminster, W., 
England. 

Svenska Teknologforeningen, Brunkebergstorg 18, Stockholm, 
Sweden. 


Tekniske Forening, Vestre Boulevard 18-1, Copenhagen, Denmark. 
Western Society Engineers, 1737 Monadnock Block, Chicago, 


SEARCHES THE LIBRARY 


January, 1902, the Secretary was authorized make searches 
the Library, upon request, and charge therefor the actual cost 
the Society for the extra work required. Since that time many searches 
have been made, and bibliographies and other information special 
subjects furnished. 

The resulting satisfaction, the members who have made use 
the resources the Society this manner, has been expressed fre- 
quently, and leaves little doubt that, were generally known the 
membership that such work would undertaken, many would avail 
themselves it. 

The cost trifling, compared with the value the time en- 
gineer who looks such matters himself, and the work can per- 
formed quite well, and much more quickly, persons familiar with 
the Library. 

asking that such work undertaken, members should specify 
clearly the subject covered, and whether references general 
books only, are desired, whether complete bibliography, involving 
search through periodical literature, desired. 

reference this work, the Appendix* the Annual Report 
the Board Direction for the year ending December 31st, 1906, con- 
tains summary all searches made that date. 


*Proceedings, Vol. (January, 1907). 
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LOCAL ASSOCIATIONS MEMBERS THE AMERICAN 
SOCIETY CIVIL ENGINEERS 
San Francisco, Cal. 


(Abstract) 


December 18th, 1907.—The annual meeting the San Francisco 
Association Members, Am. Soc. E., was held; Adams, 
President, the chair; Franklin Riffle, Secretary; and present, also, 
members and guest. 

The minutes the previous meeting were corrected and approved. 

The Secretary presented his annual report. Since the last annual 
report, six regular meetings have been held, the average attendance be- 
ing 37, more than the average attendance for the previous year. 
There have been additions the membership and resignations 
during the year—a net gain 19—making the present membership 99. 

The Treasurer reported that the receipts for the year had been 
117.64, and the disbursements $470.69, leaving balance $646.95. 

The following officers were elected: 


President, Marx, serve one year. 
Vice-President, serve two years. 


Mr. Galloway introduced resolution the effect that the Execu- 
tive Committee authorized expend 75% the funds hand 
the purchase books, pamphlets, etc., form the nucleus library 
for the Association; further, that the Executive Committee em- 
powered rent room serve the headquarters the Association 
and the location the Library; and that the Secretary instructed 
take postal-card ballot upon the adoption the resolution. 

After discussion, was moved amendment that the arguments 
pro and con prepared the Board Directors, and that copies 
sent the members simultaneously with the Secretary’s request 
for ballots the resolution. The amendment was accepted, and the 
resolution amended was adopted. 

The Secretary was directed arrange for letter-ballot the 
question amending Article Section the Constitution, pro- 
viding that the dues “payable annually advance the first day 
January.” 

Luther Wagoner, Am. E., gave informal talk his 
recent investigations harbor improvements the United States 
and Europe. the discussion which followed, Messrs. Gates, Boggs, 
Duryea, Couchot, and Manson took part. 

DeBerard, Assoc. Am. Soc. E., gave general de- 
scription the conditions met the problem filtering the water 
supply Oakland, Cal., and the subject was discussed Messrs. 
Adams, Wagoner, Fowler, Pearse, and Manson. 


Adjourned. 
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ACCESSIONS THE LIBRARY 
(From February 11th March 9th, 1908) 


DONATIONS* 
THE METALLURGY IRON AND STEEL 


Bradley Stoughton. Cloth, illus., 509 pp. New 


York, Hill Publishing Company, 1908. $3.00. (Donated the 
Author and the Publishers.) 


This book, stated the author, history the progress the iron and 
steel industry the United States. such, said cover every portion the 
art extracting the metal from its ores and its adaptation the requirements 
modern civilization. intended serve text-book for engineers and archi- 
tects and also for those engaged any work allied with engineering metallurgy, 
well for the college student. The Contents are: Introduction; Iron and 
Carbon; The Manufacture Pig Iron; The Purification Pig Iron; The Manu- 
facture Wrought Iron and Crucible Steel; The Bessemer Process; The Open- 
Hearth Siemens-Martin Process; Defects Ingots and Other Castings; The 
Mechanical Treatment Steel; Iron and Steel Founding; The Solution Theory 
Iron and Steel; The Constitution Steel; The Constitution Cast Iron; Malleable 
Cast Iron; The Heat Treatment Steel; Alloy Steels; The Corrosion Iron and 
Steel; The Electro-Metallurgy Iron and Steel; The Metallography Iron and 
Steel and Physics Introductory Metallurgy. There index 
authorities cited the text and general index nineteen pages. the end 
most the chapters, the author gives bibliography the subject the chapter. 


MASSEN-DISTILLATION VON WASSER 


Insbesondere zur Erzeugung von Trinkwasser und Lokomotiv- 
Speisewasser. Von Ludwig Bothas. Paper, in., illus., pp. 
Berlin, Julius Springer, 1908. marks. 


great deal has been published relative the distillation water small 
quantities and the building small apparatus required for that purpose. The 
literature the distillation water vast quantities and the construction the 
apparatus required for such purposes, however, scarce and widely scattered. 
The author states that the best treatises the latter subject, issued during the 
last few years, have been published the Russian language, and that this pamphlet 
written order show the methods used and the results obtained that coun- 
try and other places, and give them wider circulation. The Contents are: Die 
verschiedenen Arten der Wasserreinigung; Bau und Betrieb von Wasser-Distillier- 
anlagen; Rentabilitat der Verwendung distillierten Wassers 
Die Trinkwasser-Distillieranlagen von Baku; Anhang. bibliography water 
distillation published the English, German and Russian languages, given 
the Appendix. There index. 


AUTOMATIC BLOCK SIGNALS AND SIGNAL CIRCUITS 


American Practice the Installation and Maintenance Signals 
Electrically Controlled, and Operated Electric Other Power, with 
Descriptions the Accessories now Regarded Standard. Ralph 


Scott. Cloth, in., pp., illus. New York, McGraw 
lishing Company, 1908. $2.50 net. 


After chapter definitions terms, etc., the author describes the various 
signal circuits, which description followed discussion signal motors, 
relays, etc. railway signals are fully possible, considering 
their transitory state progress, the electro-gas and three-position signals being 
treated from both the electrical and structural viewpoints. locking next 
discussed, and description given all-electric interlocking apparatus 
manufactured the General Electric Company. stated that the question 
normal danger vs. normal cleared not argued this book, but that data both 
these systems indication are given, the reader being left draw his own conclu- 
sions their relative merits. The author has omitted the history signaling, 
and railroad terms have not been used the text. The Contents are: Preliminary 
Considerations; Simple Circuits; Normal Danger Circuits; Normal Clear 
Semi-Automatic Circuits; Batteries; The Track Circuit; Controlled Manual Sys- 
tems; Motors, Relays, etc.; Hall Apparatus; Union Apparatus; Electro-Pneumatic 
and Blectro-Gas Signals; Locking; All-Electric Interlocking; Three-Posi- 
tion Signals; Electric Railway Signals; Maintenance. There index three 
pages. 


Unless otherwise specified, books this list have been donated the publisher. 
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DIE CHEMISCHEN STROMQUELLEN DER ELEKTRIZITAT 


Von Dr. Curt Grimm. Paper, 211 pp. 
Miinchen und Berlin, Oldenbourg, 1908. 


This book the fourth volume the series Baumann and Dr. Rellstab 
entitled Schwachstromtechnik The present volume 
divided into which Part stated the preface, contains most 
comprehensive review the subject primary elements. Part devoted 
descriptions accumulators and their construction. There are three appendices 
containing, respectively, table patents issued Germany during the last fifteen 
years, bibliography books and periodical literature the subject, and 
index, the book itself, seven pages. The Contents are: Part 
Allgemeine Theorie; Elemente ohne Polarisation; Elemente mit vollkommener De- 
polarisation; Elemente mit unvollkommener Depolarisation; 
Hermetisch verschlossene Elemente, Lager- und Fiillelemente; Einige besondere 
Die Normalelemente. Part II, Die oder 
Akkumulatoren: Allgemeines; Die Bleiakkumulatoren: Theoretisches; Allgemeines 
die Akkumulatorplatten: Die bekannteren Konstruktionen der Praxis; Nicht- 
bleiakkumulatoren. 


CANADA’S FERTILE NORTHLAND 


Glimpse the Enormous Resources Part the 


Regions the Dominion. Evidence Heard Before Select Commit- 
tee the Senate Canada During the Parliamentary Session 
1906-7, and the Report Based Thereon. Edited Captain Ernest 
Chambers; Published under Direction Young, Superintendent, 
Railway Lands, Department the Interior, Canada, from Whom 
Copies this Report may Obtained, Free, upon Application. 
Paper, in., 139 pp., illus. Ottawa, Government Printing 
Bureau, 1907. 


This report covers the geographical and physical features the northern parts 
the Provinces Alberta and Saskatchewan, and the Mackenzie Territory, and 
the Territories Keewatin and Ungava. The inquiry was based schedule 
subjects as. follows: Agriculture, Forestry, Fisheries, Minerals, Climate, Settle- 
ments, and Means Communication, and this order was followed the Committee 
securing evidence for its reports the regions question. number pho- 
tographs are included, and the report accompanied separate maps showing 
mineral deposits, waterways, petroleum borings, and temperature charts. The 
Contents are: Introduction; Report the Select Committee the Senate 
Canada; The Evidence; The Territory Ungava; The Region West Hudson 
The Navigability Hudson Bay; The Climate Northern Canada. 


Gifts have also been received from the following: 
Am. Assoc. for the Advancement Sci. Chicago Terminal Transfer Co. 


vol. pam. 
Am. Ry. Eng. and Assoc. Cornell Univ. vol. 

bound vol. Eng. Assoc. the South. vol. 
Arnold, pam. Engrs.’ Club Central Pennsylvania. 
Assoc. Am. Portland Cement Mfrs. bound vol. 

pam. Fall River, Mass.-Watuppa Water Board. 
Assoc. Ontario Land Surv. vol. pam. 
Assoc. Ry. Supts. Bridges and Bldgs. Fisher, vol. 

Atlas Portland Cement Co. pam. Fuertes, pam. 
Ballore, Count Montessus de. pam. Haverhill, Mass.-Bcard Water Commrs. 
Belzner, Theodore. pam. pam. 
Bengal, India-Under Secy. Govt. Hoyt, pam. 

bound vol. Independent Asphalt Assoc. pam. 


Bryan, pam. India-Ry. Board. pam. 
Buffalo, Y.-Dept. Public Works. Inst. Civ. Engrs. bound vol. 
vol. Junior Institution Engrs. bound 
Calder, pam. vol. 
Canada-Board Ry. Commrs. pam. Kernot, pam. 


Canada-Dept. the Interior. pam. Kgl. Technische Hochschule Berlin. 
Canada-Dept. Rys. and Canals. vol., pam. 

pam. Mass. Inst. Tech. pam. 
Canadian Min. Inst. vol. Met. West Side Elev. Ry. Co. pam. 
Cape Soc. Civ. Engrs. vol. Midland Ry. pam. 
Chemists’ Club. pam. Milwaukee, Wis.-Mayor. pam. 
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Moyer, Albert. pam. St. Paul, Minn.-City Comptroller. 
National Assoc. Cotton Mfrs. bound bound vol. 

vol. Sears, pam. 


New Jersey-State Board Health. Sherrerd, 


pam 
am. Smithsonian Institution. vol., pam. 
New City-Comptroller. bound Soc. Naval Archts. and Marine Engrs. 
vol. 


pam. 

New York State Library. bound vol. Southern Pacific Co. pam. 

New York Univ. vol. Timonoff, vol. 

Ohio-State Board Health. bound Bureau Education. hound vol. 
vol. Bureau Steam Eng. pam. 


Ontario, Ont.-Chf. Health Officer. vol. Forest Service. pam. 
Punjab, India-Public Works Dept. Interstate Commerce Comm. 


bound vol. pam. 
Reading Iron Co. Office Exper. Stations. pam. 
Reptblica Argentina- General Watson, pam. 

Vias vol. Westinghouse, Church, Kerr Co. vol. 
Richards, pam. Winnipeg, Man.-City Engr. pam. 


PURCHASE 


Compilation the Records the Colorado Springs Lighting 
Controversy with Introduction and Epitome. Henry Floy. New 
York, Engineering Publishing Company, 1908. 


Modern Baths and Bath Houses. William Paul Gerhard. New 
York, John Wiley Sons; London, Chapman Hall, Limited, 1908. 


Thermodynamics the Steam Engine and Other Heat Engines. 
Cecil Peabody. Fifth Edition, Rewritten. New York, “John 
Wiley Sons; London, Chapman Hall, Limited, 1907. 


Carbureting and Combustion Alcohol Engines. Ernest Sorel. 
Tr. from the French bySherman Woodward and John Preston. New 
York, John Wiley Sons; London, Chapman Hall, Limited, 1907. 


Tables the Properties Steam and Other Vapors and Tempera- 
ture-Entropy Table. Cecil Peabody. Seventh Edition, Re- 


written. New York, John Wiley Sons; London, Chapman Hall, 
Limited, 1907. 


Electrical Traction. Ernest Wilson and Francis Lydall. Vol. 
Vol. Direct Current; Vol. Alternating Current. New York, 
Longmans, Green Co.; London, Edward Arnold, 1907. 


Hand-Book American Gas-Engineering Practice. Nisbet- 
Latta. New York, Van Nostrand Company, 1907. 


The Practical Design Irrigation Works. Bligh. New 


York, Nostrand Company, 1907. 


SUMMARY ACCESSIONS 
From February 11th March 9th, 1908 


Donations (including duplicates)..... 
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MEMBERSHIP 


ADDITIONS 
(February 12th March 10th, 1908.) 


MEMBERS 
ALLEN, WALTER Civ. Engr., Jun. 
Davis, Dept. Engr., 
Board Water Supply, City New 
York, Brown Station, Y.......... 


Dawson, Epwin Forp. Asst. Chf. Engr., Ry., 
Room 516, Reading Terminal, Philadelphia, Pa.... 
WILLIAM 775 Seventh Ave., New York 
FLEMING, Brown. 1601 First National Bank 
Foss, Cons. Engr.; also Div. Engr., 
Met. Water-Works, Ashburton Boston, 
GRIFFIN, WILLIAM REID WESLEY. Gen. Supt. Transpor- 
tation, Rochester Ry. Co., 267 State St., Rochester, 
JR. Gen. Pode- 
rosa Min. Co.; Care, Anglo-South Am. 
Bank, Antofagasta, Chili (also 
Austin Friars, London, England)..... 
KELLEY, JAMES Res. Engr., Wash- 


ington, Baltimore Annapolis Ry., 

Minor, Epwarp 493 Edgewood Ave., Jun. 

Ocawa, Prof. Civ. Eng., Kyoto Imperial 


Epwarp Chf. Engr., C., St. Ry., 
Pacific Extension, West Butte, 605 Colman Bldg., 

Morgan Bldg., Buffalo, Y.......... 

SHEPARD, Hupson. Supt., Div., D., 

von Empercer, Fritz Vienna, IV, 

Mech. Engr., 213 Boston Bldg., 


[Society 


Date 
Membership 
May 1900 
1903 
Feb. 1908 
1898 
Mar. 1908 
Oct 1907 
Mar. 1908 
Mar. 1908 
Feb. 
Sept 
Dee 
Mar. 
Sept. 
Mar. 
May 
Mar 
SPE 
STE 
Dec. 
Sept 
Mar 
Feb. 
Feb. 
Feb. 
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MEMBERS (Continued) 


Jun. 
YEREANCE, WILLIAM Cons. 


418 Center St., South Orange, J.... 


ASSOCIATE MEMBERS 


Ernest. 6509 Wheeler St., Oakland, 


STEPHEN PRENTIS. Engr., Canandaigua Gas Light 
Co., Canandaigua, 


653 Main St., Niagara Falls, 


Sarle; Address, Oriole Ave., Provi- 


JOHN WILLIAM. 630 West 135th St., New York 
City 


GuIsE, West 32d St., J......... 
THEODORE FERDINAND. 2004 Madison Ave., New 
SAMUEL JEFFERSON. (Mason Smith), 102 Smith 
ARTHUR THOMAS. Care, Trussed Concrete Steel 
PAYNE, JAMES 543 Pacific Elec. Bldg., Los An- 
Por, TINKER, City Engr. and Supt. Water 
Por, 1458 Lakewood Ave., Lakewood, 


ROBINSON, REUBEN Bonn Weehawken, 


thorn Ave., Ludlow, 


STEPHENSON, FRANK HENRY. 2425 Ingleside Ave., Cin- 


WINCHESTER, Asst. Engr., 


Jun. 


Watertown, 


ASSOCIATE 


1722 Land Title Bldg., Phila- 
delphia, 


Assoe. 
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Date 
Membership 

1896 
Mar. 1908 
Oct 1907 
Mar. 1908 
Oct 1907 
Sept. 1905 
Mar. 1908 
Sept. 1907 
Nov. 1907 
Feb. 1908 
Jan 1908 
Jan 1908 
Feb. 1908 
Feb. 1908 
Feb. 1908 
Mar. 1908 
1905 
Feb. 1908 
Jan 1908 
Jan. 1902 
Feb. 1908 
Mar. 1908 
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Date 
Membership 

ANDRUS, LEONARD ALEXANDER. Rome, Jan. 1908 
151 Remsen St., Brooklyn, 

ESTABROOK, GEORGE MITCHELL. 338 West 23d St., New 

RAFAEL SANCHEZ. Galiano 66, Havana, Cuba.... Feb. 1908 

CAMBERNE. 105 West 76th St., New 

JAMES FRANCIS. Grove St., Middletown, 

Lowry, JoHN, Jr. Civ. Engr. and Contr., East 22d St., 

519 Gilbert St., Iowa City, 

WARFIELD. 156 Fifth Ave., Room 1226, 

Matcomson, ALFRED Railroad Ave., Freeport, 

CHENEY. Care, Newton Eng. Co., 

Henry Asst. Engr., Sewerage 

Comm., North Ave., Baltimore, Md.......... Jan.. 1908 
RENNELL, Henry Hurp. Box 64, Sandwich, Mass........ Mar. 1908 
SWEENEY, BERNARD. 703 East Parkway, McKees- 

WARREN Care, Detroit River Tunnel 

506 Am. Savings Bank Bldg., 


CHANGES ADDRESS 


MEMBERS 


AIKEN, WILLIAM Inspecting 151 South Centre St., Beth- 
lehem, Pa. 


Bridge Engr., West. Pac. Ry. Co., 961 
San Francisco, Cal. 

JAMES GARNETT. 1580 Amsterdam Ave., New York City. 

James. Div. Engr., A., Ry., Marceline, Mo. 
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MEMBERS 


CoLLIER, Engr. for John Rodgers, 1929 Amsterdam 
Ave. (Res., 2721 Bainbridge Ave., Bronx), New York City. 

ERLANDSEN, Oscar. 100 East 34th St., New York City. 

Ernst, Brig.-Gen., (Retired); Chairman, Am. 


Section, International Waterways Comm., 605 Fourteenth St., 
Washington, 


Payson. 
HALLIHAN, JOHN PHILIP. 
Bolivia. 

JOHNSON, ALBERT LINCOLN. 
France. 
JUENGST, Care, Am. Water Works Gas Co., 

Box 1103, Pittsburg, Pa. 
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Bulletin, American Iron and Steel 
Assoc., Philadelphia, Pa. 

American Gas Light Journal, New 
York City, 10c. 

New York 
City, 20c. 

Electrical Review, London, Eng- 


land. 
World, New York City, 


(28) 
(29) 
(30) 
(31) 
(32) 
(33) 
(34) 
(35) 
(37) 
(38) 
(40) 
(41) 
(42) 
(43) 
(44) 


(45) 
(46) 
(47) 
(48) 
(49) 
(50) 
(52) 
(53) 


(54) 
(55) 
(56) 


Journal, New England Water- 
Works Assoc., Boston, Mass., $1. 

Journal, Society Arts, London, 
England, 15c. 

Annales des Publics 
Belgique, Brussels, Belgium. 

Annales VAssoc. des Ing. Sortis 
des Ecoles Spéciales Gand, 
Brussels, Belgium. 

Mémoires Compte Rendu des 
Soc. Ing. Civ. 
France, Paris, France. 

Génie Civil, Paris, France. 

Portefeuille Economiques des Ma- 
chines, Paris, France. 

Nouvelles Annales Construc- 
tion, Paris, France. 

Revue Mécanique, Paris, France. 

Revue Générale des Chemins 
Fer des Tramways, Paris, 
France. 

Railway Age, Chicago, 10c. 

Machinery, Chicago, IIl., 

Proceedings, Am. Inst. Elec. 
Engrs., New York City, 50c. 
Annales des Ponts Chaussées, 

Paris, France. 

Journal, Military Service Institu- 
tion, Governor’s Island, New 
York Harbor, 50c. 

and Minerals, Scranton, Pa., 

American, New York City, 


Mechanical Engineer, Manchester, 
England. 

Zeitschrift, Verein Deutscher In- 
genieure, Berlin, Germany. 

Zeitschrift fiir Bauwesen, Berlin, 
Germany. 

Stahl und Eisen, Diisseldorf, Ger- 
many. 

Deutsche Bauzeitung, Berlin, Ger- 

Rigasche Industrie-Zeitung, Riga, 
Russia. 

Zeitschrift, Oesterreichischer In- 
genieur und Architekten Verein, 
Vienna, Austria. 

Transactions, Am. Soc. E., New 
York City, $5. 

Transactions, Am. Soc. E., New 
York City, $10. 

Transactions, Am. Inst. Min. 
New York City, $5. 


(57) 


ENGINEERING LITERATURE 151 


Colliery Guardian, 
ondon, Eng 


Proceedings, Inst. Mech. Engrs., 


London, England. 
(59) Transactions, Mining (77) Journal, Inst. Elec. Engrs 
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London, England. 
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Pyrmont Bridge, Sydney, W.* 
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Percy Allan. (63) Vol. 170. 
Swing-Bridge over the River Avon, Bristol.* 


William Henry Bourchier Savile. 


Some Concrete Viaducts the West Highland Railway.* Walter Stuart Wilson. 


170. 


Sinking Well and Cylinder Foundations. 


Jan. 


Edward Stoney, Inst. (11) 


New Swing-Bridge over the River Hull Sculcoates, Hull.* (11) Serial begin- 


ning Jan. 31. 


Method and Cost Constructing Reinforced Concrete Culvert.* (86) Feb. 12. 

Formulas for Estimating the Quantities Timber and Pile Trestles 
eb. 

Fairmount Park, Philadelphia.* (14) 


The Weehawken Transfer Bridges the West Shore Railroad.* (14) Feb. 15. 


The 
The 


Some Lessons from Cofferdam. 


Cost Concre 


and Hints Estimating Costs. (86) 
Progress the Walnut Lane Bridge, 


Feb. 15. 


Cap Rouge Viaduct.* (14) Feb. 


Bascule Bridge Between Portsmouth and Tiverton, (14) 29. 
Boughton. (Paper read before the Ohio 


The New Stone Bridge over the Connecticut River Hartford.* Winans. 


Eng. Soc.) (14) Feb. 29. 
(10) Mar 
Mar. 


Highway Bridges and Culverts Greene County, Iowa. (86) 


Standard Overhead Bridge Floors, Philadelphia.* (14) Mar. 

Beziehung zwischen Moment und Schubspannungen bei einem 
Loser. (78) Jan. 

Oesterreichische Regierungsvorschriften, betreffend die Herstellung von Tragwerken 
aus Stampfbeton oder Betoneisen. (78) Jan. 

Zur Frage der Berechnung von Vergitterungen Gedriickten Zusammengesetzten 
Wodzinski. (52) Jan. 15. 

Der Zusammenbruch der Quebec-Briicke.* (82) Feb. 


The Application Hydro-Electric Power Slate-Mining.* Moses Kellow. (63) 
Vol. 170. 

Inductance Measurements.* Albert Campbell. (73) 

the Use Variable Mutual Inductances.* Albert Campbell. (Abstract paper 
read before the Physical Soc.) (73) Feb. 
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(79) 
(81) 
(83) 
(86) 
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Electrical Driving Rolling Mills. Gerald Hooghwinkel. (Abstract paper 


the Sheffield Soc. Engrs. and Metallurgists.) (22) Feb. 14; (73) 
eb. 


High-Frequency Alternator.* Louis Cohen. (27) 15. 

Central-Station Practice New Orleans, La.* (27) Feb. 15. 

Igniting Apparatus.* Springer. (27) Serial beginning 

eb. 15. 

Electric-Furnace Reactions under High Gaseous Pressures.* Hutton and 
Petaval. (Abstract paper read before the Royal Soc.) (11) Serial 
beginning Feb. 21. 

Generating Station, Garage and Equipment the Auto Transit Company Phila- 
delphia, Pa.* (27) Feb. 22. 

Combined Central-Station and Water-Pumping Plant.* (27) Feb. 29. 

Line Considered Mechanical Structure. Ryan. (27) 


eb. 29. 
United States Reclamation Service General Specifications for Telephone Systems. 
(86) Mar. 


Tests Different Types Electric Fans.* Arthur Scott. (27) 

Data Service from Dayton, Ohio. (27) Mar. 

the Fitchburg Gas Electric Company.* William Stuart. 

Electric Power, its Progress and Possibilities. Kimball. (27) Mar. 

Téléphotographie.* Cerbelaud. (33) Feb. 

Couplage d’un Groupe Moteur Gaz avec des Groupes Moteurs Vapeur 
Station Centrale d’Electricité Biarritz.* Roche. (33) Feb. 

Usine Hydro-Electrique Tusciano.* (33) 


Marine. 
Problems the Design and Propulsion Ships. Francis Elgar. (63) 
ol. 170 


Paraffin Engine for Submarines.* (12) 

Torsion-Meters Applied the Measurement the Horse-Power Marine Steam- 
Turbines.* Hamilton Gibson. (Paper read before the North-East Coast 
Inst. Engrs. and Shipbuilders.) (11) Feb. (47) Serial beginning Feb. 

Italy’s Progress Submarine Navigation.* (12) Feb. 14. 

American Docking Facilities the Pacific Coast.* Crafts. (10) Mar. 


Mechanical. 


Gear Arrangements and Ratios Motor-Cars.* (11) Jan. 31. 

The Tar Gas-Producers.* Bell. (11) Serial beginning 
Jan. 

The New Gas-Works the Trekvliet Canal The Hague.* Bakhuis. 
(Tr. abstract paper read before the Dutch Royal Inst. Engrs.) 


Feb. 

Limits Piston Speed. Frederick Strickland. (11) Feb. 

Some Interesting Features Steam Turbine and Steam Engineering Construction.* 
(47) Serial beginning Feb. 

The Curtis Steam Turbine Practice.* Fred Johnson. (64) Serial beginning 
Feb. 11. 

Causes Knocks Steam Engines.* Larson. (64) Serial beginning 
Feb. 11. 

The Balancing Rotors for High Speed.* Hans Holzwarth. (64) Feb. 11. 

The Working Carburetted Water-Gas Plant.* Temple. (Abstract 
paper read before the Midland Jun. Gas Eng. Assoc.) (66) 11. 

Design and Construction Automatic Car Systems.* Chas. Steffens, Am. 
Inst. (13) 13. 

The Transportation Problem the Portland Cement Plant. Tomlinson. (13) 
Feb. 13. 

The Brush-Parsons Turbine Machinery.* (11) Feb. 14. 

The Appplication Science Foundry Work. Robert Buchanan. (29) Feb. 14. 

Setting the Valve-Gear Air Compressors.* Claude Aikens. (64) Feb. 18. 

The Specific Heat Superheated Steam. Sydney Reeve. (64) Serial 
ning Feb. 18. 

and Power Required for the Production Pulp, Mechanical and 
Chemical and Finished Paper. John Thurso. (13) Feb. 20. 

The Bracing Motor-Car Frames.* (11) Feb. 21. 

Inverted Gas-Lighting.* Whitaker. (Paper read before the Illuminating 
Eng. Soc.) (66) Feb. 25. 

The Krupp Works Rheinhausen.* (20) Feb. 27. 

The Von Bauer Coke Oven System.* 27. 

The Cost Laying and 8-in. Wrought-Iron Screw-Joint Pipe.* (Pipe for com- 
pressed air.) Harper. (13) Feb. 27. 

Air Pumps and Condensers.* Ferguson. (Paper read before the Manchester 
Assoc. Engrs.) (22) Feb. 28. 
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Mechanical—( Continued). 


New Rotary Kiln Cement Plant.* (12) Feb. 28. 

Ring Spinning-Frames and Their Safety Appliances.* (11) Feb. 28. 

The Schmatolla System Gas-Fired Lime-Kilns.* (11) Feb. 28. 

Transporters the New Admiralty Coaling Pier Portland.* (26) 


Some German Overhead Tramways.* Alfred Gradenwitz. (16) Feb. 29. 
Turbine Economics.* Bibbins. (27) Feb. 29; (17) Feb. 29. 
The Bituminous Washery Tyler, Penn.* Edward Judd. (16) Feb. 29. 


Power Equipment for the Small Factory.* Percival Robert Moses. (9) Mar. 

The Phillips Plant the Frick Coke Company.* Allard. (45) Mar. 

Furnace-Gas Diagrams.* (10) Mar. 

Equipment for Industrial Plants.* Werner Boecklin. 

ar. 

Feed-Water Heating for the Power Plant.* Sydney Reeve. (9) Mar. 

Flue-Gas Analysis and Boiler Efficiency. William Ennis. (64) Mar. 

Gas- and Steam-Engine Proportions. Booth. (64) Mar. 

Notes Canadian Retort Coke and its Manufacture.* Randolph Bolling, Am. 
Chem. Soc. (13) Mar. 

The New Mill the California Portland Cement Company.* (14) Mar. 

Blow-Off Valves for Steam Boilers.* Strohm. (27) Mar. 

Improved Under-Feed Stoker.* (17) Mar. 

Etude sur Mouvement Chaleur dans les Parois des Cylindres des Machines 
Vapeur.* Ferdinand Thonet. (31) Vol. Pt. 

Moteur Extra-Léger Explosion.* Esnault-Pelterie. (32) Dec. 

Etude sur les Conveyeurs.* Fischer. (37) Jan. 31. 

Note sur Systéme d’Instrument Pesage Automatique dit Courbe Tray- 
Roiron. (37) Jan. 

Théorie Elémentaire Lenix Leneveu.* Ch. 
Dantin. (33) Feb. 

Les Fours Coke Modernes.* Fieschi. (33) Feb. 22. 

Zur bei Buzek. (50) Serial begin- 
ning Jan. 

Versuche Raschlaufenden Dieselmotor.* Chr. Eberle. (48) 

Die Elektro-Dampfturbine und der Rotationskondensator von Kolb.* Meuth. 
(48) Serial begining Feb. 

Schwimmkran von 140t (200t Probelast).* Kaemmerer. (48) 
Feb. 22. 


Metallurgical. 


The Compression Semi-Liquid Steel Ingots.* Lilienberg. Feb. 


Metallurgy the Kalgoorlie Goldfield.* Gerard Williams. 16) Feb. 15. 


Steel Making Electricity.* (19) Feb. 22. 

The Wilfley Furnace.* McClave. (16) 29. 

Copper Smelting Mammoth Plant.* Haskell. (45) Mar. 

The Montgomery-Shoshone Mill.* Van Saun. (45) Mar. 

Zur Kenntnis der Graphitausscheidung Hohen Kohlen- 
stoffgehalts.* Gahl. (50) 12. 

Schwefelbestimmung Eisen und Stahl. Kinder. (Report the Chemical 
Commission the Verein deutscher Eisenhiittenleute.) (50) 19. 


Mining. 


The Application Hydro-Electric Power Slate-Mining.* Moses Kellow. (63) 
Vol. 170. 

the Cost Power Mines the Witwatersrand with Reference Proposed 
Supply from Central Source.* Henry James Shedlock Heather and Anthony 
Maurice Robeson. (63) Vol. 170. 

Electrically-Driven Winding-Gear and the Supply Power Mines.* Arthur 
Henry Preece. (63) Vol. 170. 

Wagon-Lowering Device for Use Colliery Screens.* Thomas Train Christie. 
(59) Vol. 30, Pt. 

Notes Some Tests and Results with Oddie-Barclay High Speed Mine Pump.* 

Trial Stoping Drills. eb. 

Winding Plant the Axwell Park Colliery.* (57) Feb. (22) Feb. 

Winding-Ropes, Safety-Catches, and Appliances Mine-Shafts.* (11) Serial 
beginning Feb. 14. 

The Merits and Demerits Air-Hammer Drills.* Wolcott. (16) Feb. 15. 

Sinking Five-Compartment Shaft the Rand.* Weston. (16) 


for the Prevention Mine Explosions. Wilbur Mayers. (16) 
Feb. 


Coal the Bord-and-Pillar System.* George Raylton Dixon. (16) 
22. 

Machine vs. Hand Drilling Sinking the Rand.* Eustace Weston. (16) 
Feb. 29. 
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Mining—(Continued). 


Daly-West Mine and Mill.* Robert Brinsmade. (45) Mar. 

Darr Mine Disaster.* 45) Mar. 

The South African Stope-Drill Competition.* Eustace Weston. (16) Mar. 
Improvements Crossheads for Shaft Sinking.* Eustace Weston. (16) Mar. 
Plans for Mining Flat Coal Seam.* Audley Stow. (16) Mar. 


Miscellaneous. 


The Weg Breathing Apparatus.* (16) 15. 
Approximate Estimates. Alexander Potter. (Paper read before the Ohio Eng. 
Soc.) (14) Feb. 22; (60) Mar. 


Cost Data Earth Excavation and Rubble Masonry and Methods Recording 
the Same. Sawyer, Jr. (86) Feb. 26. 


The Electrical Plant against Breakdown. William Bowker. (10) 
ar. 


Comparison the Cost Wheel and Drag Scraper Excavation Job Missis- 
sippi. (86) Mar. 


Les Métillures Alliages Résistant aux Acides Etendus Concentrés, Froids, Chauds 
Vapeurs. Ad. Jouve. (32) Dec. 


Municipal. 


Civic Centers and the Grouping Public Buildings, with Suggestion for Boston.* 
Stephen Child. (Paper read before the Boston Soc. Civ. Engrs.) (1) Jan. 

American View Municipal Trading. (11) Serial beginning Feb. 

Hysteria Regard Pavements. Clifford Richardson. (14) Feb. 15. 

Cost Grading Wagon Road Winter.* (86) 26. 

Tables for Estimating the Quantity Materials and Cost Gravel, Sand and Oil 
Roads and Streets Different Widths. (86) Mar. 

The Economics Snow Removal and Suggested Improvement over the Present 
Methods used New York. Richard Dana. (86) Mar. 


L’Emploi Goudron sur les Chaussées Empierrées; son Influence sur les Frais 
Gros Entretien. Caufourier. (33) Feb. 


Railroad. 


Rail-Section Tracing-Machine.* Edgar Dawson Walker. (63) Vol. 170. 


Notes the Natal-Cape Railway, particularly with Regard the Location and 
Setting Out.* David Wilson. (63) Vol. 170. 


The Car Wheel and its Relation the Rail and Car.* Bush. (61) Jan. 
Brake Van with Ballast Spreading Plough; Caledonian (21) Feb. 
Locomotive Journals and Bearings.* (21) Serial beginning Feb. 


The and the Passing Wood Car Construction.* Arthur Waitt. 
eb. 
The Seasoning and Preservative Treatment Hemlock and Tamarack Cross-Ties.* 
(Abstract Circular 132, Dept. Agri.) (87) Feb. 
Maintenance Tracks Curves. Saller. (From Zeitung des Vereins deutscher 
Eisenbahnverwaltungen.) (88) Feb. 

The Alternating Current Railway Motor.* Kintner. (58) Feb. 

Wath Concentration Yard, Great Central Railway.* (12) Feb. 

The New Roof Charing Cross Station.* (11) Serial beginning Feb. 

Locomotive, No. 335.* (12) Feb. 

The Cost Doing Scraper Work Freezing Weather. (86) Feb. 12. 

The Construction the Portland Seattle Railway.* Hardesty. (13) 
Feb. 13. 

Large Railway Stations. (12) Feb. 14. 

The Brotan Locomotive.*. William Dreher. (15) Feb. 14. 

Solving the Terminal Problem St. Louis.* (40) Serial beginning Feb. 14. 

Rack Locomotive for the Villa Nova Gaya Railway, Portugal.* (11) Feb. 14. 

The Syracuse, Lake Shore Northern Railroad.* Wharff. (17) Feb. 15. 

Electric Car-Testing Plant Worcester Polytechnic Institute.* (17) Feb. 15. 

The Washington, Baltimore Annapolis Single-Phase Railway.* (17) Feb. 15; 
(27) Feb. 15; (14) Feb. 15; (72) Feb. 15; (14) Feb. 20. 

Allowable Length Flat Spots Car and Locomotive Wheels.* Hancock. 
(Abstract paper read before the Ind. Eng. Soc.) (40) Feb. 21. 

“The Great Bear.” (12) Feb. 21. 

The Iron Sleeper.* Haarmann. (Paper read before the Ver. deutsch. 
hiittenleute.) (12) 21. 

Special Tank Locomotives for Wath Shunting (Gravity) Yard; Great Central Rail- 
way.* (47) 21. 

Opening the Hudson River Tunnel System.* (15) Feb. 21; (46) Feb. 22; (72) 
Feb. 22; (27) Feb. 29; (17) Feb. 29; (19) Feb. 29; (13) Feb. 27; (14) 
Feb. 29. 

The Problem Track Support.* Samuel Duff. (18) Feb. 22. 

Memphis State Line Railroad.* (40) Feb. 28. 

Balanced Compound Locomotive with Superheater for the Pfaelz Railways.* 
Feb. 28. 

Express Locomotives, State Railroads Sweden.* (15) Feb. 28. 
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Railroad—(Continued). 
Repairing Cracked Piston Valve Cylinders.* Flory. (15) 


Signaling the River Tunnels, New York.* (15) Feb. 28. 

Ten-Wheel Side-Tank Locomotive; B., and Railway.* (11) 

Track and Ballast. Rettinghouse. Abstract paper read before the Iowa Ry. 
Club.) (18) Feb. 29. 


Modern Ten-Wheel Locomotives, Boston Albany R.* (18) Feb. 29. 
The Oregon Electric Railway.* (72) Feb. 29. 


Four Cylinder Simple Locomotive; Great Northern Railway (England). Chas. 
Lake, Mech. (25) Mar. 


Locomotives with Low Boiler Pressure and Smokebox Superheaters.* (25) Mar. 
Locomotive Smoke Stacks.* Johnston. (25) Mar. 

Walschaert Valve Gear for Pacific Type Locomotive.* (25) Mar. 

Passenger Locomotives for the St. Louis San Francisco.* (40) 
The Hanover York Single-Phase Railway.* (72) Mar. 

Richmond Chesapeake Bay Single-Phase Railway.* 


John Hewett. (17) Mar. 
(27) Mar. 
The Kenwood and Stcck Yards Extension the Chicago South Side Elevated Rail- 
road.* (17) Mar. 


Note sur Dispositif d’Allumage Instantané des Lanternes Gaz Incandescence 
Experimenté Compagnie des Chemins Fer Biard and 
Mauclére. (38) Feb 

Résultats Obtenus Service par les Nouvelles Locomotives Compound Marchan- 
Nord.* Bousquet. (38) Feb. 

Note sur les Signaux, Enclenchements Appareils Sécurité des Chemins Fer 
des Etats-Unis.* Ch. Jullien. (38) Feb. 

Appareils d’Enclenchement Installés Gare Valenciennes (Nord).* Eugéne 
Hoffman. (33) Feb. 

Die Neueren Lokomotiven der North-Eastern-Eisenbahn England.* Charles 
Lake. (48) 

Die Haarmann. (Paper read before the Verein deutscher 
Eisenhiittenleute.) (50) Feb. 

Lokomotivstationen Nordamerikanischer Eisenbahnen.* 
(48) Serial beginning Feb. 


Railroad, Street. 


New Subway Paris.* (19) Feb. 15. 
Tramway and Power Developments Porto Rico.* (17) Feb. 22. 


The the Jackson Electric Railway, Light Power Company.* (17) 


Report Subway Car Design New York.* Bion Arnold. (Abstract report 
the Public Service Comm.) (17).Feb. 29; (72) Feb. 29; (15) Feb. 29, 
Mar. (18) Feb. 29; (13) Mar. (40) Mar. 


Proposed Frack Changes Ninety-sixth Street, New York Subway.* (17) Feb. 
29; (14) Feb. 29. 


The Cost Digging Some 600 Trolley Pole Holes.* (86) Mar. 


Automotrices Electriaues sans Impériale Compagnie Générale Parisienne 
Tramways.* (33) Feb. 


Dr. Blum and Giese. 


Sanitary. 


Investigations the Purification Boston Sewage Septic Tanks and Trickling 
Filters (1905-1907).* Winslow and Earle Phelps. (7) Dec. 
Purification Boston Sewage: Experimental Results and Practical Possibilities. 
C.-E. Winslow and Earle Phelps. (Paper read before the Boston Soc. 
Civ. Engrs.) (1) Jan. 

Swamp and Overflowed Land Drainage the Mississippi Basin. Hanna. 
(13) Feb. 13. 

Caisson Disease. Oswald Rees. (Abstract from Report the Health the Navy.) 
Feb. 14. 

Street Cleaning and Waste Disposal New York. (14) Feb. 22. 

The Enclosure the Zuyder Zee.* (12) Feb. 28. 

Sewage Purification Ohio. (Based Report Winthrop Pratt.) (14) 
Feb. 29. 

Uber die Zeichnerische Bestimmung der Kanal- 
netzen.* Range. (53) Serial beginning Feb. 


Structural. 


The Corrosion Steel.* Allerton Cushman. 

The Life Portland Cement.* and Wheat. 
Iowa Brick and Tile Assoc.) 

New Forms Steel for New Uses.* Woodworth. (58) Feb. 

The New Roof Charing Cross Station.* (11) Serial beginning Feb. 


*Tllustrated. 


(Paper read before the 
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Structural—(Continued). 


Metal Lagging for Concrete Forms and Arch Centers.* (86) Feb. 12. 

Proportions Concrete and Methods Mixing. Wason. (Paper read before 
the National Assoc. Cement Users.) (14) Feb. 15; (86) Feb. 19. 

Structural Steel Details the Brooklyn Academy Music.* (14) Feb. 22. 


Simple Statement the Behavior Concrete Compression and Discussion 

Design. (From Journal, Worcester Polytechnic Institute.) 
eb. 

The New Open-Hearth Furnace Building, Pennsylvania Steel Works.* (14) Feb. 29. 

Standard Rules and Regulations Governing Concrete Hollow Block. (Adopted 
the National Assoc. Cement Users.) (14) Mar. 

Caisson Foundations Skyscrapers; Sand Hogs and the Work They Do.* Ken- 
nard Thomson, Am. Soc. (From the New York Herald.) (19) 


Mar. 
Calcul des Silos. (84) Serial beginning Jan. 
L’Industrie des Ciments des Chaux Hydrauliques devant les Consommateurs. 
(From Revue Métallurgie.) (84) Serial beginning 


an. 
avec Barres Américaines.* Aragon. (33) Serial beginning 
eb. 


L’Acier Manganése.* (33) Feb. 22. 

Markthallenbau Breslau zwischen Garten- und Friedrichstrasse.* Rudolf Heim. 
(78) Serial beginning Jan. 

Fabrikneubau Benecke-Vinnhorst.* Kupfer. (78) Jan. 

Konstruktionen aus Umschniirtem Beton. Sor. (78) Jan. 

Der Neubau der Anatomie Miinchen.* (51) Serial beginning Jan. 15. 

Ueber die Vorschriften fiir Emil (51) Serial begin- 
ning Jan. 29. 

Die Berechnung der Durchbiegung von deren Material dem 
Gesetze nicht Folgt.* Eugen Meyer. (48) Feb. 

Versuche mit Eisenbetonbalken von Bach.* Bernhard. (48) Feb. 

Portlandzement und Wedding. (50) Feb. 12. 

Haft- und Eisenbeton-Konstruktionen und die Preussischen 
Bestimmungen fiir die Ausfiihrung von bei Hoch- 
bauten.* Heintel. (51) Serial beginning Feb. 22. 

Ueber die Wirkung der Magnesia Gebrannten Zement. (80) Feb. 22. 


Topographical. 
Survey Inaccessible Places Tacheometry.* Otway Fortescue Luke Wheeler 
Cuffe. (63) Vol. 170. 


Water Supply. 
The Application Hydro-Electric Power Slate-Mining.* 


Moses Kellow. (63) 
Vol. 170. 
The Use Steel the Construction Large Water Service-Tanks.* Charles 
Walter Smith. (63) Vol. 170. 


The Construction Small Water Works.* (11) Jan. 31. 

The Estimated Cost the Ashokan Reservoir and Data Actual Cost Similar 
Earth Embankments, together with Discussion the Testimony Submitted 
the Investigation the Ashokan Dam Award. (86) Serial beginning Feb. 12. 

The Cost Digging 36-Mile Trench with Buckeye Traction Ditcher.* 
Feb. 12. 

Speed Regulation High-Head Water Wheels. Knowlton. (16) Feb. 15. 

The Cost the Main Ashokan Dams; Statement the Methods fol- 
lowed the Engineers the Board Water Supply. (14) Feb. 15. 

Traveling Mold for Making Reinforced Concrete Pipe.* Teichman, Am. 
Soc. (13) Feb. 20. 

Bench Level Operations the Catskill Aqueduct Line.* Zipser. (13) 
Feb 


20. 

ising the Assuan Dam. (12) Feb. 21. 

Ohio. Winthrop Pratt. (Abstract Report Ohio State 
Board Health.) (14) Feb. 22. 

The Development the Mechanical Filter Plant. Phillip Burgess, Assoc. Am. 
Soc. (Paper read before the Ohio Eng. Soc.) (14) Feb. 22; (13) 

Unusual Water Supply for Purposes.* (14) Feb. 22. 

The Original Estimate the Reservoir made the Burr-Hering-Freeman 
Commission. (86) Feb. 26. 

Investigations Impermeable Concrete the Laboratory the Board Water 
Supply, New York City. James Davis. paper read before the National 
Assoc. Cement Users.) (86) Feb. 26. 

The Construction the Laguna Dam, Colorado River, Arizona.* Edwin Vin- 
cent. (13) 27. 

California Stove-Pipe Wells Long Island.* (14) 29. 

The Water Supply System Los Angeles, Cal.* (14) Feb. 29. 

The Fire Department and the High-Pressure System.* Peter McKeon. (10) 
Mar. 
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Water Supply.—(Continued). 


Water for Economical Steam Generation.* Wm. Greth. (9) 
The Colliersville Hydro-Electric Plant.* (14) ar. 
Very Large Water Tower.* (14) Mar. 


Usine Hydro-Electrique sur Durance (Basse-Alpes).* Bidault 
des Feb. 


Mar. 


Serial beginning 
Feb. 21. 
Waterways. 
Sinking Harry Ekermans Oakley. (63) 


Removal Subaqueous Rock Blyth.* George Duncan McGlashan. (63) Vol. 170. 
Reaction Breakwater Aransas Pass, Texas.* Lewis Haupt. 


Limnoria and other Pile Borers.* Stowell Smith. (Extract from 
Pamphlet issued the Forest Service.) (18) 15. 

Some Pile-Driving Experiments Connection with the Construction the Charles 
River Dam.* Albert Holmes. (86) Feb. 19. 

Subaqueous Rock Removal.* Cunningham. (10) Mar. 

The Suction Dredging.* John Reid, Inst. Naval Archts. 
(13) ar. 5. 


Digues Murs Quais Ciment Armé, Sanders.” (84) Jan. 
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AMERICAN SOCIETY CIVIL ENGINEERS 


INSTITUTED 1852 


PROCEEDINGS 


This Society not responsible, body, for the facts and opinions advanced 
any its publications. 


SOCIETY 


Minutes Meetings: PAGE 
the Society, March 18th, and April 1st, 165 
the Board Direction, March Sist, 169 
Announcements: 
Hours during which the Society House open 170 
Privileges Engineering Societies Extended 171 
Accessions the Library: 
Membership (Additions, Change Address, Deaths)........... 179 


MINUTES MEETINGS 


THE SOCIETY 


March 18th, 1908.—The meeting was called order 8.30 M.; 
President Charles Macdonald the chair; Chas. Warren Hunt, 
and present, also, about 500 members and guests. 

paper Wilgus, Am. E., entitled “The Elec- 
trification the Suburban Zone the New York Central and Hud- 
son River Railroad the Vicinity New York City,” was pre- 
sented the author, and illustrated with lantern slides. 

The paper was discussed Messrs. Katte, Henderson, 
Brinckerhoff, Stott, Nelson Lewis, Francis, and the 
author, some the discussions illustrated with lantern slides. 
The Secretary presented communication from Mr. 
Harwood. 

elected Member, October 5th, 1895; died March 6th, 1908. 


Adjourned. 
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April ist, meeting was called order 8.30 M.; 
President Charles Macdonald the chair; Chas. Warren Hunt, 
Secretary; and present, also, members, and guests. 

“Erection the Bellows Falls Arch Bridge,” was presented the 
author, and illustrated with lantern slides. 

written discussion the subject Worcester, Am. 
E., was read the Secretary. The paper was discussed 
Messrs. Skinner, Quimby, Charles Macdonald, and the 
author, Mr. Skinner’s discussion being illustrated with lantern slides. 

Ballots for membership were canvassed, and the following candi- 
dates elected: 


MEMBERS. 


Britt, Clarksburg, Va. 
Bowers New York City. 
ALBERTSEN New York City. 
Henry Francis Denver, Colo. 
Isaac Stern, Chicago, 

Kine Canton, China. 


Barratt, Santiago Cuba, Cuba. 

Lorenzo Seattle, Wash. 

Ernest JoHN Canton, Ohio. 

Hansen, Columbus, Ohio. 

LeRoy Havens, City Mexico, Mexico. 

JoHN Epwarp Kemp, Kewanee, 

Scorr New York City. 
Martin Grand Rapids, Mich. 


Se 
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GRANVILLE Welch, Va. 
JOHN New York City. 

New York City. 

Apam O’Connor, Albany, 

Harry Preston, Jordan, 

Lethbridge, Alberta, Canada. 
Ryan, New York City. 

Frep Gorgona, Canal Zone, Panama. 
JOHN STEVENS, Portland, Ore. 

DEL VALLE ZENO, Havana, Cuba. 

Roy Irvin State College, Pa. 


Sydney, New South Wales, Australia. 
Lewis Newtonville, Mass. 
Labuan, Straits Settlements. 


The Secretary announced: 


The transfer the following candidates the Board Direction 
March 1908: 


From MEMBER MEMBER. 


Barrows, Boston, Mass. 

JOHN New York City. 

Dimon, New York City. 

Curtis Seoul, Corea. 

Bas Obispo, Canal Zone, 
Panama. 

Epwarp Murpny, Berkeley, Cal. 

JAMES SMITH, Puerto Mexico, Mexico. 

Frank Stone New York City. 

Joun Philadelphia, Pa. 

WatsH, Buena Ventura, Colombia. 

Preston Dallas, Tex. 


168 MINUTES MEETINGS [Society 


The election the following candidates the Board Direction: 
January 7th, 1908: 
FERNANDO Lima, Peru. 


February 4th, 1908: 


CHARLES CHESTER, Morenci, Ariz. 


March 1908: 


Harry Hurp Ann Arbor, Mich. 
Harper, Grand Junction, Colo. 
Rowe, Milwaukee, Wis. 
JAMES Daiquiri, Cuba. 
STANLEY Hayward, Cal. 
SaMUEL Philadelphia, Pa. 
WEAVER, Quincy, Cal. 


elected Member, October ist, 1890; died March 28th, 1908. 


Adjourned. 
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(Abstract) 


March 31st, 1908.—President Macdonald the chair; Chas. 
Warren Hunt, Secretary; and present, also, Messrs. Andrews, Bensel, 
Brackett, Gibbs, Harrison, Kittredge, Schneider, Smith, Tillson, and 
Williams. 

Action was taken regard members arrears for dues. 

Applications were considered, and other routine business transacted. 

Twelve Associate Members were transferred the grade Mem- 
ber, one Associate was transferred the grade Associate Member, 
and eleven candidates for Junior were elected. 


Adjourned. 
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ANNOUNCEMENTS 


every day, except Sundays, Fourth July, Thanksgiving Day, and 
Christmas Day. 

MEETINGS 


Wednesday, May 6th, 1908.—8.30 M.—Ballots for membership 
will canvassed, and paper entitled “Substructure Piscataquis 
Bridge, and Analysis Concrete Work,” Hersey, Jun. Am. 
Soc. E., will presented for discussion. 

This paper was printed Proceedings for March, 1908. 


Wednesday, May 1908.—8.30 M.—At this meeting paper 


“The Effect Temperature Changes Masonry,” 


Charles Gowen, Am. E., will presented for discussion. 
This paper printed this number Proceedings. 


ANNUAL CONVENTION 


The Fortieth Annual Convention the Society will held 
Denver, Colo., June 23d 26th, 1908. 

The general arrangements for the Convention are the hands 
the following Committees: 


COMMITTEE THE BOARD DIRECTION 


TILLSON 


LOCAL COMMITTEE 


Jaycox 


preliminary circular has been sent all members, and, soon 
arrangements reference transportation have been completed, 
additional circular will issued. 


PAPERS AND DISCUSSIONS 


future, all papers accepted the Publication Committee will 
classified the Committee with respect their availability for 
discussion 

Papers which, from their general nature, appear charac- 
ter suitable for oral discussion will published heretofore 
Proceedings, and set down for presentation future meeting the 
Society, and, these, oral discussion well written communica- 
tions, will solicited. 
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All papers which not come under this heading, that say, 
those which, from their mathematical technical nature, the 
opinion the Committee, are not adapted oral discussion, will not 
scheduled for presentation any meeting. Such papers will 
published Proceedings the same manner those which are 
presented meetings, but written discussions, only, will re- 
quested for subsequent publication Proceedings and with the paper 
the volumes Transactions. 


PRIVILEGES ENGINEERING SOCIETIES 
EXTENDED MEMBERS THE 
AMERICAN SOCIETY CIVIL ENGINEERS 
Members the American Society Civil Engineers will wel- 
comed the following Engineering Societies, both the use their 
Reading Rooms and all Meetings: 
American Institute Mining Engineers, West Thirty-ninth 
Street, New York City. 
dos Engenheiros Civis Portuguezes, Lisbon, Portugal. 
Australasian Institute Mining Engineérs, Melbourne, Victoria, 
Australia. 
Boston Society Civil Engineers, 715 Tremont Temple, Boston, 
Mass. 
Brooklyn Engineers’ Club, 197 Montague Street, Brooklyn, 
Canadian Society Civil Engineers, 877 Dorchester Street, Mon- 
treal, Que., Canada. 
Civil Engineers’ Club Cleveland, 718 Caxton Building, Cleveland, 
Ohio. 
Civil Engineers’ Society St. Paul, St. Paul, Minn. 
Cleveland Institute Engineers, Middlesbrough, England. 
Engineers’ and Architects’ Club Louisville, Ky., 303 Norton 
Building, Fourth and Jefferson Streets, Louisville, Ky. 
Engineers’ Club Baltimore, Baltimore, Md. 
Engineers’ Club Central Pennsylvania, Corner Second and 
Walnut Streets, Harrisburg, Pa. 
Engineers’ Club Philadelphia, 1122 Girard Street, Philadelphia, Pa. 
Engineers’ Club St. Louis, 3817 Olive Street, St. Louis, Mo. 
Engineers’ Society Western Pennsylvania, 803 Fulton Building, 
Pittsburg, Pa. 
Institute Marine Engineers, Romford Road, Stratford, Lon- 
don, E., England. 
Institution Engineers the River Plate, Buenos Aires, Ar- 
gentine Republic. 
Institution Naval Architects, Adelphi Terrace, 
England. 
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Junior Institution Engineers, Victoria Street, Westminster, 
W., London, England. 
Koninklijk Instituut van Ingenieurs, The Hague, The Netherlands. 


Louisiana Engineering Society, 604 Tulane-Newcomb Building, 
New Orleans, La. 


Memphis Engineering Society, Memphis, Tenn. 


Midland Institute Mining, Civil and Mechanical Engineers, 
Sheffield, England. 


Montana Society Engineers, Butte, Montana. 

North England Institute Mining and Mechanical Engineers, 
England. 

Oesterreichischer Ingenieur- und Architekten-Verein, Eschen- 
bachgasse Vienna, Austria. 

Pacific Northwest Society Engineers, 617-618 Pioneer Build- 
ing, Seattle, Wash. 

Rochester Engineering Society, Rochester, 

Sachsischer Ingenieur- und Architekten-Verein, Dresden, Ger- 
many. 

Sociedad Colombiana Ingenieros, Bogota, Colombia. 

Societe des Ingenieurs Civils France, Rue Blanche, Paris, 


France. 

Society Engineers, Victoria Street, Westminster, W., 
England. 

Svenska Teknologforeningen, Brunkebergstorg 18, Stockholm, 
Sweden. 


Tekniske Forening, Vestre Boulevard 18-1, Copenhagen, Denmark. 
Western Society Engineers, 1737 Monadnock Block, Chicago, 


SEARCHES THE LIBRARY 


January, 1902, the Secretary was authorized make searches 
the Library, upon request, and charge therefor the actual cost 
the Society for the extra work required. Since that time many searches 
have been made, and bibliographies and other information special 
subjects furnished. 

The resulting satisfaction, the members who have made use 
the resources the Society this manner, has been expressed fre- 
quently, leaves little doubt that, were generally known the 
membership that such work would undertaken, many would avail 
themselves it. 

The cost trifling, compared with the value the time en- 
gineer who looks such matters himself, and the work can per- 


formed quite well, and much more quickly, persons familiar with 
the Library. 


q 
| 
| 
| 


Affairs] ANNOUNCEMENTS 173 


asking that such work undertaken, members should specify 
clearly the subject covered, and whether references general 
books only, are desired, whether complete bibliography, involving 
search through periodical literature, desired. 

reference this work, the Appendix* the Annual Report 
the Board Direction for the year ending December 31st, 1906, con- 
tains summary all searches made that date. 


*Proceedinys, Vol. (January, 1907). 
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ACCESSIONS THE LIBRARY 
(From March 10th April 6th, 1908) 


DONATIONS* 
THE ELEMENTS RAILROAD ENGINEERING. 


illus., 405 pp. New York, John Wiley Sons; London, Chap- 
man Hall, Limited, 1908. $3.50. 


The subject this book stated description the fixed portion 
railroad plant, and recital the underlying principles the design its layout. 
Railroad political economy presented briefly the Introduction. The book 
itself divided into three parts. Part Chapters inclusive, contains 
detailed description the permanent way, and the author calls attention the 
paragraph Comparisons Treated Ties, the chapter Cross-Ties, which 
thought will correct principles for economic investigations other direc- 
tions.” Part II, Chapters XVII, inclusive, the locomotive and its work 
are described, and the fundamental principles governing the design grade line are 
discussed. this portion, attention called the discussion the locomotive 
traction engine, and the articles curve resistance and the cost the 
worst class rise and fall. The methods applying these principles, given 
Parts and II, order secure the most economical location and construction are 
described Part III, Chapters XVIII XXII, inclusive. The Appendix contains 
paper, with discussion, Taylor, Am. Soc. E., entitled Loca- 
tion the Knoxville, Follette and Jellico Railroad, the Louisville and Nash- 
ville System,” which reprinted from the Transactions the American Society 
Civil Engineers. This paper reprinted the author with the hope that 
well-discussed example practice, together with the different viewpoints and sug- 
gestions contained the discussion, may value the student. The Contents 
are: Introduction; Part Permanent Way: Alignment; Rails; Rail Fastenings; 
Cross-Ties Ballast and Road-Bed; Culverts, Bridges, and Minor Structures; Turn- 
outs; Side Tracks and Yards; Elevation the Outer Rail; Signaling. II, 
The Locomotive and Its Work: The Locomotive; The Work the Locomotive; 
Locomotive and Grade Problems; Railroad Expenditures; Effect Operating Ex- 
pense Change the Number Trains, the Tonnage Remaining Constant; Dis- 
cussion the Effect Distance, Rise and Fall, and Curvature Train-Mile Cost; 
Problems Change Ruling Grade, Distance, Rise and Fall, and Curvature. 
Part III, Railroad Location, Construction, and Betterment: Reconnaissance; Pre- 


liminary The Location Construction Surveys; Betterment Surveys; 
Appendix. There index nine pages. 


STATIONARY STEAM ENGINES. 


with Numerous Examples from Actual Practice. Edited 
William Fowler. Cloth, in., illus., 299 pp. Man- 


chester, England, Scientific Publishing Company. shillings 
pence, net. 


This book reprint articles which have appeared from time time the 
Mechanical Engineer, and which have been revised and greatly enlarged. The first 
ten chapters are devoted the design and construction steam engines. These 
questions are treated practical way and are illustrated examples slow 
and high-speed engines Continental well British make. Chapters 
contain detailed descriptions various types governors, flywheels, valye gears, 
condensers, etc. The book well illustrated with numerous working drawings 
current practice. The Contents are: Introduction; Types Engines and Genera! 
Principles Design; Steam Consumption Engines; Cylinders and Valves; Pis- 
tons; Cylinders and Valves; Metallic Packing; Crossheads, Crank Pins, Connecting 
Rods, Eccentrics, Crank Shafts; Engine Frames and Bearings; Illustrative Types 
Slow-Speed Engines; High-Speed (Quick-Revolution) Engines; Steam Engine Gov- 
ernors and Safety Trip Gear Mechanisms; The Construction and Design Steam 
Engine Flywheels; Valve Gears and Operating Mechanisms; Lubricating Arrange- 
ments; Condensers and Condensing Plant. There index four pages. 


THE BLAST FURNACE AND THE MANUFACTURE PIG IRON. 

Elementary Treatise for the Use the Metallurgical Student 
and the Furnaceman. Robert Forsythe. Cloth, in., illus., 
368 pp. New York, David Williams Company, 1908. $3.00. 


has been the aim the author present, this book, simple and concise 
statement the general principles iron metallurgy lines essentially Ameri- 


Unless otherwise specified, books this list have been donated the publisher. 


publications, 
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can, the book being designed for the use the student, the teacher, and the work- 
man. After introductory chapter the Commercial Classification Iron, the 
Constitution Pig Iron, and the Physical Properties Cast Iron, the author 
discusses, the first chapter, the materials which make the charge 
blast furnace, namely, ores, fuels, and fluxes. Chapters VII, inclusive, are 
devoted descriptions the equipment and operation the blast furnace plant. 
stated that the chapter furnace design not complete discussion the 
subject, and intended only guide the untechnical furnaceman. The Sup- 
plement contains chapter the uses pig iron, and the various grades iron 
and their conversion. Appendix gives brief review the principles chemistry 
and physics. The Fahrenheit scale and the British Thermal Unit have been used 
the text, because their use English engineering literature and because data 
these units are more readily obtained the United States. Marginal references 
collateral reading are given throughout the book. The Contents are: Introduc- 
tory; Materials Manufacture; Description Plant; Operation the Furnace; 
Burdening the Furnace; Action Within the Furnace; Furnace Irregularities; Hints 
Design and Equipment; Supplement; Appendix Some Principles Chemistry 


and Physics; Appendix II: Cost Sheet Small Eastern Furnace During the Fuel 
Stringency 1902. There index three pages. 


THE ENGINEERING INDEX ANNUAL FOR 1907. 


Compiled from The Engineering Index Published Monthly The 
Engineering Magazine during 1907. Cloth, in., 485 pp. 
New York and London, The Engineering Magazine, 1908. $2.00. 


This work continuation that originally started the late Johnson, 
Am. Soc. E., 1884, the Journal the Association Engineering Socie- 
ties, and turned over that Association The Engineering Magazine 1895. 
Together with the five previous issues, this volume forms continuous index the 
engineering and technical literature the last twenty-four years. Like the 1906 
Annual, the arrangement the index the same that published monthly 
The Engineering Magazine. The articles are classified under the several subdivisions 
engineering practice—Civil, Mechanical, Electrical, Mining, and Railway Engi- 
neering—and then grouped special classes under these headings, the final 
arrangement being alphabetical. The 1907 Annual includes two hundred and fifty 

representing periodicals the English, German, French, Spanish, 
Italian and Dutch languages. Each entry followed brief description defining 
the scope and purport the article. Serials are indexed under the first instalment 
only except the case short articles. This index brought down the close 


1907, but monthly continuation may found the current issues 
The Engineering Magazine. 


METHODS AND DEVICES FOR BACTERIAL TREATMENT SEWAGE. 


236 pp. New York, John Wiley Sons; London, Chap- 
man Hall, Limited, 1908. $3.00. 


Bacterial sewage purification from the viewpoint the Civil Engineer the 
theme this book. Chapter II, the author gives list references articles 
sewage purification and allied subjects, including bacterial and chemical analyses 
polluted waters. Sewage purification its various aspects discussed Chap- 
ters III VIII, inclusive, the several methods treatment being considered 
their historical order. Extensive use has been made drawings United States 
patents, which the author hopes may useful the engineer and the student. 
summary known engineering principles involved sewage purification and 
statement unsolved problems are given Chapter IX. The author states, that, 
considering the effect capillary attraction filter beds, has introduced 
certain laws which have not before been sufficiently appreciated. has used the 
last two chapters illustrate these principles, namely, Chapter which contains 
references experienced .in actual works, and Chapter XI, which contains 
suggestive designs for small installations. The Contents are: Introduction; Sources 
Information about Sewage Purification; Aérobic Treatment Crude Sewage; 
Mechanical Removal Sludge; Anaérobic Treatment Sewage; Intermittent Con- 
tact Systems; Automatic Discharging Devices; Percolating Summary 
Engineering Principles Regarding the Design Sewage Purification Works; Diffi- 
culties Experienced Some Actual Installations; Suggested Designs Meet Typi- 
cal Conditions. There index three pages. 


FOWLER’S ELECTRICAL ENGINEER’S POCKET BOOK, 1908. 


Edited William Fowler. Leather, in., illus., 679 
pp. Manchester, England, Publishing Company. shillings 
pence. 


order make this edition the Pocket Book more convenient for reference, 
the contents have been rearranged sections, under distinctive heads. allow 
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for the additions necessary, owing the growth Electrical Engineering, many 
the more strictly mechanical aspects the subject have been omitted; much 
that new has been added, however, special attention being called the sections 
dealing with polyphase motors, electric power transmission, traction, and dynamos 
and motors. The Contents are: Miscellaneous Tables, etc.; Wire Tables; Magnet- 
ism and Magnetic Data; Conductors and Insulating Materials; Electric Lighting 
and Conduit Wiring; Comparison and Measurement Resistances; Electrical Meas- 
uring Instruments; Electricity Meters; Primary and Secondary Batteries; Dynamos 
and Motors; Alternate Electric Currents; Alternators; Transformers; Alternate 
Current Motors; Switchboards, Circuit Breakers, and Lightning Arresters; Elec- 
trical Power Transmission and Distribution; Rotary Converters; Electric 
Rules and Regulations. There index twenty pages. 


SAFE BUILDING CONSTRUCTION. 


Treatise Giving Simplest Forms Possible Practical and 
Theoretical Rules and Formule Used Construction Buildings 
and General Instruction. Louis Coppet Bergh. New Edition, 
Revised. Cloth, in., 436 pp. New York, The 
Company, 1908. $5.00 net. 


former editions this book, the aim the author has been furnish the 
knowledge necessary erect safely any building. While the work based the 
science mechanics, all useless theory has been omitted, the articles being made 
practical possible. The mathematical demonstrations given are simple, arith- 
metic and rudimentary knowledge algebra and plane geometry being all that 
necessary order follow them. Chapter the “Strength Materials,” 
the author gives the values of, and brief explanations regarding the different terms 
used, such strain, stress, factor safety, etc. The formulas used follow 
with methods application, manner obtaining loads, and the necessary tables for 
calculation. Each the following chapters deals with some part building, 
such foundations, walls, piers, etc., and numerous examples calculations 
strength are included. the present edition, general survey concrete con- 
struction including concrete foundation, piles, piers, etc., well con- 
floors, columns, girders, and walls. The Contents are: Strength 
Foundations; Cellar and Retaining Walls; Walls and Piers; Arches; Floor-Beams 
and Girders; Graphical Analysis Transverse Strains; Reinforced Concrete Con- 
struction; Rivets, Riveting and Pins; Plate and Box Girders; Graphical Analysis 
Strains Trusses; Wooden and Iron Trusses; Columns; Tables. 


Gifts have also been received from the following: 


Ala. Vicksburg Ry. Co. pam. Central Co. New Jersey. pam. 
Ala. Great Southern Co. pam. Charleston Western Carolina Ry. Co. 
Allentown, Pa.-Water Dept. pam. pam. 

Chesapeake Ohio Ry. Co. 


Am. Ceramic Soc. vol. 
Chicago Eastern Illinois Co. 


Am. Gas Inst. bound vol. 
Am. Inst. Archts. vol. pam. 
Am. Soc. Heating and Ventilating Chicago Great Western Ry. Co. pam. 


Engrs. bound vol. Chicago, Indianapolis Louisville Ry. 
Am. Soc. Municipal Impvts. bound Co. pam. 

vol. Chicago Junction Rys. Union Stock 
Atlanta, Ga.-Board Water Commrs. Yards Co. pam. 

pam. Chicago, Milwaukee St. Paul Ry. Co. 
Atlanta West Point pam. pam. 
Atlantic Coast Line Co. pam. Cincinnati, Ohio-Board Trustees 
Attleborough, Mass.-Water Dept. pam. “Commrs. Water Works.” 
Baltimore Ohio Co. pam. bound vol. 


Baltimore Ohio Co.-Relief Dept. Cincinnati Muskingum Valley 
pam. Co. pam. 
Baltimore, Chesapeake Atlantic Ry. Co. Cincinnati, Hamilton Dayton Ry. Co. 


pam. pam. 
Belzner, Theodore. pam. Cincinnati, New Orleans Texas Pacific 
Binghamton, Y.-Water Commrs. Co. pam. 

pam. Cleveland, Akron Columbus Ry. Co. 
Brockton, Mass.-Board Water Commrs. pam. 

pam. Cleveland, Lorain Wheeling Co. 
Brooklyn Engrs.’ Club. bound vol. 


pam. 
Brooklyn Public Library. pam. Cleveland Terminal Valley Co. 


Camden, J.-Water Dept. pam., pam. 

diagram. Colo.-State Agri. Exper. Station. pam. 
Canadian Northern Ry. Co. pam. Copper Range Consolidated Co. pam. 


Canadian Pacific Ry. Co. pam. 
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Cripple Creek Central Ry. Co. pam. 

Cumberland Valley Co. pam. 

Dayton, Ohio-Dept. Water. bound 
vol. 

Delaware, Lackawanna Western 
Co. 


pam. 

Detroit Mackinac Ry. Co. pam. 

Detroit, Toledo Ironton Ry. Co.-Ann 
Arbor System. pam. 

Engrs.’ St. Louis. pam. 

Evansville Terre Haute Co. 


am. 
Commrs. pam 


Fort Worth Denver City Ry. Co. 


pam 


Southern Florida Ry. Co. 


pam 

Glasgow South-Western Ry. Co. 
am. 

Mass.-Water Dept. 


pam. 
Grand Trunk Ry. 


Co. Canada. 


Harrisburg, Pa.-Board Commrs. the 
Water Dept. pam. 

Hartford, Conn.-Board Water Commrs. 
pam. 

Hartford Steam Boiler Inspection In- 
surance Co. bound vol. 

Holyoke, Mass.-Water- pam. 

Huntingdon Broad Top Mountain 
Coal Co. pam. 

Illinois-State Geol. Survey. bound vol. 

Illinois Central Co. pam. 

India-Ry. Board. pam. 

Indianapolis Water Co. pam. 

Institution Civ. Engrs. bound vol., 
pam. 

Ry. 

Jackson, 

Jersey City, Street and 
Water Commrs. pam. 

Johnstown, Y.-Board Water Commrs. 


pam. 


pam. 
Kansas City Southern Ry. Co. pam. 
Koninklijk Instituut van Ingenieurs. 


am. 

Lake Erie Western Co. pam. 
Lawrence, Mass.-Water Board. pam. 
Lehigh Hudson River Ry. Co. pam. 
Leominster, Mass.-Water Board. pam. 
London, Ont.-Board Water Commrs. 


pam. 
Louisville, Henderson St. Louis Ry. Co. 


pam 

Madras, India-Public Works Dept. 
bound vol., pam. 


Maryland-State Geologist. bound vol. 


Mass.-Board Harbor and 
Commrs. bound vol. 


vol. 
Minneapolis St. Louis Co. pam. 
Missouri, Kansas Texas Ry. Co. 


pam 
Missouri Pacific Ry. Co. 
Mobile Ohio Co. 
Montclair, 


pam. 
pam. 


pam. 
National Assoc. Cotton Mfrs. vol. 
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New Jersey-State Sewerage Commission. 
bound vol. 


New Jersey-State Water Supply Comm. 
pam., maps. 

New Orleans North Eastern Co. 
pam. 

New South Wales-Bureau Statistics. 


pam 
New York- State Engr. 
bound vol. 
New York City Record. bound vol. 
New York, New Haven Hartford 
Co. pam. 
Norfolk Western Ry. Co. pam. 
Northwestern Pacific Co. pam. 
Oberlin Coll. Library. pam. 
Pacific Coast Co. pam. 
Panama Co. pam. 
Pere Marquette Co. pam 
Lake St. John Ry. Co. 
Richardson, Clifford. pam. 
Rio Grande Southern Co. pam. 
St. Grand Island Ry. Co. 


and Surv. 


pam. 


pam 
St. Louis, Mo., Merchants’ Exchange. 
vol. 
St. Paul, Minn. -Board Water Commrs. 


pam 
Schiffbautechnische Gesellschaft. 
bound vol. 


Seaboard Air Line Ry. 

Soc. for the Promotion Eng. Education. 
bound vol. 


Soc. Naval and Marine Engrs. 
bound vol. 

Southern Indiana Ry. Co. 

Southern Ry. Co. pam. 


Taunton, Mass.-Board Water Commrs. 


pam. 


pam. 

Texas Central Co. pam. 

Texas Pacific Ry. Co. pam. 

St. Louis Western Co. 

am. 

Bureau the Census. bound vol. 

Coast and Survey. bound 
vol., pam. 

Forest Service. pam. 

Interstate Commerce Comm. 
bound vol., pam. 

Office and Naval War 

Records. vol. 

Reclamation Service. pam. 

Univ. Illinois-Agri. Sta- 
tion. pam. 

Univ. Pennsylvania. pam. 

Shreveport Pacific Ry. Co. 


State Rivers and Water Supply 
Comm. pam. 


Waltham, Mass.-Water Dept. pam. 

New Zealand- Board. 
am. 

Wheeling Lake Erie Co. pam. 

Wisconsin Central Ry. Co. pam. 


pam. 
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PURCHASE 


Denatured Industrial Alcohol; Treatise the History, Manu- 
facture, Composition, Uses, and Possibilities Industrial Alcohol 
the Various Countries Permitting its the Laws and Regula- 
tions Governing the Same, Including the United States, with Concise 
Tables, Methods, and Notes for the Use the Engineer, Chemist, 
Manufacturers Alcohol and Alcohol Making and Using Apparatus, 
Including Alcohol Motors, Engines, Lamps, and Heating 
and Cooking Stoves. Rufus Frost New York, John 
Wiley Sons; London, Chapman Hall, Limited, 1907. 


The Panama Canal and the Daughters Danaus. John Bigelow. 
Second Edition, Revised and Corrected. New York, Baker Taylor 
Co., 1908. 


Lead Refining Electrolysis. Anson Gardner Betts. New 
York, John Wiley Sons; London, Chapman Hall, Limited, 1908. 


Die Entwicklung der Dampfmaschine. Eine Geschichte der orts- 
festen Dampfmaschinen und der Lokomobile, der Schiffsmaschine und 
Lokomotive. Auftrage des Vereines deutscher Ingenieure bearbeitet 
von Conrad Matschoss. Berlin, Julius Springer, 1908. 


Report the Improvement the City Dubuque, the 
Joint Committee Representing Dubuque Commercial Club, Civic Divi- 
sion Dubuque’s Woman’s Club, and Trades and Labor Congress. 
Charles Mulford Robinson. 


Improvement the City Detroit. made Professor 
Frederick Law Olmsted, Jr., and Charles Mulford Robinson the 
Detroit Board Commerce. Detroit. Board Commerce, 1905. 


Report the Improvement the City Ogdensburg, 
Charles Mulford Robinson. 


Report for the City Colorado Springs, Colorado, and Paso 
Roads Association the Development the Streets. Charles 
Mulford Robinson. 1905. 


Plan Civic Improvement for the City Oakland, California. 
Charles Mulford Robinson. Oakland, Cal., Oakland Enquirer Pyb-. 
lishing Co., 1906. 


The Beautifying Honolulu. Charles Mulford Robinson. 
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Affairs. MEMBERSHIP—ADDITIONS 


MEMBERSHIP 


ADDITIONS 
(March April 7th, 1908.) 
MEMBERS 


WILLIAM MELVIN. Chf. Engr., East- 


ern Expanded Metal Co., Paddock Bldg., 


Boston (Res., Auburn St., Malden), 


Engr., Beacon St., Boston, Mass.... 
BENJAMIN. 586 Newton St., Chestnut Hill, 

Brookline, Mass 
Dimon, DANIEL Asst. Engr., West- 


inghouse, Church, Kerr Co., Bridge Assoc. 


St., New York City (Res., 315 Paulison 

WILLIAM Civ. and Hydr. Engr., 303 Com- 
monwealth Bldg., Jackson, Mich 

JACKSON, THOMAS HERBERT. Capt., Corps Engrs., 
A., 1733 Pine St., San Francisco, Cal 

KENDALL, CHARLES Box 762, Manila, Philippine 
Islands 

Kerr, HALBERT STEVENS. Gen. Supt., Cerro Pasco Ry. 
Co., Oroya, Peru 

and Prof. Civ. Eng., Univ. Colo- 
rado, Boulder, Colo 

Lea, Jr. Chf. Engr., Air Coal Iron Co., 
Bon Air, Tenn 

JAMES Chf. Engr., Bar Harbor 
Union River Power Co., 

ALBERTSEN. Structural Engr., West- 
inghouse, Church, Kerr Co., Bridge St. New 
York City 

Engr. Chf., Anhui Ry. Co., 
Wuhu, China 

ALBERT OWEN. 208 West 7th St., Sterling, 

Treadaway-Junker Bldg., Beau- 


York City 


JoHN ALBERT. Assoc. 


Philadelphia, 


Assoc. 


Date 
Membership 


Mar. 


Jan. 
Mar. 31, 


Mar. 
Oct. 
Mar. 31, 
April 
Nov. 


Feb. 


Sept. 
Mar. 


Mar. 


April 


April 


Jan. 
Mar. 


Mar. 
Jan. 
Mar. 
Mar. 
Jan. 
Mar. 


1900 
1908 


1904 
1908 


1908 


1901 
1908 
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1908 

1908 

1907 

1908 

1901 

1908 

1908 

1908 

1908 

1908 

1908 

1900 

1908 

1901- 

31, 1908 
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MEMBERS (Continued). 


Service, North Yakima, Wash 


PRESTON. Capt., Corps 


Engrs., A., Engr. Office, Fed- 
eral Bldg., Dallas, Tex 


ASSOCIATE MEMBERS 


Apams, 135 Adams St., Chicago, 
Baker, SHELDON Asst. Engr., Jun. 
Reclamation Service, Phoenix, Ariz... Assoc. 
Brown, CHARLES EUGENE. Oakwood Hudson 
JOHN Engr. Office, Nashville, Tenn. 
CARBERRY, RAy SHEPPARD. Engr., Reclamation 
CREELMAN, CHARLES Care, Str. Mountain Gem, 
CUNNINGHAM, WALTER. 517 Perry-Payne 
Davis, Chf. Engr., Federal Lead Co., Flat 


703 Westlake Ave., Los An- 
Stillman Co., Exchange Jersey 
Frep. Chf. Engr., Granite 
Mfg. Co., Marble Falls, Tex.......... 


Engr. Track and Bridges, 
Saratoga Encampment Ry., Saratoga, Wyo 
Fireproofing Co., Youngstown, Ohio... Assoc. 


InaGAKI, Hyoraro. Res. Engr., Imperial Govt. Taiwan 
Rys., Taipeh, Formosa, 
West 26th St., New York City.. 
MERRIMAN, THADDEUS. Asst. the Chf. 
Engr., Board Water Supply, 299 
Broadway, New York City........ 
O’Connor, JoHN 131 Lancaster St., Albany, 


[Society 
Date 
Membership 

1903 
Mar. 1908 
1905 
Mar. 31, 1908 
April 1908 
1906 
Mar. 1908 
Mar. 1908 
Mar. 1908 
Mar. 1908 
Mar. 1908 
Mar. 1908 
Oct. 1907 
Mar. 1908 
Mar. 1908 
Jan. 1906 
April 1908 
1905 
Feb. 1908 
Nov. 1907 
Nov. 1904 
1908 
1908 
1907 
April 
April 1899 
April 1908 
April 1908 
April 1908 
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ASSOCIATE MEMBERS (Continued). 


Washington, 


ANTHONY Asst. Engr., State Barge 
Canal, Barge Canal Office, Amsterdam, Y...... 
Box 259, Carson City, Jun. 
THRANE, Engr., Bldg. Dept., General 
Roy Asst. Prof. Structural Eng., Penn- 
sylvania State Coll., Box 381, State College, Pa.... 
BLAKEMORE. Mech. Engr., Dodge Mfg. 


Co., 535 Arch St., Philadelphia, Pa.............. 
JUNIORS 
ATWELL, Harry Hurp. 623 Division St., Ann Arbor, 
CARBAJAL, FERNANDO. Care, Engineering Society, Lima, 
119 Union Ave., Montreal, Que., 
Canada 


COPELAND, FREDERICK Care, Bates Rogers 
Constr. Co., 211 Lindelle Blk., Spokane, Wash 
DANN, ALEXANDER WILLIAM. Searcy, 
SAMUEL. Broadway, Room 1012, New 
GREATHEAD, JOHN Care, Barge Canal Office, 
Weighlock Bldg., Syracuse, 
LELAND WESLEY. 164 Yates St., Albany, Y...... 
ERNEST FRANKLIN. Engr. Office, West 
4444 Main St., Manayunk, 
ALBERT 2435 Piedmont Ave., Berkeley, 
Cal 


CHANGES ADDRESS 


MEMBERS 

AHERN, JEREMIAH. Dist. Engr., Reclamation Service, Powell, Big 
Horn Co., Wyo. 

ALLEN, CHARLES ALBERT. Cons. Engr., Station Worcester, Mass. 

Percy Chf. Engr., Madeira-Mamoré R., Box 
304, Manaos, Brazil. 


Assoc. 
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Membership 
April 1908 
1907 
April 1908 
Nov. 1904 
Mar. 1908 
Jan. 1908 
April 1908 
Nov. 1907 
Mar. 31, 1908 
Jan 1908 
Mar. 31, 1908 
Nov. 1907 
Feb. 1908 
Mar. 1908 
Mar. 1908 
Feb. 1908 
Mar. 1908 
Mar. 31, 1908 
Mar. 1908 


7 
JULIAN CHATARD. 319 West 95th St., New York 
7 
q 
8 q 
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MEMBFRS (Continued). 


WILLIAM ANDERSON. 2405 St. Mary’s Ave., Omaha, Nebr. 

THOMAS CHALKLEY JAMES, JR. 531 Randolph St., W., Washing- 
ton, 

Corry, Avery. Chf. Engr., Peruvian Southern Ry., Arequipa, Peru. 


Washington, 


DoANE, WALTER Meadville, Pa. 

HAYDEN, WILLIAM Chf. Engr., Lake View Traction Co., Room 
400, Goodwin Inst., Memphis, Tenn. 

STANLEY. First Asst. Engr. the Director General 
Public Works for the Island Cuba, Charge Water Supplies, 
Calzada, Vedado, Havana, Cuba. 

Chf. Engr., Mo. River Gulf R., 2308 Harrison St., 
Kansas City, Mo. 

WILLIAM WALTER. 574 Woodward Ave., Detroit, Mich. 

CLARENCE Asst. Engr., Bureau Highways, Room 1605, 
Park Row Bldg., New York City. 

Potter, Asst. Engr., Export Office, Westinghouse Elec. 
Mfg. Co., Tlahualilo, Dgo., Mexico. 

Price, WILLIAM GUNN. 260 Reis St., New Castle, Pa. 

SAFFoRD, STANLEY. Civ. and Cons. Engr., Sharon, Mass. 

Simpson, 507 Shady Ave., Pittsburg, Pa. 

SNELL, THOMAS CULLEN Engr., The National Board Fire Under- 
writers, 135 William St., New York City. 

ware Co., 

ERNEST FREDERICK. Engr., Reclamation Service, Powell, Wyo. 

Tucker, Ross Francis. West 32d St., Room 1103, New York City. 

WEEKS, WILLIAM CHARLES. 209 Lindelle Blk., Spokane, Wash. 

Room 602, Fidelity Bldg., Philadelphia, Pa. 

Yates, Preston Kine. 428 Granite Bidg., Rochester, 


ASSOCIATE MEMBERS 


Philadelphia, Pa. 
Guy Res. Engr., R., Logans Store, 
Rutherford Co., 
Henry. Pres. and Gen. Mgr., Best Constr. Co., Wapato, Wash. 
Cons. and Con. Engr. (H. Converse Co.), 
Broad St., Boston, Mass. 
408 Walker Bldg., Salt Lake City, 
Ray Howarp. 1271 East 4th South, Salt Lake City, Utah. 
Estyn. Engr., Reclamation Service, Browning, 
Mont. 
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ASSOCIATE MEMBERS (Continued). 


HERMANNS, FRANK Epwarp. Prof. Railroad Eng., Imperial Pei Yang 
Univ., Tientsin, China. 

Lester Morton. Care, Indian Service, Birney, Mont. 

Hyatt, Care, Hastings Paving Co., Hastings-on-Hudson, 

SAMUEL. Care, Robert Hunt &.Co., 1121 The Rookery, 
Chicago, 

KNIGHT, FRANK Barr. Sales Mgr. and Engr., Chicago Office, Lidgerwood 
Mfg. Co., 1917 Fisher Bldg., Chicago, 

JOHN CLARENDON. Engr., W., Cananea, Yaqui River 
Pacific R., Sonora Ry. and Co. Branch Lines Arizona, 
Ariz. 

MANAHAN, ELMER Gove. Care, Hering Fuller, 170 Broadway, New York 
City. 

RANKIN, HARRY 1217 Park Bldg. (Res., 1207 South Negley Ave.), 
Pittsburg, Pa. 

Ross, THOMAS ALEXANDER. Chf. Engr., Hunan Div., Hankow Canton Ry., 
Box 185, British Shanghai, China. 

SESSER, JOHN Care, Kenly Co., First National Bank 
Bldg., Chicago, 

SEVERSON, OSCAR MELVERN. Asst., State Eng. Dept., 403 Elm St., Rome, 


STEFFENS, WILLIAM Engr. Bridges and Bldgs., Carolina, 
Ohio Ry., Johnson City, Tenn. 

STEWART, JOHN TRUESDALE. Care, Agricultural Coll., St. Anthony Park, 
St. Paul, Minn. 

CHARLES Woop. Chf. Engr., Hydrologic Comm. Chicama, Cuerpo 
Ingenieros Minas del Peru, Lima, Peru. 

CHARLES Care, Post Office, Tyler, Tex. 

UNDERHILL, GRANDISON GRIDLEY. So. Hamilton St., Poughkeepsie, 

Vinton, Pres., Tucker Vinton, Terminal Bldg., 
New York City. 

WapswortH, Care, Met. Impvts. Comm., Beacon 
Boston, Mass. 

127 Montgomery St., San Francisco, Cal. 

Hydr. and Civ. Engr., Gas Elec. Co., 925 
Franklin St., San Francisco, Cal. 


ASSOCIATE 


Lewis Asst. the Pres., The Safety Car Heating 
Lighting Co., Rector St., New York City. 


q 
q 
q a 
- 
; 


184 MEMBERSHIP—CHANGES ADDRESS—DEATH [Society 


JUNIORS 


Asst. Supt., The Ashtabula Rapid Transit 
Co., Ashtabula, Ohio. 

BALDRIDGE, JAMES Care, Kappa Sigma Club, 304 West 58th St., 
New York City. 

BreMER, 177 Winyah Ave., New Rochelle, 

Corp, Henry Care, Bureau Public Lands, Manila, Philippine 
Islands. 

CROWELL, Francis Asst. Engr., Dept. State Engr. and 
Mineola, 

ELTINGE, ORVILLE 1821 Seventh Ave., Troy, 

GEORGE MITCHELL. 433 Chestnut St., South Bethlehem, Pa. 

FEDERLEIN, WALTER GOTTLIEB. 2798 Marion Ave., Bronx, New York City. 

Asst. Engr., Geological Survey, Washington, 

JABELONSKY, CARL Care, Am. Concrete Steel Co., Newark, 

JONES, GEORGE Box 106, Valdosta, Ga. 

THAYER. Telluride, Colo. 

Instrumentman, R., Gorgona, Canal Zone, 
Panama. 

CurTIss. 215 Fredonia Ave., Peoria, 

Ranson, WILLARD. Care, General Fireproofing Co., Youngstown, 
Ohio. 

CHARLES. 130 4th St., Muskogee, Okla. 

HERBERT. Res. Engr., State Engr.’s Dept., Mineola, 

Vincent Asst. Engr., Dept. Port-Works, Manila, 
Philippine Islands. 

WRIGHT, GEORGE CREIGHTON. Grand Ave., Rochester, 


DEATH 


Irvine. Elected Member, October Ist, 1890; died March 
28th, 1908. 
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MONTHLY LIST RECENT ENGINEERING ARTICLES 
INTEREST 


(March 10th April 6th, 1908) 


list published for the purpose placing before the 
members the the titles current engineering articles, 
which can referred any available engineering library, can 
procured addressing the publication directly, the address and price 
being given wherever possible. 


each journal this list: 


(1) 
(2) 


(3) 
(4) 
(5) 
(6) 


(7) 
(8) 
(9) 
(10) 
(11) 
(12) 


(13) 
(14) 
(15) 
(16) 
(17) 
(18) 
(19) 


(20) 
(21) 


(22) 
(23) 
(24) 
(25) 
(26) 
(27) 


LIST PUBLICATIONS 
the subjoined list articles, references are given the number 


Journal, Eng. Soc., 
Milk St., Boston, Mass., 30c. 

Proceedings, Engrs. Club 
Phila., 1122 Girard St., Phila- 
delphia, Pa. 

Journal, Franklin Inst., Philadel- 
phia, Pa., 50c. 

Journal, Western Soc. 
Monadnock Chicago, 

Transactions, Can. Soc. E., 


Montreal, Que., Canada. 
School Mines Quarterly, 
Univ., 


Co- 
New York City, 


Technology Quarterly, Mass. Inst. 
Tech., Boston, Mass., 75c. 

Stevens Institute Indicator, Stevens 
Inst., Hoboken, J., 50c. 


Engineering Magazine, New York 
City, 25c. 

Magazine, New York City, 

Engineering (London), 
Wiley, New York City, 25c. 

The Engineer 
national News Co., New York 
City, 35c. 


News, New York City, 


The Engineering Record, New York 
City, 12c. 

Gazette, New York City, 

Engineering and Mining Journal, 
New York City, 15c. 

Street Railway Journal, New York 
City, 10c. 

Railway and Engineering Review, 
Chicago, 10c. 

Scientific 
New York City, 

Iron Age, New York 

Railway London, 
land, 

Iron and Coal Trades Review, Lon- 
don, England, 25c. 

Bulletin, American Iron and Steel 
Assoc., Philadelphia, Pa. 

American Gas Light Journal, New 
York City, 10c. 


Supplement, 


Eng- 


Engineer, New York 
City, 20c. 

Electrical Review, London, Eng- 
land 


World, New York City, 
c. 


(28) 
(29) 
(30) 
(31) 
(32) 
(35) 
(37) 
(38) 
(40) 
(41) 
(42) 
(43) 
(44) 


(45) 
(46) 
(47) 
(48) 
(49) 
(50) 
(52) 
(53) 


(54) 
(55) 
(56) 


Journal, New Water- 
Works Assoc., Boston, Mass., $1. 
Journal, Society Arts, London, 


England, 15c. 

Annales des Travaux Publics 
Belgique, Brussels, Belgium. 

Annales VAssoc. des Ing. Sortis 
des Ecoles Spéciales Gand, 
Brussels, Belgium. 

Mémoires Compte Rendu des 
Soc. Ing. Civ. 
France, Paris, France. 

Génie Civil, Paris, France. 
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Marine—(Continued). 
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Mechanical. 


Gas, Gas Engines, and Gas Producers.* Seton Gray. (5) Vol. 21, Pt. 
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Burning Bituminous Coal without Smoke. Breckenridge. (Abstract paper 
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Motor-Car Design.* Lanchester. (Paper the Inc. Inst. Automo- 
bile Engrs.) (11) Serial beginning Mar. 13. 

Purchasing Milling Machines Power. Vernon. (12) Mar. 13. 

The Principles Steam-Turbine Buckets.* William Snow. (64) Mar. 17. 

Auxiliaries for Steam Turbines.* Thomas Franklin. (64) Mar. 17. 

Graphical Presentation Power-Plant Costs.* Way. (64) Mar. 17. 

The William Baxter, Jr. (64) Mar. 17; Mar. 10; Mar. 24; 

ar. 31. 

The Works Sir William Arrol and Co., Limited.* (11) Mar. 20. 

Wire Ropeway the North Argentine Cordilleras.* (11) Serial beginning Mar. 20. 

Inland Portland Cement Works.* (12) Mar. 20. 

The Selection Coal. Bailey. (Abstract paper read before the St. 
Ry. Club.) (14) Mar. 21. 

the Heat Balance Lime Kilns. Robert Schorr. (16) Mar. 21. 

The Disposal Coal Tar. Carroll Miller. (Paper read before the Assoc. 
Gas Engrs.) (24) Mar. 23. 

Manufacture Gas for Balloons.* Crafts. (Paper read before the 
Assoc. Gas Engrs.) (24) Mar. 23; (83) Apr. 

Plant the Altoona Portland Cement Company Portrayed.* Victor Beutner. (62) 
Mar. 23. 

The Formation Steam. Smith. (12) Mar. 27. 

The Hungarian State Engineering Works.* (12) Serial beginning Mar. 27. 

South American Aerial Rope Railroad.* (19) Mar. 28. 

The Approximate Cost Gas Power.* Cleghorn. (64) Mar. 31. 

Increasing the Rate Heat Absorption Steam Boilers; Principles Governing the 
Transmission Hot Gases through Plates.* Walter Ray and 
Henry Kreisinger. pr. 

Epicyclic for Automobiles.* Borthwick. (10) Apr. 

Hoisting Machinery for the Handling Kennard (9) 


Piping for Industrial Plants.* Houseman. 

Government Fuel Testing Plant Denver, Colorado.* Delamater. (49) Apr. 

Regulation the Draft Steam-Boiler Wakeman. (27) 
Apr. 


*Tllustrated. 


{ 
7 
| 
1 
| 
4 
P 
| 


° 

| 

| 

| 

| 


CURRENT ENGINEERING LITERATURE 191 


Mechanical— (Continued). 


the Comparison Public Street Lighting Webber. (From 
the Gas World.) (24) Apr. 


Retort House Practice. Hartman. (Abstract paper read before the 
Gas Assoc.) (24) Apr. 

Les Gazogénes Gaz Pauvre.* Letombe. (32) Jan. 

Réflexions sur Rodet. (37) Feb. 
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Calcul des Contrepoids dans les Machines Alternatives.* 


Georges Bourrey. (33) 

ar. 
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Das Hochofendiagramm. Carl Brisker. (50) Mar. 18. 
Stickstoff Eisen.* Tschischewski. (50) Mar. 18. 


Mining. 
Dense-Air Winding-Engine for the Consolidated Gold-Fields South Africa.* (11) 


Neumann. 


ar. 
Accidents Winding, with Special Reference Ropes, Safety-Cages, and Con- 
trolling Devices for Colliery Winding Engines. George Winstanley, 
Inst. (Abstract paper read before the Manchester Geol. and Min. 
Soc.) (22) Mar. 13; (57) Mar. 13; (47) Mar. 27. 
Reduction Working Ccsts the Rand Mines. George Denny. (16) Mar. 14. 
Shaft Timbering Brakpan, Transvaal, A.* Eustace Weston. (16) 14. 
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Experimental Studies the Work Water Jigs. Hansell. (Abstract 
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Appliances the Mines France.* Jacques Boyer. (9) Apr. 
Coal Puncher.* Timothy Sprague. (45) Apr. 
Sunrise Iron Mine.* Vallat. (45) Apr. 
The Recovery Anthracite from Culm Banks.* Richard Lee. (16) Apr. 
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Miscellaneous. 


Primary Standard Light.* Charles Steinmetz. (42) Mar. 

The United States Capitol Subways.* Knight. (14) Mar. 21. 

Methods Grubbing Stumps and Trees.* (86) Mar. 25. 

The National Physical Laboratory 1907. (11) Serial beginning Mar. 27. 
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Given.* Kennelly. (27) Mar. 28. 
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Municipal. 


The Construction Small Parks Chicago.* Linn White. (4) Feb. 

The Problem Road Construction with View Modern and Future Require- 
ments.* Hele-Shaw and Douglas Mackenzie. (29) Feb. 28. 

New York’s Electrically-Operated, High-Pressure Water System for Fire Protec- 
tion.* (27) Mar. 14. 

Street Lighting the City New York.* Thurston Owens. (83) Mar. 16. 
Present-Day Road Requirements Town and Country. Brown. (Paper read 
before the Royal San. Inst.) (14) Mar. 21. 
Cost Repairs Asphalt, Brick and Stone Pavements Erie, Pa. (Abstract 
from Annual Report City Engr.) (60) Apr. 


Jobs Laying Asphalt Pavement Southern California City. 


Apr. 
The Cost Brick Pavements and Cement-Mortar Curbs Centerville, Iowa. 
Hall. (13) Apr. 


Railroad. 


Investigation the Value the Indentation Test for Steel Rails.* 
Dutcher. (5) Vol. 21, 


Discussion Steel Rail Failures. (5) Vol. 21, Pt. 

The Railway Track the Past, and its Possible Development the Future.* 
Schaub. (4) Feb. 

Automatic Cab-Signalling Locomotives.* Pigg. (77) Feb. 

Coaches and Sleeping Cars.* Sam’l Thompson. (61) 

eb. 18, 

The Dar-es-Salam Morogoro Railway.* Schubert. (Abstract paper read before 
the Verein fiir Eisenbahnkunde.) (87) Mar. 

4-6-2 Express Passenger Engine; Great Western Railway.* (21) Mar. 

Power Reversing Gear; Great Eastern Railway.* (21) ar. 

Crewe; London and North Western Railway.* (21) Serial beginning Mar. 

The Purchasing Department Railway System and the Importance Co-opera- 
tion Among Different Departments the Service Intelligently Standardizing 
Many the Articles Purchased. Thorne. (65) Mar. 

Cost Making Railway Embankments with Wheelbarrows, Showing the Economy 
Piece Work. Wilmer Waldo. (87) Mar. 

The Flaman Speed Indicator and Recorder for Locomotives.* (47) Mar. 

Trials the Vacuum Brake (Hardy System) the Arlberg Lines.* (88) Mar. 

The Hanover York Single-Phase Railway.* (72) Mar. 

The Proposed Elimination Grade Crossings Worcester, Mass.* Charles 
Breed. (15) Mar. 13. 

The Illinois Central’s Birmingham Line.* (15) Mar. 

Superelevation.* Byers. (15) Mar. 13. 

Derrick Cars for Chicago, Milwaukee St. Paul.* (40) Mar. 13. 

Railroad Track Tanks.* Ross. (15) 

The Sunnyside Yard the Pennsylvania.* Shakespeare. (15) 

Coaling Stations the Belen Cut-Off.* (15) Mar. 13. 

Station Standards; Virginian Railway.* (15) Mar. 13. 

The Boise Interurban Railway.* (72) Mar. 14. 

Large Installation Crossing Bells, C., C., St. Ry.* (18) Mar. 14. 

Steam Heat from Electric Locomotives.* Ripley. (20) Mar. 19. 

Passenger Rolling-Stock; Natal Government Railways.* (11) Serial beginning 
Mar. 20. 

Growth the Norfolk Southern System.* (40) Mar. 20. 

Union Terminal Washington, C.; Locomotive Terminal.* (40) Mar. 20. 

Australian Timbers for Cross Ties. Burge, (14) Mar. 21. 

The Chicago Southern Traction Co.* Hinstorff. (72) Mar. 


The Value Electrification Steam-Railroad Improvement. Clarence 
Fowler. (27) Mar. 21. 


The Northern Electric Street Railway Company Scranton, Pa.* (17) Mar. 21. 

New Locomotives for the Atchison, Topeka Santa Fe.* (15) Mar. 27. 

Locomotive Fuel Economy.* (25) Serial. beginning Apr. 

High Steam Pressures Locomotive Service.* (15) Apr. 

Pacific Locomotive for the New York Central.* (15) Apr. (18) Apr. 

The East River Tunnels the Pennsylvania Railroad.* (15) Apr. 

Bolt Locking. Arkenburgh. (15) Apr. 

Hauling Locomotive Mountain Side.* (15) Apr. 

Power Station Improvements, Original Devices and Ideas the West Penn Station 
Connellsville, Pa.* (17) Apr. 

The Proper Construction and Tracks Electric Railway Service. 

before the Central Blec. Ry. Assoc.) 

The Second Raton Hill Tunnel the Atchison, Topeka Santa Railway. (14) 


Mar. 13. 


The the Four East River Tunnels the Pennsylvania Railroad.* (14) 


Les Sous-Marins New York.* Edmond (33) Serial begin- 
ning Feb. 29. 
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Locomotive-tender Marchandises, Cinq Essieux Accouplés, des Chemins Fer 


Matériel Roulant des Chemins Fer italien.* Raulin. 


Mar. 21. 
Versuche mit Durchgehenden Bremsen bei Giiterziigen.* Johann 
Rihosek. (53) Serial beginning Mar. 


Railroad, Street. 


Cost Constructing Steel Railway Track with Rubble Concrete Base Ft. Wayne, 
Ind.* (86) Mar. 11. 


The Strand Embankment Subway.* (12) Mar. 13. 

Recent Extension the Berlin Hoch- und Untergrundbahn.* (73) Mar. 13. 

The Street Railway System San Diego, Cal.* (17) Mar. 14. 

Improved Steel Car for the New York Subway.* (17) Mar. 14. 

Report the Subway Signal System the Interborough Rapid Transit Company. 
Bion Arnold. (Abstract.) (17) Mar. 21; (72) Mar. 21. 


Sanitary. 


The Pollution Waters Common Law and Under Statutes. Charles Choate, 
Jr., Esq. (Paper read before the Boston Soc. Civ. Engrs.) (1) Feb. 
The Relative Hygienic Values Gas and Electric Lighting.* Samuel Rideal. 


ar. 


The Disposal Town’s Refuse. (66) Mar. 10. 


Heating and Ventilation the Madison Square Presbyterian Church, New York.* 
Mar. 


The Chicago Garbage Reduction Plant.* Emmons Alden. (13) Mar. 12. 

The New Sewage Purification Works for Berlin-Wilmersdorf, Germany.* Wm. 
Paul Gerhard. (13) Mar. 19. 

Results Tests Cement Drain Tiles. Marston. (Abstract paper read 

the Iowa Cement Users’ Assoc.) (86) Mar. 25. 

Reinforced-Concrete Intercepting and Outfall Sewer, Waterbury, Conn.* Wm. 
Gavin Taylor, Am. Soc. (13) Mar. 26; (14) Apr. 

Tests Boiler Settings the Board Chicago, (14) Mar. 28. 

New York Laws Relating the Pollution Streams.* Seymour. (Abstract 
from Report Conference San. Officers Y.) (60) Apr. 

Methods Metropolitan Works.* Howard Knowlton. (14) 


pr. 
Large Double-Barrel Sewer Built across Salt Marsh.* (14) Apr. 
Druckliftung Karl Brabbée. (48) 29. 


Structural. 


The San Francisco Earthquake April 18, 1906. Joseph Harper. 
read before the Montana Soc. Engrs.) (1) Feb. 

The Construction and Costs Concrete Gasholder Tank.* Frith. (Paper 
read before the Manchester Dist. Inst. Gas Engrs.) (66) Mar. 

The Construction Combined Smokestack and Water Tank.* Stoffels. (13) 


(Paper 


ar. 12. 

Defective Foundations Mt. Royal Water-Works Pumping Station, Baltimore, 
Md.* Alfred Quick, Assoc. Am. Soc. (13) Mar. 12. 

The Use Reinforced Concrete Engineering and Architectural Construction 
America.* Ernest Matthews, Assoc. Inst. (29) Mar. 

The Design Ferro-Concrete Chimneys.* Percy Taylor, Inst. 
Charles Glenday, Mech. E., and Oscar Faber. (11) Mar. 13. 

Reinforced Brickwork.* (47) Mar. 20. 


Recent Improvements Decorators’ Materials. Arthur Seymour Jennings. (29) 


Mar. 27. 
The Phelan Building, San Francisco.* (14) Mar. 28. 
The Effect Tunneling Operations St. Paul’s Cathedral, London. (14) Mar. 28. 
Kansas City Plant the American Creosoting Company.* (40) Apr. 
The Development Building Foundations.* Frank Skinner, Am. Soc. 


Apr. 
The the Thirty-Ninth Street Building, New York.* Goodrich. 
(14) Apr. 


The Construction the City Investing Building, New York.* (14) Apr. 

The Erection the Metropolitan Life Building Tower, New York. (14) Apr. 

Foundation Construction for the New State Capitol South Dakota.* Samuel 
Lea, Am. Soc. (14) Apr. 

Reinforced Concrete Oil Tank Building: Design, Construction and Cost.* Charles 
Leonard. (Paper read before the Assoc. Gas Engrs.) (24) Apr. 

Application des Théories Certaines Recherches Relative 
ticité des Corps Solides.* Emile Rousseau. (30) Feb. 

Détermination Graphique des Efforts Réels dans Hourdis Béton 
Armé.* Rieger. (33) Mar. 

Probebelastung einer Compressol-Pylone.* Fritz von Emperger. (78) Feb. 

Silo der Gipswerke Egeres, Siebenbiirgen.* Karl von Terzaghi. (78) Feb. 
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~Berechnung von Konstruktionen aus Eisenbeton.* Ramisch. 
eb. 
Welchen Querverband Bedarf eine von Emperger. (78) Serial 
beginning Feb. 
Die Vorschriften des Ministeriums des Innern, betreffend die Bauweisen 
Stampfbeton oder Betoneisen. (53) Serial beginning Mar. 


Neubau eines fiir die Firma Teubner Leipzig.* Em. 
Haimovici. (78) Mar. 12. 


Versuche und Berechnung von mit Ringférmigem Querschnitt.* 


Schiile. (78) Mar. 
Der Schubmodul des Betons.* (78) Mar. 12. 


Priifung von (80) Mar. 21. 


Water Supply. 


The Huronian Company’s Power Development.* Ross and Henry Hol- 
gate. Vol. 21, Pt. 

Power Development the Kootenay River for the West Kootenay Power Light 
Company, Limited.* Robert Ross and Henry Holgate. (5) Vol. 21, Pt. 

Engineering the University Wisconsin.* Daniel Mead. (4) 


eb. 

Reclamation Projects Montana. Savage. (Paper read before the Mon- 
tana Soc. Engrs.) (1) Feb. 

Experience with Producer Gas Plant.* Thomas. (28) Mar. 

Few Words about Hollow Concrete-Steel Dams.* Charles Eglee. (28) Mar. 

The Action Water Pipes. Freeland Howe, Jr.* (28) Mar. 

Sand Filters and Clear-Water Tanks for Small Water-Works.* (11) Mar. 

Defective Foundations Mt. Royal Water-Works Pumping Station, Baltimore, 
Md.* Alfred Quick, Assoc. Am. Soc. (13) Mar. 12. 

High Relative Rates Filtration with Slow Sand Filters.* William Fuller, 
Am. Soc. (13) Mar. 12. 

Irrigation Egypt under British Direction.* Sir Hanbury Brown. (29) Mar. 13. 

Hydro-Electric Development Utah.* (14) Mar. 14. 

Concrete and Earth Diversion Dam California.* (14) Mar. 14. 

The Highest Head Francis Turbine: Centerville Hydro-Electric Power Installation 
the California Gas and Electric Corporation.* James Wise, Assoc. 


Am. Soc. (Paper read before the San Francisco Assoc. Am. Soc. E.) 
(13) Mar. 19. 


High Head Reaction Turbine Installation.* (14) Mar. 21. 

The Water-Supply System Salt Lake City, Utah.* (14) Mar. 21. 

Novelties Filtration and Their Theory. Ad. Kemna. (13) Mar. 26. 

The Reinforced Concrete Reservoirs and Aqueduct Mexico City.* James 
Schuyler, Am. Soc. (14) Mar. 28. 

Construction the Main Dam the Croton Falls Reservoir.* (14) Mar. 28. 

Purification Water Supply Lawrence, Mass.* Rodney Ball. (60) Apr. 

Cost Earth Work the Belle Fourche Dam, South Dakota. (13) Apr. 

Explorations for Hudson River Crossing the Catskill Aqueduct, New York City.* 
Alfred Flinn, Am. Soc. (13) Apr. 

The Cataract Dam; Water Conservation New South Wales.* (19) Apr. 

Notable Ground-Water Development Pueblo, Colo.* (14) Apr. 

Large Irrigation and Power Project Southern California.* (14) Apr. 

Penstock with Reinforced Concrete Lining the Northern Aluminium Works, 
Shawinigan Falls.* (14) Apr. 

Construction Features the Hydro-Electric Plant the Rockingham Power Co.* 
Viehe. (14) Apr. 

Construction Methods the Water Purification Plant Toledo, Ohio.* Mc- 
Kechnie. (14) Apr. 

Stérilisation des Eaux par Procédé Frise.* (30) Feb. 

Ueber Hydraulische Akkumulierungsanlagen bei Kraftwerken.* Artur Budau. (53) 
Serial beginning Mar. 13. 

Ueber Massnahmen gegen die Angreifenden des Frankfurter Grund- 
wassers.* Scheelhaase. (Paper read before Deutsche Beton 
Mar. 21. 


Waterways. 


Some the Engineering Problems Involved the Construction Deep Water- 
way from the Great Lakes the Gulf Mexico.* Ockerson. (Paper 
read before the Engrs. Club St. Louis.) (1) Feb. 

Blyth Harbour Improvements.* (12) Mar. 

The Construction the Base Baltimore Light, Chesapeake Bay.* Prime 
Kieffer. (14) Mar. 14. 

The Cost Hydraulic the Mississippi River. Lieut.-Col. Clinton 

rs. 14) Mar. 

the Erie Barge Canal.* James Cooke Mills. (10) Apr. 

Installations Maritimes Gand. (Abstract from Annual Report, 1906, the 
Assoc. des Intéréts Maritimes Gand.) (30) Feb. 

Gellens and others. (30) Feb. 

Grue Tonnes Port Rochelle-Pallice.* Lombard. (33) Mar. 14. 
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This Society not responsible, body, for the facts and opinions advanced 
any its publications. 


SOCIETY AFFAIRS 


CONTENTS 
Minutes Meetings: 


the Society, April 15th, and May 6th, 1908 


Announcements 
Hours which the Society House 
Meetin 
Annual Convention 
Papers and Discussions. 


Privileges Engineering Extended Members... 
Local Associations 


the Library: 


Membership (Additions, Address, Deaths) 
Recent Engineering Articles Interest 


MINUTES MEETINGS 
THE SOCIETY 


April 15th, 1908.—The meeting was called order 8.30 M.; 
Bowman, Am. Soe. E., the chair; Chas. Warren Hunt, 
and present, also, 129 members, and guests. 

paper Usina, Am. Soe. E., entitled “Recent 
Developments Pneumatic Foundations for Buildings,” was presented 
the author, and illustrated with lantern slides. The paper was dis- 
cussed Messrs. Skinner, Kennard Thomson, Meem, 
Brown, and the author. 

The Secretary announced the following deaths: 


JoHN Braprorp elected Member, October 4th, 1905; died 
24th, 1908. 


Meyer, elected Member, December 1852; died 
January 26th, 1908. 
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Louis elected Member, May 5th, 1897; 
died April 3d, 1908. 

Epwarp elected Member, February 6th, 1895; died 
April 6th, 1908. 


Adjourned. 


May 6th, 1908.—The meeting was called order 8.30 M.; 
James Owen, Am. Soc. E., the chair; Chas. Warren Hunt, 
Secretary; and present, also, 105 members, and guests. 

The minutes the meetings March 18th and April 1908, 
were approved printed Proceedings for April, 1908. 

The Secretary presented, behalf Stephen Child, Am. 
E., the following resolution: 


“The American Society Civil Engineers desires place itself 
record being heartily accord with the spirit the ‘Con- 
ference the conservation natural resources, held the 
White House, May 13-15, 

“No other organization more fully alive the waste the 
country’s natural resources, that has been allowed on, than this 
Society, and believe that ‘no more important conference than this 
has been called since that memorable one which met Philadelphia 
1787, and drafted the constitution under which the United States 
has attained its present prominent position. The proposition that 
there now broad consideration the conservation our remain- 
ing natural resources forest, minerals, water and scenery, suggests 
the opening era internal betterment, that should not only 
permanent, but the highest degree humanitarian and patriotic, and 
the American Society Civil Engineers desires herewith express 
its entire approval this movement, and its purpose all its 
uphold the hands President Roosevelt his efforts this 
ehalf. 


motion, duly seconded, the resolution was referred the Board 
Direction for report the Society. 

paper Hersey, Jun. Am. E., entitled “Sub- 
structure Piscataquis Bridge, and Analysis Concrete Work,” was 
presented the Secretary. The paper was discussed Messrs. 
George Pegram, George Francis, James Brace, James 
Fucik, Bowman, and James Owen. 

Ballots for membership were canvassed, and the following 
dates elected: 


Salt Lake City, 
Spencer Philadelphia, Pa. 

Apna Dosson, Lincoln, Nebr. 
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Epwarp Henry New York City. 


Epwin Van Fort Edward, 


ALEXANDER Logan, Ohio. 


MEMBERS 


Louis Natchez, Miss. 
JoHN Empalme, Sonora, Mexico. 
New Orleans, La. 
LLEWELLYN Hartford, Conn. 
Colima, Colima, Mexico. 
Henry New York City. 
Tuomas Hutchinson, Kans. 
New York City. 
Haas, New York City. 

San Francisco, Cal. 
JoHN CASTLEREAGH Rochester, 
Denver, Colo. 

Jr., Washington, Pa. 
Danrorp THomas, Minneapolis, Minn. 
Morton Loupon Tower, San Francisco, Cal. 
Turner, Norfolk, Va. 

Omar Asa Ariz. 

Unter, Denton, Md. 

Upson, New York City. 
Frank New York City. 
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The Secretary announced: 


The transfer the following candidates the Board Direction 
May 5th, 1908: 


Lewis Colorado Springs, Colo. 
Joun East Cambridge, Mass. 
Joun Bruce New York City. 
New York City. 
Joun SHANNAHAN, Baltimore, Md. 
Sotomon Swaas, Philadelphia, Pa. 
Louisville, Ky. 


The election the following candidates the Board Direction: 


April 30th, 1907: 


Epwarp Carrick, New York City. 


January 7th, 1908: 


Horace Lovett Eames, Albay, Philippine Islands. 
Leon Pierce, New York City. 


February 4th, 1908: 
Henry Martyn Ambridge, Pa. 


March 1908: 


Montreal, Que., Canada. 
Francts New York City. 


May 5th, 1908: 


ALGERNON Meridian, Idaho. 

Henry Hupson Epwin Lynn, New York City. 
Eastman Parker, San Francisco, Cal. 
Ryan, Paradise, Mont. 

Max Gatun, Canal Zone, Panama. 
Grant STEPHENSON, Wells, Mich. 

James Brackett Van Brooklyn, 
von Yuba City, Cal. 


Adjourned. 


q 

q 


MINUTES MEETINGS 203 


THE BOARD DIRECTION 


May 1908.—Vice-President Swain the chair; Chas. Warren 
Hunt, and present, also, Messrs. Andrews, Christie, Gibbs, 
Hazen, Hodgdon, Kittredge, Knap, Noble, Schneider, Smith, Stearns, 
and Tillman. 

Applications were considered, and other routine business transacted. 

Eleven Associate Members were transferred the grade Mem- 
ber, and ten candidates for Junior were elected. 
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ANNOUNCEMENTS 


every day, except Sundays, Fourth July, Thanksgiving Day, and 
Christmas Day. 


MEETINGS 


Wednesday, June 3d, 1908.—8.30 M.—Ballots for membership 
will canvassed, and Frederick Snare, Assoc. Am. E., will 
address the Society Cuba. The lecture, will illustrated 
with lantern slides, will relaie Engineering Construction Work, and 
the General the Island. 


Wednesday, September 2d, 1908.—8.30 M.—Ballots for mem- 
bership will canvassed, and paper entitled “Notes Upon Docks 
and Harbors,” Luther Wagoner, Am. Soc. E., will pre- 


sented for discussion. This paper printed this number Pro- 
ceedings. 


ANNUAL CONVENTION 


The Fortieth Annual Convention the Society will held 
Denver, Colo., June 23d 26th, 1908. 


The general arrangements for the Convention are the hands 
the following Committees: 


COMMITTEE THE BOARD DIRECTION 
Warren Hunt 
LOCAL COMMITTEE 


Tuomas Jaycox 
Joun BEELER Burt 


preliminary circular has been sent all members, and, soon 
arrangements reference transportation have been completed, 
additional which now press, will issued. 


PAPERS AND DISCUSSIONS 


future, all papers accepted the Publication Committee will 
classified the Committee with respect their availability for 
discussion meetings. 

Papers which, from their general nature, appear charac- 
ter suitable for oral discussion will published heretofore 
Proceedings, and set down for presentation future meeting the 


Society, and, these, oral discussion well written 
tions, will solicited. 
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All papers which not come under this heading, that say, 
those which, from their mathematical technical nature, the 
opinion the Committee, are not adapted oral discussion, will not 
scheduled for presentation any meeting. Such papers will 
published Proceedings the same manner those which are 
presented meetings, but written discussions, only, will re- 
quested for subsequent publication Proceedings and with the paper 


PRIVILEGES ENGINEERING SOCIETIES 
EXTENDED MEMBERS THE 
AMERICAN SOCIETY CIVIL ENGINEERS 


Members the American Society Civil Engineers will wel- 
comed the following Engineering Societies, both the use their 
Reading Rooms and all Meetings: 


American Institute Mining Engineers, West Thirty-ninth 
Street, New York City. 

Associagao dos Engenheiros Civis Portuguezes, Lisbon, Portugal. 

Australasian Institute Mining Engineers, Melbourne, Victoria, 
Australia. 

Boston Society Civil Engineers, 715 Tremont Temple, Boston, 
Mass. 

Brooklyn Engineers’ Club, 197 Montague Street, Brooklyn, 

Canadian Society Civil Engineers, 877 Dorchester Street, Mon- 
treal, Que., Canada. 

Civil Engineers’ Club Cleveland, 718 Caxton Building, Cleveland, 
Ohio. 

Civil Engineers’ Society St. Paul, St. Paul, 

Cleveland Institute Engineers, Middlesbrough, England. 

Engineers’ and Architects’ Club Louisville, Ky., 303 Norton 
Building, Fourth and Jefferson Streets, Louisville, Ky. 

Engineers’ Club Baltimore, Baltimore, Md. 

Engineers’ Club Central Pennsylvania, Corner Second and 
Walnut Streets, Harrisburg, Pa. 

Engineers’ Club Philadelphia, 1122 Girard Street, Philadelphia, Pa. 

Engineers’ Club St. Louis, 3817 Olive Street, St. Louis, Mo. 

Engineers’ Society Western Pennsylvania, 803 Fulton Building, 
Pittsburg, Pa. 

Institute Marine Engineers, Romford Road, Stratford, Lon- 
don, E., England. 


Institution Engineers the River Plate, Buenos Aires, Ar- 
gentine Republic. 
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Institution Naval Architects, Adelphi Terrace, 
C., England. 

Junior Institution Engineers, Victoria Street, Westminster, 

Koninklijk Instituut van Ingenieurs, The Hague, The Netherlands. 

Louisiana Engineering Society, 604 Tulane-Newcomb Building, 
New Orleans, La. 

Memphis Engineering Society, Memphis, Tenn. 

Institute Mining, Civil and Mechanical Engineers, 
Sheffield, England. 

Montana Society Engineers, Montana. 

North England Institute Mining and Mechanical Engineers, 
Newcastle-upon-Tyne, England. 

Oesterreichischer Ingenieur- und Architekten-Verein, Eschen- 
bachgasse Vienna, Austria. 

Pacific Northwest Society Engineers, 617-618 Pioneer Build- 
ing, Seattle, Wash. 

Rochester Engineering Society, Rochester, 

Sachsischer Ingenieur- und Architekten-Verein, Dresden, Ger- 
many. 

Sociedad Colombiana Ingenieros, Bogota, Colombia. 

Societe des Ingenieurs Civils France, Rue Blanche, Paris, 


France. 

Society Engineers, Victoria Street, Westminster, 
England. 

Svenska Teknologforeningen, Brunkebergstorg 18, Stockholm, 
Sweden. 


Tekniske Forening, Vestre Boulevard 18-1, Copenhagen, Denmark. 
Western Society Engineers, 1737 Monadnock Block, Chicago, 


SEARCHES THE LIBRARY 


January, 1902, the Secretary was authorized make searches 
the Library, upon request, and charge therefor the actual cost 
the Society for the extra work required. Since that time many searches 
have been made, and bibliographies and other information special 
subjects furnished. 

The resulting satisfaction, the members who have made use 
the resources the Society this manner, has been expressed fre- 
quently, and leaves little doubt that, were generally known the 
membership that such work would undertaken, many would avail 
themselves it. 

The cost trifling, compared with the value the time en- 
gineer who looks such matters himself, and the work can per- 
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formed quite well, and much more quickly, persons familiar with 
the Library. 

asking that such work undertaken, members should specify 
clearly the subject covered, and whether references general 
books only, are desired, whether complete bibliography, involving 
search through periodical literature, desired. 

reference this work, the Appendix* the Annual Report 
the Board Direction for the year ending December 31st, 1906, 
tains summary all searches made that date. 


LOCAL ASSOCIATIONS MEMBERS THE AMERICAN 
SOCIETY CIVIL ENGINEERS 


San Francisco, Cal. 


(Abstract) 


February 21st, 1908.—The seventeenth regular meeting the San 
Francisco Association Members, Am. was held; 
Marx, President, the chair; Franklin Riffle, Secretary; and present, 
also, members and guests. 

The minutes the previous meeting were approved. 

The Secretary announced the result the ballot the library 
resolution follows: one for, and sixty-eight against the resolution. 
Sixty-five ballots were cast favor the amendment the Constitu- 
tion making the dues payable annually instead semi-annually, and 
four ballots against it. The resolution was declared defeated and the 
amendment adopted. 

James Wise, Am. Soc. E., described the Centerville 
Hydro-Electric Power Installation the California Gas and Electric 
Corporation, and illustrated his remarks with plans and photographs. 
The was discussed Messrs. Homberger, Marx, Duryea, 
Galloway, Poole, and Hohl. 
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ACCESSIONS THE LIBRARY 
(From April 7th May 11th, 1908) 


DONATIONS.* 
LAND TREATMENT SEWAGE. 


Digest the Reports Made the Royal Commission Sewage 
Disposal Their Specially-Appointed Officers. Herbert Seoble. 
Cloth, in., pp. London, St. Bride’s Press, Ltd. 
shillings, net. 


this series articles the Reports the Commission their specially 
appointed officers are the author’s main consideration. The articles were first 
issued The Surveyor and Municipal and County Engineer, and are now reprinted 
book form. sewage farms located various places England are dis- 
cussed the author. account each farm 1900-01 given, which 
followed review the information contained the blue-books issued the 
Commission. Under each farm the author discusses The composition the 
sewage and the preparation thereof before passing the land; (2) the nature 
the soil and subsoil; (3) figures relating acreage, population, etc.; (4) 
method treatment sewage and cropping land; and (5) analysis—i. e., 
quality effluent compared with sewage and with The financial side 
the question not considered these articles; and works which have been con- 
structed since 1900-01 are given only brief notice. The Contents are: Introduc- 
tory; Aldershot Camp; Altrincham; Cambridge; Croydon; Leicester 
Nottingham; Rugby (High Level); South Norwood; Summary Particulars 
the Eight Farms; Experiments; Particulars Other Farms Visited; Notes Other 
Farms Visited General Conclusions. There index. 


THE TRANSITION CURVE CURVE ADJUSTMENT 


Applied the Alignment Railroads. the Method 
Rectangular Co-Ordinates and Deflection Angles (or Polar Co- 


Ordinates). Kellogg, Am. Soc. Third Edition. 
Morocco, in., illus., pp. New York, McGraw Publishing 
Company, 1907. $1.75. (Donated the Author.) 


The theory the transition curve, developed the author based upon 
the methods given Nordling Annales des Ponts Chaussées, 1867. For 
deriving the formulas given, stated that few simple methods calculus have 
been used, but that only knowledge the ordinary processes algebra and 
trigonometry required for their application. Formulas 42-52, 60-61, taken 
connection with the tables, are intended for field practice, and may regarded 
summary the essential part the book. the three sizes type used, the 
smaller may used when the curve extended beyond ordinary limits and greater 
accuracy desired. The more important formulas are given the full-faced type. 
The Contents are: The Spiral: Definition and Object the Transition Curve: 
Fundamental Equation the Curve; Equation for Compound Curves; Central 
Angle for Compound Curves; Difference Length Spiral and Circular Arcs Sub- 
tending Same Angle; Transformation Rectangular Co-ordinates; Rectangular 
Co-ordinates the Offset Distance; Offset Distance: Distance between 
Practical Method Deflection Angles; Ordinates from Long Chord; 
Remarks Super-elevation, etc., Table Radii and Their 
lems: External Location Offset Compound Curves; 
Tangents Two Curves; Transition Curve Old Track; Explanation Tables, 
Laying out Rectangular Co-ordinates; Laying out Deflection Angles. Tables: 
Length Circular Arcs Radius Minutes Decimal Degree; Transition 
Curve Tables. Appendix: Miscellaneous Problems and Tables. 


METHODS FOR EARTHWORK COMPUTATIONS. 


York, John Wiley Sons; London, Chapman Hall, Limited, 
$1.50 net. 


The author has given, this book, series rules which the terms necessary 
for the numerical computation volumes, either the prismoidal formula 


Unless otherwise specified, books this list have been donated the publisher. 


208 


Affairs. 


ACCESSIONS THE LIBRARY 209 


the average end area method, may written directly from the notes. General 
rules, applicable any case, are given the first three chapters. Chaper 
treats the determination the volume the average end area method, when 
the transverse slope the surface measured, the resulting formulas being 
systematized that the volumes side-hill work, well thorough work, may 
readily computed. Chapter devoted the consideration the correction 
for curvature railroad work. Chapter given description the Crockett 
Volume Slide Rule, and the method applying earthwork determinations. 
stated that the adopted arrangement the scales makes the instrument gen- 
eral application. Appendix III gives summary the rules such manner 
make their application practice simple and rapid. The Contents are: 
Introduction. Application the Prismoidal Formula When the Cross-Sections 
are Determined Levels: The General Rule; The General Railroad Solid Rule; 
The Railroad Solid with only Triangular Surfaces and Plane Side Slopes; Three- 
Level Sections with Two Warped Surfaces, the Width the Road-Bed being Con- 
stant; Three-Level Sections with Two Warped Surfaces, the Width the Road- 
Bed being Constant, and with Plane Side Slopes Equal Inclination; Three-Level 
Sections with Plane Surfaces, the Width the Road-Bed being Constant, and with 
Plane Side Slopes, Equal Unequal Inclination; Special Cases: Borrow 
Pits and Grading; Railroad Side-Hill Work. II, Application the Average End 
Area Method when the Cross-Sections are Determined Levels. III, Prismoidal 
Correction when the Cross-Sections are Determined Levels. IV, Application 
the Average End Area Method when the Transverse Slope the Ground Meas- 
ured. The Correction for Curvature: The First Method; The Second Method. 
VI, The Crockett Volume Slide Rule: Application; Description; Application 
Chapters II, and III; Application Chapter Additional Applications. Ap- 
pendices: The Hyperbolic Paraboloid, and the General Applicability the Pris- 
moidal Formula; Approximate Prismoidal Correction Railroad Work; Summary. 


SECONDARY STRESSES BRIDGE TRUSSES. 


140 pp. New York, John Wiley Sons; London, Chapman Hall, 
Limited, 1908. $2.50. 


his work, the author has confined himself chiefly discussion the most 
important the secondary stresses, namely, those which are due riveted joints 
trusses. After general and historical review the subject and explanation 
the nature the problem and its solution, the four principal methods calculating 
secondary stresses are given. These chapters are followed one the principle 
least work, which the author states does not lessen the labor calculating, the 
nature the work forbidding definite rules formulas. Causes secondary 
stresses other than riveted joints are next discussed, followed short chapter 
impact. Chapter the author gives number examples bridge trusses 
calculated German authors, which has added three trusses Ameriean 
design. The final chapter contains bibliography French and German literature 
secondary stresses and impact and vibrations. The Contents are: General 
and Historical Nature the Problem and Means for Its Solution Manderla’s 
Method; Muller-Breslau’s Method; Ritter’s Method; Mohr’s Method; Method 
Least Work; Other Causes Secondary Stresses Than Riveted Joints Main 
Trusses; Examples and Concluding Remarks Literature. 


TYPHOID CAUSATION, TRANSMISSION AND PREVENTION. 


George Whipple, Assoc. Am. Soc. E., With Intro- 
ductory Essay William Sedgwick. Cloth, in., illus., 
407 pp. New York, John Wiley Sons; London, Chapman 
Limited, 1908. $3.00 net. 


The object this book, stated the preface, furnish the members 
the medical and engineering professions condensed summary the most 
important facts that have been learned regarding typhoid fever, order prevent 
the disease and its spread; furnish the student sanitary science with illustra- 
tions some the leading principles epidemiology; and give the general 
reader correct account the causation and transmission the disease and 
impress upon him his responsibility regard the conditions which its 
prevention. The Contents are: Typhoid Fever; Bacteriology Typhoid Fever 
The Typhoid Patient Focus Infection; The Typhoid ‘Bacillus Large; Lines 
Defense Against the Typhoid Bacillus; Typhoid Fever Statistics; Distribution 
Typhoid Typhoid Fever Epidemics; Investigation and Control Typhoid 
Fever Epidemics; Influence Public Water Supplies the Typhoid Fever Death 
Rates Cities; Effect Milk Supplies the Typhoid Fever Death Rates Cities 
The Aspect. There are sixteen appendices the following subjects: The 
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Use Disinfectants House The Estimation Corrected Death- 
Rates; Bacteriological Description the Typhoid Bacillus; Tests for the Diagnosis 
Typhoid Fever; The Bacteriology the Blood Typhoid Fever; Examination 
Water for the Typhoid Bacillus; Present Status Water Analysis Connection 
with the Investigation Typhoid Epidemics; The Viability the Typhoid Bacillus 
Under Natural Conditions; Typhoid Fever United States Army Camps; Extract 
From the Presidential Message Theodore Roosevelt, December, 1907; Medicine 
Peace and War; Data Cost Typhoid Fever; Typhoid Fever 
Table Populations and Typhoid Fever Death-Rates for the Registration Cities 
the United States. There index eleven pages. 


GAS POWER 


Study the Evolution Gas Power, the Design Large Gas 
Engines Europe, the Application Gas Power Various In- 
dustries, and the Rational Utilization Low Grade Fuels. 
Junge, Member Verein Deutscher Ingenieure. Cloth, illus., 
548 pp. New York, Hill Publishing Co., 1908. $5. 


The object this study said the author the presentation American 
engineers critical survey the field gas-power generation, conversion, and 
application Europe, exhibits itself its present phase development, par- 
ticularly the broad economic aspect the gas-power problem, and its relation the 
iron, coal, and kindred industries. The work divided into three parts. Part treats 
the evolution gas power and includes, beside the general economic view the sub- 
ject, historical and analytical study its development, and criticism the 
present mode application gas power. Part II, the design and construction 
large gas engines, first takes general considerations, such governing, arrange- 
ment cylinders, etc., and then devotes chapter each the Niirnberg, Borsig- 
Reichenbach, and engines. The details construction, the 
economic performance determined tests, the application various industries, 
are discussed, and this part closes with summary English, Belgian, and 
American views design and construction. Part III devoted the application 
gas power, especially its application the iron, steel, coal-mining, and coke- 
making industries. The work concludes with chapter the rational utilization 
low-grade fuels. There index pages. 


Gifts have also been received from the following: 
Alaska Mexican Gold Min. Co. pam. Compagnie Chemin Fer Nord. 


Alaska United Gold Min. Co. pam. pam. 
Alexandra (Newport South Wales) Dartmouth Coll. vol. 
Docks Ry. Co. pam. Delaware Hudson Co. pam. 
Am. Gas Inst. bound vol. Dist. Columbia-Engr. Commr. bound 


Kans.-City erk. pam. 

Baker Street Waterloo Ry. Co. Nemours Powder Co. 
Barry Ry. Co. pam. vol. 


Boston-Transit Comm. bound vol. East Indian Ry. Co. pam. 

Brit. Assoc. for the Advancement Sci. Delta Light Rys., Ltd. pam. 
bound vol. Egyptian State Rys. and Telegraphs. 

Brookline, Mass.-Water Board. pam. pam. 

Caledonian Ry. Co. pam. Ferree, Barr. bound vol., pam. 


Cal.-State Board Commrs. Furness Ry. Co. pam. 
Georgia-R. Comm. pam. 


am. 
Rys. Co. pam. Gloucester, Mass.-Water-Works. pam. 
Case School Applied Sci. pam. Grand Rapids Indian Ry. Co. pam. 
Central London Ry. Co. pam. Great Central Ry. Co. pam. 


Chicago, Indiana Southern Co. Great Eastern Ry. Co. pam. 


pam. Great North Scotland Ry. Co. 
City South London Ry. Co. pam. 


pam. 
Civ. Engrs.’ Club Cleveland. bound Great Northern City Ry. Co. pam. 
vol. Great Northern, Piccadilly 
Cincinnati, Chicago St. Louis Ry. Co. pam. 


Co. pam. Great Northern Ry. Co. pam. 
Compagnie des Chemins Fer Great Northern Ry. Co. (Ireland). 
vol. pam. 
Compagnie des Chemins Fer Great Western Ry. Co. pam. 
vol. Halifax, 8.-City Engr. pam. 
Compagnie Chemin Fer Paris Highland Ry. Co. pam. 
Orléans. pam. Hull Barnsley Ry. Co. pam. 
Compagnie Chemin Fer Congo. Idaho-State Board Equalization. 
pam. pam. 


7 


Affairs. 


Exper. Station. bound 


vol. 

Illinois Central Co. pam. 

Illinois-State and Warehouse 
Comm. bound vol., map. 

Indiana-State Board Tax Commrs. 


vol. 

Institution Gas Engrs. bound 
Isle Wight Ry. Co. pam. 

Kgl. Technischen Hochschule Aachen. 


pam. 
Lafayette Coll. pam. 
Lake Erie Western Co. pam. 
Lake Shore Mich. Southern Ry. Co. 


pam. 
Lake Superior Corporation. pam. 
Lancashire Yorkshire Ry. Co. pam. 
Lehigh Univ. pam. 
Liverpool Overhead Ry. Co. pam. 
London Southwestern Ry. Co. pam. 
London, Brighton South Coast Ry. Co. 
pam. 
London, Tilbury Southend Ry. Co. 


pam. 

Long Island Co. pam. 

Louisville (Ky.) Water Co. vol. 

Madison, Wis.-Board Water Commrs. 
pam. 

Maine-State Commr. Highways. 
bound vol. 

Malden, Mass.-Water Registrar. pam. 


Survey. pam. 
Maryland-State Tax Commr. vol. 
Maryland, Delaware Virginia Ry. Co. 


pam. 

Maryport Carlisle Ry. Co. pam. 

Mass.-Met. Park Comm. bound vol. 

Medford, Mass.- Water and Sewer 
Commrs. pam. 

Merchants’ Assoc. New York. pam. 

Met. Dist. Ry. Co. pam. 

Mich. Central Co. pam. 

Mich. Technic. pam. 

Middletown, Y.-Board Water 
Commrs. pam 

Western Junction Ry. 


Co. pam. 

State and Warehouse 
Comm. bound vol. 

Missouri-State and Warehouse 
Dept. bound vol. 

Municipal Engrs. City New York. 


pam. 
National Co. Mexico. pam. 
Nautical Almanac Office. bound vol. 
New Jersey-State Board Health. 
bound vol. 
New London, Conn.-Board Water and 
Sewer Commrs. pam 
New Wales-Bureau Statistics. 


New City-Board Health. pam. 
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New York Central Hudson River 
Co. pam. 

New York, Chicago St. Louis Co. 

pam. 

New York City. Bureau Municipal Re- 
search. vol. 

New York City Record. bound vol. 

Newport, Ky.-Water-Works Commrs. 


pam. 

North Brit. Ry. Co. pam. 

North Eastern Ry. Co. pam. 

North London Ry. Co. pam. 

North Staffordshire Ry. Co. pam. 

Northampton, Mass.-Board Water 
Commrs. pam. 

Northampton, Mass.-Mayor. bound vol. 

Ontario Assoc. Archts. vol. 

Panama Co. pam. 

Pennsylvania Co. pam. 

Port Talbot Ry. Docks Co. pam. 


Rhymney Ry. Co. pam 
Va.-City 


Tsland Co. pam. 

Sanderson Porter. pam. 

San Francisco Assoc. Members the 
Am. Soc. Civ. Engrs. pam. 

Schantung-Eisenbahn Gesellschaft. 


pam. 

Shanghai Municipal vol. 

Smithsonian Inst. 

Société Générale des Fer 
Economiques. pam 

Mass.-Health Dept. pam. 

Soper, pam. 

Southern Ry. Co. pam 

Springfield, Trustees the 
Driveway and Park Dist. 


Mass.-Board Water Commrs. 


Swarthmore Coll. pam. 


Syracuse, Y.-Bureau Water. 
pam. 


Ry. Co. pam. 
Bureau Statistics. pam. 


vol. 


Forest Service. pam 
Geol. Survey. bound vol., vol., 


pam. 
Interstate Commerce Comm. 
bound vol., pam. 

Lake Survey Office. vol. 

Univ. Maine. vol 


West Jersey Seashore Co. 


pam. 

Wirral Ry. Co. pam. 

Woonsocket, I.-Water Dept. pam. 
Worcester, Mass.-City Engr. pam. 


PURCHASE. 


Der der Gegenwart. von Bark- 
hausen, Blum, von Borries, Courtin, Weiss. Zweiter Abschnitt Oberbau 


und Gleisverbindungen. Zweite Umgearbeitete Auflage. Wiesbaden, 
Kreidel, 1908. 
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Die Assanierung der Stadte Einzeldarstellungen. Herausgegeben 
Verein mit Hygienikern und Ingenieuren des In- und Auslandes von 
Dr. Med. Th. Weyl. Zweiter Band. Heft: Die Assanierung 
von Leipzig, Wilhelm Engelmann, 1907. 


International Railway Congress Association. Seventh Session, 
Washington: May, 1905. Proceedings. (English Edition). Volumes 
III. Brussels, Weissenbruch, 1906. 


Association des Ingenieurs Sortis Liege. Publications 
Géologie appliquées Liége, 1905. volumes. 


Charles Porter. Revised and Enlarged. New 
York, John Wiley Sons; London, Chapman Hall, Limited, 1908. 


Directory the Iron and Steel Works the United 
bracing Full List the Blast Furnaces, Rolling Mills, Steel Works, 
Bloomaries, and Tin and Terne Plate Works the United States; also 
Classified Lists Wire Rod Mills, Rail Mills, Structural Mills, Plate, 
Sheet, and Skelp Mills, and Bessemer, Open Hearth, Crucible, and Steel 
Casting Works. Compiled and Published the American Iron and 
Steel Association. Seventeenth Edition. Corrected March 1908. 
Philadelphia, The American Iron and Steel Association, 1908. 


High Steam-Pressures Locomotive Service. William 


Goss. Publication No. 66, Carnegie Institution Washington. 
negie Institution Washington, 1907. 


Handbook for the Care and Operation Naval Machinery. 
Lieut. Dinger. New York, Van Nostrand Company, 1908. 


SUMMARY ACCESSIONS. 
From April 7th May 11th, 1908. 


Donations (including duplicates) 
purchase 


Affairs. 
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MEMBERSHIP 
ADDITIONS 
(April 8th May 12th, 1908.) 
MEMBERS. Date 
Membership. 
AMBLER, JOHN City Engr. and Supt. Water- 


BELKNAP, JOHN MANSFIELD. 
New York City 
BISSELL, CLINTON Asst. Engr., Co., 
Room 664, Broad St. Station, Philadelphia, Pa.... 1908 
Civ. and Min. Engr., Clarksburg, 


CALDWELL, GEORGE Bowers. Engr., Westinghouse, Church, 
Kerr Co., Florence St., Yonkers, Y........ April 1908 
FERGUSON, JOHN Div. Engr., Charles 


Isthmian Canal Comm., Mar. 31, 1908 
Canal Zone, Panama 

GRAHAM. Supt. and Engr. Assoc. Oct. 1903 
for Maselli, Hudson, Ohio May 1908 
Hitt, Prof. Civ. Eng., Assoc. May 1892 
Brown Univ., Providence, Mar. 31, 1908 
Geological Survey, 2338 Carlton St., Mar. 31, 1908 
Berkeley, Cal 
VAN RENSSELAER. Res. Engr., New York 
State Engr.’s Dept., Box 511, Ft. Edward, 


Co., Trust Bldg., Greensburg, Pa.............. 1908 
SAMUEL 1301 Stephen Girard Bldg., 

SHANNAHAN, JOHN Vice-Pres. and Jun. 1898 

Gen. Mgr., Washington, Baltimore Assoc. Mar. 1901 

Annapolis Elec. Ry. Co., Baltimore, Md. 1908 

‘Ltd., Puerto Mexico, Mexico.......... Mar. 31, 1908 
SPAULDING, CHARLES Res. Engr., Hudson Dist., 
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MEMBERS (Continued). 
4943 Calumet Ave., Chicago, 
Soromon Chf. Engr., Mil- Jun. 
lard Constr. Co., East Market St. Sub- Assoc. 
way, 433 Market St., Philadelphia, Pa. 
Engr., Carnegie Steel Co., Gen. 
Sales Dept., 427 Carnegie Bldg., Pittsburg, Pa...... 


ASSOCIATE 


JAMES MANNING. Junior 
Engr., D., Fort Ward, via Port 


CHRISTIAN FREDERICK. Care, Dept. Sewer 
and Water-Works Constr., Manila, Philippine Islands. 
BARRATT, SYDNEY ALFRED. Supt. and Chf. Engr., Ponupo 
Manganese Co., Santiago Cuba, Cuba........... 
CLARKE, Junior Engr., Engr. Office, 
602 Burke Bldg., Seattle, Wash.................. 
CoLE, CLINTON LLEWELLYN. Asst. Engr., Connecticut River 
Bridge and Highway Dist. Comm., Room 52, 


CouLTER, WALDO SCARLETTE. 180 North Allen St., Albany, 
DAUGHERTY, MICHAEL. 500 West 112th St., New 
DEAN, Asst. Engr., Vielé, Blackwell Buck, 
HANSEN, Asst. Engr. State Board 
Health Ohio, 912 Harrison Bldg., 
Reinforced Concrete Engr., 313 Cit- 
izens National Bank Bldg., Los Angeles, Cal........ 


HASKELL, FRANK No. Nashville, Ga. 


HAVENS, VERNE Chf. Engr., Mex. 
Jun. 


Tramway Co., Mexico, (In- 


HILLMAN, Asst. Engr., Tex. Pac. Ry., 

773 Prospect Brooklyn, Y.. 
JAVIER Privada Alzate No. 13, Mexico, 

F., Mexico 


[Society 
Date 
Membership. 

April 1908 
1898 
1899 
1908 
April 1908 
Oct. 1902 
Mar. 1908 
Feb. 1908 
April 1908 
April 1908 
April 1908 
April 1908 
1905 
April 1908 
Oct 1907 
Jan. 1908 
1905 
April 1908 
April 1908 
April. 1908 
Oct 1907 


al 
Big 


ASSOCIATE MEMBERS (Continued). 
LOUWERSE, Asst. Engr., City Engr.’s Office, 
HERBERT GRANVILLE. Raphine, Va.......... 
WALTER 1602 Schiller Bldg., Chicago, 
PARKER, JOHN CASTLEREAGH. Mech. and 
Elec. Engr., Rochester Ry. Light Jun. 
Co., Rochester, Assoc. 
Contr. Engr., Minneapolis Steel 


Asst. Engr., Ry. Viaduct, Lethbridge, 


Rapid Transit Comm., 231 West 125th 

New York City Assoc. 
SEARLE, LEWEN Brown Station, Ulster Co., Y.. 
STANTON, Asst. Engr., Isthmian Canal 

Comm., Gorgona, Canal Zone, Panama............. 
STEVENS, JOHN 209 Tilford Bldg., Portland, Ore. 
CHARLES. Cor. Curtis and Beaufort St., Rich- 

VALLE, ZENO, Box 1037, Havana, 

CLARK. Asst. Engr., Dept. State 

Engr., New York State, 113 Coolidge Ave., Syracuse, 


ASSOCIATES. 


Lewis Asst. Prof. Civ. Eng., Mass. 
Inst. Tech., Washington Park, Newtonville, 


EARLE BERNARD. Mass. Inst. Tech., Boston, Mass. 
JUNIORS. 
JAMES Epwarp. 1316 Chamber Commerce, Chi- 


Carrick, Epwarp. Care, The Gen. Fireproofing 
Co., East 33d St., New York City.............. 
Eames, Horace Act. Dist. Engr., 


Albay, Albay Province, Philippine Islands......... 


MARSHALL 213 Masonic Temple, Peoria, 
Henry Martyn. Care, Am. Bridge Co., Am- 
bridge, 


215 
Date 
Membership. 
April 1908 
April 1908 
April 1908 
Dec. 1904 
Jan. 1908 
April 1908 
1901 
April 1908 
1908 
April 1908 
April 1908 
Mar. 1908 
April 1908 
April 1908 
April 1908 
Mar. 1908 
Mar. 31, 1908 
April 30, 1907 
Jan. 1908 
Mar. 31, 1908 
1908 
Mar. 31, 1908 
Feb. 1908 


7 
q 
q 
7 
4 
ere 
] 
7 
7 
) 
7 
8 7 
q 


216 MEMBERSHIP—-CHANGES ADDRESS [Society 


(Continued). Date 
Membership. 
KENNEDY, THOMAS BERCHMANS. 138 Washington 
FRANCIS WILLIAM. Wall St., New 


Leon. West 65th St., New York City.. Jan. 1903 
SWEETLAND. 525 East 15th St., Brooklyn, Mar. 31, 1908 
LINCOLN. 2623 Grand Ave., Milwaukee, 

SELMER, LEE. 211 Sterling Pl., Brooklyn, Mar. 31, 1908 
SToNE, JAMES HAMMOND. Care, Spanish-American 


Co., Daiquiri, Santiago Cuba, Cuba............. Mar. 31, 1908 
WEAVER, EARLL CHASE. Care, West. Pac. Ry., Quincy, 


CHANGES ADDRESS. 


AERTSEN, GUILLIAEM. Latrobe Plant, Railway Steel-Spring Co., 
St., New York City. 

ALDERMAN, CHARLES Care, Buffalo Lake Erie Traction Co., 535 
Brisbane Bldg., Buffalo, 

Cyrus Engr., Reclamation Service, Malta, Mont. 

BAKENHUS, REUBEN Epwin. Civ. Engr., N., Bureau Yards 
Docks, Navy Dept., Washington, 

BIENENFELD, BERNARD. Cons. Engr., 616 Kohl Bldg., San Francisco, Cal. 

ALBERT Pres., Blodgett Constr. Co., 1013 Com- 
merce Bldg., Kansas City, Mo. 

Cons. Engr., 115 Broadway, New York City. 

Chf. Timber Insp., Ill. Cent. R., 205 
Rogers Bldg., Memphis, Tenn. 

WILLIAM Bethany Beach, Co., Del. 

BURBANK, GEORGE BARKER. Wall St., New York City. 

Div. Engr., Public Service Comm. for the First 
Dist., 154 Nassau St., Room 1905, New York City. 

Cox, Martin. Civ. Engr., N., Navy Yard, Brooklyn, 

316 Fourth Ave., Pittsburg, Pa. 

JoHN (Jacobs Davies, Cons. Engrs.), Chureh 
New York City. 

Davis, Asst. Pres., Am. Bridge Co. Y., Hudson 
Terminal, Chureh St., New 

DocKWEILER, JOHN Henry. Cons. Engr., 418 Grant Bldg., San Francisco, 
Cal. 

Emerson, Guy CARLETON. Supt. Streets, City Hall, Boston, Mass. 

ENGLE, Engr., Carpenter Boxley, Johnson City, Tenn. 
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MEMBERS 

Cons, Engr., 190 Montague St., Brooklyn, 

GARRISON, Engr., First St., Newburgh, 

Harris, VAN ALEN, Box 984, San Juan, Porto Rico, 

Asst. Chf. Dept. Greater Water Sup- 
ply, Peoples Water Co., 2728 Garber St., Berkeley, Cal, 

Hazen, (Hazen Whipple, Cons. Engrs.), 103 Park Ave., New 
City. 

Hever, Henry. Col., Corps Engrs., A., 918 Pacifie Bldg., 
San Franciseo, 

Grangeville, Idaho Co., Idaho. 

Secy. and Treas., General Contr. Eng. Co., 
Church St., New York City (Res., 669 Bayonne, J.). 

Hovey, Asst. Chf. Engr., Am. Bridge Co, Y., Hudson 
Terminal, St., New York City, 

ALEXANDER CROMBIE. Pres., Buffalo Gas Co.; Pres., Stevens 
Tech.; (Humphreys Glasgow), 165 Broadway, New York 
City. 

CHARLES MATTATHIAS. St., New York City. 

JANES, Care, New Market Zine Co., New Market, Tenn, 

McCoy, SAMUEL ALEXANDER. With Grant Smith Co. (Contrs.), Trout 
Creek, Mont. 

MALTBY, FRANK Chf. Engr., Dodge Day, 608 Chestnut St., Phil- 
adelphia, Pa. 

FRANK Civ. Engr., 


JAMES Harry. With D., Hoboken, J.; Address, 
Ninth Ave., Newark, 


ARTHUR Robins Conveying Belt Co., Passaic, 


REED, MELVILLE EMERSON. Minn, 

SHELBY SAUFLEY. Chicago, 

Bent. Chf. Engr., -Louisville Water Co., 549 Third St., 
Louisville, Ky. 

ScHAEFFER, Div. Engr., Public Service Comm. for the First Dist., 
154 Nassau St., New York City. 

SEAMAN, Henry Bowman. Chf. Engr., Public Service Comm., Ist Dist., 154 
Nassau St., New York City. 


Prin. Asst. Engr., Hudson Companies, 
St., New York City. 


Cons. Engr., 748 First National Bank Bldg., Chicago, 
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MEMBERS 

adelphia, Pa. 

WILLIAM Civ. Engr. and Surv., 314 Court Exchange Bldg., 
Bridgeport, 

Lee. Chf. Engr., Erie R., Church New York 
City. 

KENNARD. Cons. Engr., Church St., New York City. 

Van ALSTYNE, 149 Echo Ave., New 

Res. Engr., Am. Bridge Co., Church St., 
New York City. 

JOHN Electric Properties Co., 
165 Broadway, New York City. 

R., Ingalls Bldg., Cincinnati, Ohio 

WILLIAM JOHN. 165 Broadway, New York City. 

WILLIAMSON, FRANK 7211 Harvard Ave., Chicago, 

Epwarp 1003 Manhattan Bldg., Chicago, 

YEATMAN, Cons. Engr., Sons, 165 Broadway, New 
York City. 

Morris ALEXANDER. Cons. and Civ. Engr., Hudson Terminal, New 
Fulton New York City. 


ASSOCIATE MEMBERS. 


ALEXANDER, LEE. Res. Engr., Northern Ry., Frenchtown, 
Mont. 

ALTSTAETTER, FREDERICK WILLIAM. Capt., Corps Engrs., Engr. 
Office, Wheeling, Va. 

Mgr., Excelsior Wooden Pipe Co., 453 Bryant St., San 
Francisco, Cal. 

Barton, Lewis. McHarg-Barton Co., Contrs., 165 
Broadway, New York City. 

JoHN YANCEY. Heber, Ark. 

BENNETT, CHARLES Chf. Engr., Westside Elec. St. Ry. Co. and 
St. Ry. Co., 101 Phillips Ave., Mt. Oliver Station, 
Pittsburg, Pa. 

171 Twenty-first St., Milwaukee, Wis. 

BRIGHT, CHARLES Engr. Corps, Riverton, Ala. 

Con Morrison. The Oskaloosa Elec. Light Co., Oskaloosa, 
Kans. 

Prin. Asst. Engr., Erie Co., Church 
St., New York City (Res., Fairfield St., J.). 


Henry, Care. Ferro Carril del Peru, Lima, 
Peru. 
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ASSOCIATE MEMBERS (Continued). 


Engr., Reclamation Service, 317 East Jeffer- 
son St., Boise, Idaho. 
Lee. Supt., Supply and Constr. Dept., Cal. Fruit Canners 
Assoc., 120 Market St., San Francisco, Cal. 
EARLE 207 Locust St., Johnson City, Tenn. 
CAMERON, JOHN General Delivery, Poplar Bluff, Mo. 
STEPHEN PRENTIS. Clinton Ave., North, Rochester, 
CoTHRAN, THOMAS WHITE. Greenwood, 
MAURICE CHARLES. 623 Wells Fargo Bldg., San Francisco, Cal. 
Care, Barge Canal Office, Little Falls, 
DeForest Gen. Supt., Turner Constr. Co., Broadway, 
New York City (Res., Pierrepont St., Brooklyn, 
Downes, ALFRED KIMBALL. East 28th St., New York City. 
DROWNE, HENRY BERNARDIN. Box East Side Station, Providence, 
Estes, FRANKLIN Box 202, Manzanillo, Cuba. 
Myron SAMUEL. Church St. (Res., West 53d St.), New York 
City. 
Calle No. Vedado, Havana, Cuba. 
With Hazen Whipple, 103 Park Ave., New 
York City. 
GETMAN, LAwTon. Deputy State Engr. and Surv., State Hall (Res., 
226 Jay St.), Albany, 
GOODELL, JOHN STANTON. Prin. Asst. Engr., Yueh-Han Ry. Co., Ltd., Wong 
Sha, Canton, China. 
Asst. Engr., W., Frisco Lines, 938 Frisco 
Bldg., St. Louis, Mo. 
Lee. Asst. Engr., Mo. Pac. Ry., 1265 Hamilton Ave., St. Louis, 
Mo. 
Chf. Engr., Morey Faulhaber, Kennedy 
Bldg., Ft. Smith, Ark. 
IMMEDIATO, GERARDO. Engr. and Industria No. 102, Mexico, 
F., Mexico. 
JENKINS, JAMES Care, Thomas Crimmins Contr. Co., Knowlesville, 
SAMUEL. Des Jardins, Quebec, Que., Canada. 
JOHNSTON, JuLIUS GERARDUS. 514 Division St., Lake Charles, La. 
JONES, LLEWELLYN. Res. Engr., Steel Products Export Co., 
Church St., New York City. 
LANNAN, Asst. Engr., Erie R., 618 Shaw Ave., McKees- 
port, Pa. 
1720 Railway Exchange Bldg., Chicago, 
Minniss, 702 Ellicott Sq., Buffalo, 
Howarp Commrs. Sewerage, 602 Equitable Bldg. Louis- 
ville, Ky. 
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ASSOCIATE MEMBERS (Continued). 

NIAL, WILLIAM AUGUSTINE. West 126th St., New York City. 

CLARENCE Long Acre Hotel, 47th St., New York City. 

Noyes, Harry Wall New York City. 

GEORGE Asst. Engr. Chg., Contract No. 18, State 
Barge Canal, Little Falls, 

PARKER, WILLIAM Chf. Engr., Blodgett Constr. Co., 1013 Com- 
merce Bldg., Kansas City, Mo, 

HENRY GARFIELD. Dist. Mgr., The Gen, Fireproofing Co., 794 
Drexel Bldg. (Res., 5421 Vine St.), Philadelphia, Pa. 

CHARLES ANDREW. Care, John Bogart, 115 Broadway, New York 
City. 

PRENTICE, WILLIAM Jr. Engr., Mo., Okla. Gulf Ry., Mus- 
kogee, Okla. 

PRITCHETT, CHARLES MARCELLUS. Care, Bureau. Public Works, Manila, 
Philippine Islands. 

RASTER, WALTHER. 4142 Perry St., Chicago, 

RICHARDSON, JAMES Care, Am. Bridge Co., Church St., New 
York City. 

GEORGE FREEMAN. Guild, Marion Co., Tenn. 

Engr., Am. Bridge Co., Church St., 
New York City. 

ANTON. Supt., Pierce Phosphate Co., Lakeland, Fla. 

ScHWARZE, THEODORE. Instr., Civ. Eng. Dept., Cooper Inst., 111 Sher- 
man South Orange, 

GARNETT. Supt. and Engr.; White Co., Inc., Hatfield, 
Wis. 

SHELLENBERGER, Asst. Engr. for Grand Central Station 
Archts., West 45th St., Bayonne, 

SHERTZER, BRADBURY. Preston St., Baltimore, Md. 

CHARLES VERNON. Chf. Draftsman, Hudson Companies, 
St., New York City. 

ANTES. Engr., New York Tunnel Co., East 33d St., 
New York City. 

STEPHENSON, JR. Maple Ave., New Rochelle, 

THURSTON, EUGENE JR. (Couchot Thurston, Designing and Const. 
Engrs.), 623 Wells Fargo Bldg., San Francisco, Cal. 

Trow, HAMANT. Brown Station, 

UNDERHILL, GRANDISON GRIDLEY. Lancaster St., Albany, 

JOHANNES Engr., Haiho River Conservancy. 
Tientsin, North China. 

SAMUEL Payson. Care, Am. Bridge Co., Chureh St., New 
York City. 

WARREN, HERBERT Contr. Mgr., Am. Bridge Co. Y., Church 
New York City. 

GEORGE CHANDLER. Cons. Engr., 103 Park Ave., New York City. 
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Asst., Estimating Dept., Am. Bridge Co., 
St., New York City. 

NATHAN Davis. Engr., Concrete Pipe 716 Cen- 
tral Bldg., Los Angeles, Cal. 

THOMAS BRYAN, JR. Engr. Design, Hudson Companies, 
Chureh St., New York City. 

WILLIAMS, SAMUEL WALTER. 330 South St., Ridgway, Pa. 

Loren. Asst. Engr., Sewer Div., Rapid Transit Comm., 1532 
Bedford Ave., Brooklyn, 


ASSOCIATES. 


COPELAND, WILLIAM 506 American Savings Bank Bldg., Columbus, 
Ohio. 

JoHN. Engr., The United States Fidelity Guaranty Co. 
Baltimore, 126 No. Ashland St., Buffalo, 

MERIWETHER, COLEMAN. Pres. and Gen. Mgr., Lock Joint Pipe Co., 165 
Broadway, New York City. 


APPLE, CHARLES (Seymour Apple), 505 First National Bank Bldg., 
Birmingham, Ala. 
ALFRED EUGENE, JR. 854 Lafayette Ave., Brooklyn, 
3ECKER, Conrap. Asst. Engr., Board Water Supply, 
Care, Dept., Brown Station, 
NELSON. 2223 Chapel St., Berkeley, 
609 North Euclid Ave., Pittsburg, Pa. 
Crow, Epwarp. Dept., City Council Chambers, Auckland, New 
Zealand. 
FLEMING, JR. Asst. Engr., Penn. Dept. Health, 102 State St., 
Harrisburg, Pa. 
JAMES AUGUSTINE. Care, Dept. State Engr. and Surv., 
Mechaniesville, 
HERBERT WILLARD. Engr. and Contr. (Cessna Goddard), 178 
Devonshire St., Boston, Mass. 
THOMAS MACLENATHEN. and Engr. (Goodrich Good- 
rich), Fenton Bldg., Portland, Ore. 
HAWLEY, CHARLES Ray. 539 Main St., Buffalo, 
TRUMAN. Reclamation Service Camp, Newlon, 
Mont. 
LANAGAN, Ray. Asst. Engr., Dept. Works, Auburn, 
Engr. Office, Los Angeles, Cal. 
CROMWELL. Care, Ga. Coast Piedmont R., Darien, 
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JUNIORS (Continued). 


WALTER Office Engr., W., Third Ave. Co., 
66th St. and Third Ave. (Res., 126 West 128th St.), New York City. 

OMER Instrumentman, R., Miraflores, Canal Zone, 
Panama. 

Asst. Engr., Barge Canal Office, Medina, 

Perers, JoHN Marvin. Asst. Engr. Corps, 712 Ivy St., 
Pittsburg, Pa. 

PHILLIPS, WILLIAM 1603 Gardner Ave., Spokane, Wash. 

WALTER JOHN. Res. Engr., Gen. Ry. Signal Co., 708 Night 
Day Bank Bldg., New York City. 

Metvin 1448 Harvard St., Washington, 

Stsson, ArTHUR. Engr. Office, Corregidor Island, Manila 
Bay, Philippine Islands. 

THoMAS WILLIAM Rostap. Asst. Engr., Madeira-Mamoré Ry., 
Santa Antonio, Brazil. 

TINKHAM, Care, Light House Engr., 212 Old Federal Bldg., 
Detroit, Mich. 

VAN SUETENDAEL, ACHILLE Civ. Engr with War Dept., Greene- 
ville, Tenn. 

ANTRIM. 5748 Monroe Ave., Chicago, 

JOHN 203 North 10th St., Mt. Vernon, IIl. 

Chemist Chg., Albany Filtration Works, 

Care, Kappa 304 West 58th St., 
New York City. 

Yro, WILLIAM ALBERT. Care, Hudson Companies, Church St., New York 
City. 


DEATHS. 


Berc, WALTER GILMAN. Elected Member, February 5th, 1896; died May 
12th, 1908. 

Bouton, NATHANIEL Elected Fellow, December 30th, 1872; died April 
3d, 1908. 

HARPER, JOHN Elected Member, October 4th, 1905; died March 
24th, 1908. 

Elected Member, December 7th, 1852; died January 
26th, 1908. 

SCHERMERHORN, Elected Member, May 5th, 1897; died 
April 3d, 1908. 

Epwarp Elected Member, February 6th, 1895; died April 
6th, 1908. 

WARMAN, FREDERICK Elected Associate Member, January 34, 
1900; Member, May 3d, 1904; died April 27th, 1908. 
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MONTHLY LIST RECENT ENGINEERING ARTICLES 
INTEREST. 


(April 7th May 11th, 1908) 


Nore.—This list published for the purpose placing before the 
members the Society, the titles current engineering articles, 
which can referred any available engineering library, can 


procured addressing the publication directly, the address and price 
being given wherever possible. 


(2) 


(3) 
(4) 
(5) 
(6) 


(7) 
(8) 
(9) 
(10) 
(11) 
(12) 


(13) 
(14) 
(15) 
(16) 
(17) 
(18) 


LIST PUBLICATIONS. 


the subjoined list articles, references are given the number 
each journal this list: 


Journal, Assoc. Eng. Soc., 
Milk St., Boston, Mass., 30c. 

Proceedings, Club 
Phila., 1122 Girard St., Phila- 
delphia, Pa. 

Journal, Franklin Inst., Philadel- 
phia, 50c. 

Journal, Western Soc. Engrs., 
Monadnock Chicago, 

Transactions, Can. Soc. 


Montreal, Que., Canada. 
School Mines Quarterly, Co- 
Univ., New York City, 

Technology Quarterly, Mass. Inst. 
Tech., Boston, Mass., 75c. 
Stevens Institute Indicator, Stevens 

Inst., Hoboken, J., 50c. 


Engineering Magazine, New York 
City, 

Magazine, New York City, 

Engineering (London), 
Wiley, New York City, 25c. 

The Engineer 
national News Co., New York 
City, 35c. 


News, New York City, 


Record, New York 
Gazette, New York City, 
and Mining Journal, 
New York City, 15c. 


Street Railway Journal, New 


City, 10c. 

Railway and Review, 
Chicago, 10c. 
Scientific American 

New York City, 10c. 
Iron Age, New York City, 10c. 
Railway Engineer, London, Eng- 

Iron and Coal Trades Review, Lon- 
don, England, 25c. 
Bulletin, American Iron and Steel 

Assoc., Philadelphia, Pa. 
American Gas Light Journal, New 

York City, 10c. 


Engineer, New 
City, 20c. 
Review, London, Eng- 
and. 
World, New York City, 


(28) 
(29) 
(30) 
(31) 
(32) 
(33) 
(34) 
(35) 
(37) 
(38) 
(40) 
(41) 
(42) 
(43) 
(44) 


(45) 
(46) 
(47) 
(48) 
(49) 
(50) 
(51) 
(52) 
(53) 


(54) 
(55) 
(56) 


Journal, New 
Works Assoc., Boston, Mass., $1. 

Journal, Society Arts, London, 
England, 15c. 

Annales des Travaux Publics 
Belgique, Brussels, Belgium. 

Annales VAssoc. des Ing. Sortis 
des Ecoles Spéciales Gand, 
Brussels, Belgium. 

Mémoires Compte Rendu des 
Travaux, Soc. Ing. Civ. 
France, Paris, France. 

Génie Civil, Paris, France. 

Portefeuille Economiques des Ma- 
chines, Paris, France. 

Nouvelles Annales Construc- 
tion, Paris, France. 

Revue Mécanique, Paris, France. 

Revue Générale des Chemins 
Fer des Tramways, Paris, 
France. 

Railway Age, Chicago, 10c. 

Machinery, Chicago, 

Proceedings, Am. Inst. Elec. 
Engrs., New York City, 50c. 

Annales des Ponts Chaussées, 
Paris, France. 

Journal, Military Service Institu- 
tion, Governor’s Island, New 
York Harbor, 50c. 

and Minerals, Scranton, Pa., 

American, New York City, 


Mechanical Engineer, 
England. 

Zeitschrift, Verein Deutscher In- 
genieure, Berlin, Germany. 

Zeitschrift fiir Berlin, 
Germany. 

Stahl und Eisen, Diisseldorf, Ger- 
many. 

Bauzeitung, Berlin, Ger- 
many. 

Industrie-Zeitung, Riga, 
Russia. 

Zeitschrift, 
genieur und Architekten Verein, 
Vienna, Austria. 

Transactions, Am. Soc. E., New 
York City, 

Transactions, Am. Soc. E., New 
York City, $10. 

Transactions, Am. 

Engrs., New York 


Manchester, 


Min. 
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(57) Guardian, London, Eng- (76) Brick, Chicago, 


and. 
(58) Proceedings, Eng. Soc. Pa., 803 


Fulton Pittsburg, Pa., 50c. (78) Beton und Eisen, Vienna, Austria. 


59) Tra 
upon-Tyne, England. (80) Tonindustrie Zeitung, Berlin, Ger- 


apolis, Ind., 25c. (81) Zeitschrift fiir Architektur und In- 


(61) Proceedings, Western Railway genieurwesen, Wiesbaden, Ger- 
Club, 225 Dearborn St., Chicago, many. 
Ill., (82) Polytechnisches Journal, 
(62). Industrial World, Ninth St., Berlin, Germany. 
Pittsburg, Pa. (83) Progressive Age, New York City, 
(63) Minutes Proceedings, Inst. E., 
London, England. (84) Ciment, Paris, France. 
(64) Power, New York City, 20c. (85) Proceedings, Am. Ry. Eng. and 
(65) Official Proceedings, New Assoc., Chicago, 
Club, Brooklyn, Y., Chicago, 
Ih. 


(66) Lighting, London, Roadmaster and Foreman, Chicago, 


Journal, London, England. Assoc., Brussels, Bel- 

(89) Proceedings, Am. Soc. for Testing 
Journal, Iron and Steel Inst., Lon- Materials, Philadelphia, Pa. 

don, England. (90) Transactions, Inst. Naval 
(72) Electric Review, Chicago, Archts., London, England. 

(91) Transactions, Soc. Naval Archts. 
(73) Electrician, London, England, 18c. and Marine Engrs., New York 
(74) Transactions, Inst. Min. and City. 

Metal., London, England. (92) Bulletin, Encouragement 
(75) Proceedings, Inst. Mech. Engrs., pour Nationale, Paris, 


London, England. France. 


LIST ARTICLES. 
Bridge. 


New Ferro-Concrete Bridge.* (12) Apr. 

The Wreck the Quebec Bridge and the Stresses the Bridge.* (Appendices the 
Report the Quebec Bridge Comm.) (13) Apr. (13) Apr. 16; (14) Apr. 
18; (13) Apr. 23; (14) Apr. 25; (13) Apr. 30; (11) May. 

Terminal New York for Brooklyn Surface and Lines. 

pr. 11. 
The the Manhattan Bridge over the East River New York City.* (13) 
pr. 16. 

Flooring vs. Stringers.* Louis Ross. (13) 

Pontoon Floating Drawbridges.* (13) Apr. 30. 

Working Method for Masonry Design.* William Lyle. (14) May 

Cutting Subway through Masonry Bridge Piers.* (14) May 

Raritan River Bridge; New York Long Branch Railroad.* (15) May 

Bascule Bridge the Rall Type Peoria, (14) May 

Pont Pierre Taille Articulés Clef aux Naissances avec Joints 
Coulés Tavernier. (43) Pt. 1907. 

Note sur Pont Pyrimont.* Schoendoerffer. (43) Pt. 1907. 

Pont Québec sur Saint-Laurent (Canada).* Dupont. 

pr. 

Aufstellung der Eisenbahn-Briicke den Kyrénsalmi-Sund bei Nyslott Finn- 
land.* Meyer. (51) Serial beginning March 25. 

Bericht die Wiederherstellung eines Eingegangenen Briickenwiderlagers 
Eisenbetonkonstruktion.*. Stross. (78) Serial beginning April. 

Die Ursachen des der Briicke den St. Quebec 
(Kanada).* (51) April 15. 

Druckversuche Ausgefiihrten Briickenteilen. Ad. Seydel. (50) April 22. 


Electrical. 

Wireless Telegraph and Telephone. Thomas Clark. (Paper read before the 
Detroit Eng. Soc.) (1) Mar. 

The Development Turbo-Generators.* Robert Pohl. (77) Apr. 

Cost Electrical Power for Industrial Purposes.* John Snell. (77) Apr. 

Magnetic Oscillations Alternators.* Worrall. (77) Apr. 

The Commercial Aspect Electric Power Supply.* Woodhouse. (77) Apr. 


| 
q 
224 
7 
4 
q 
q 
q 


—— 


Affairs. CURRENT ENGINEERING LITERATURE 


Electrical (Continued). 
Electric Power Iron and Steel Mills.* Edgar-Reed. (58) Apr. 
Continuous-Current Switch Gear Hull.* (73) Serial beginning 
pr. 
Frequency Transformers.* Heyland. (Abstract from Kraftbetriebe 
und Bahnen.) (73) Apr. 10. 
Generating and Distributing System the Portland (Ore.) Railway, Light Power 
Company.* (27) Serial beginning Apr. 11. 
The Relation between Iron and Copper Transformers.* Kawara. (27) Apr. 11. 
Power Factor Meter and Synchroscope.* Dennington. 
The Development the Petrol-Electric and their Application Heavy 
Road Vehicles. Frost-Smith and Stevens. (Abstract paper read 
before the Soc. Road Traction Apr. 17. 
The Manufacture and Testing High-Tension Cables.* .C. Feldman and Herzog. 
(Abstract from Z.) (26) Apr. 17. 
Design Electromagnetic Brakes.* Nikonow. (27) Apr. 18. 
Compensation Pressure Variations Alternate-Current Networks Supplying 
Motors.* (73) Apr. 24. 
The Testing Laboratory the Porcelain Works. 
liam Weicker. (73) Apr. 24. 
The Magnetite Arc.* Dyott. (27) Apr. 25. 
for the Iron and Brass Foundry.* John Kershaw. (27) 
pr. 25. 
Comparative Tests Lightning Protection Devices the Taylors Falls Transmis- 
sion System.* Vaughan. (42) May. 
Studies Lightning Performance, Season 1907.* Neall. (42) May. 
Modern Development Single-Phase Generators.* Waters. (42) May. 
Three-Phase Power-Factor.* Austin Burt. (42) May. 
Application Fractional Pitch Windings -Current Generators.* Jens 
Bache-Wiig. (42) May. 
Tests with Arcing Grounds and Connections.* Ernst Berg. (42) May. 
Study Multi-Office Automatic Switchboard Telephone Systems.* Lee Camp- 
bell. (42) May. 
The Measurement Rotary Speeds Dynamo Machines the Stroboscopic Fork.* 
Kennelly and Whiting. (42) May. 
The Single-Phase Commutator-Type Motor.* Lamme. (42) May. 
Direct-Current Generators for Light, Power and Tramway Service.* (73) May 
Distribution Niagara Energy Auburn.* (27) May 
Generating and Distributing Systems the United Electric Company 
Baltimore.* (27) May (17) May 
Oxy-Hydrogen Welding.* Frank Koester. (27) May 
Changements Vitesse Electriques sur les Automobiles Essence.* 
(33) Apr. 11. 


Marine. 


Appliances for Manipulating Lifeboats Sea-Going Vessels.* Axel Welin. (3) Apr 


Dr. Schlick’s Gyroscopic Apparatus for Preventing Ships from Rolling.* Wurl. 
(29) Apr. 


Model Propeller Experiments. (12) Apr. 

The Electrical Equipment the Mauretania.* (26) Serial beginning 
The Lifeboats the United Kingdom. Apr. 17. 

Regarding Armor and its Attack.* Van Brussel. (19) May 


Mechanical. 


Curves for Steam and Internal Combustion Engine.* Pfeffer. (41) 

ar. 

Gases: Tables and Constants. George Stone. (6) Apr. 

Novel Aerial Tramway System.* (76) Apr. 

Making Front Brick without Repressing.* Stull. (Paper read before the 
Clay Workers’ Assoc.) (76) Apr. 

Piston Speed and Steam-Engine Economy.* Weighton. 
the North-East Coast Inst. Engrs. and Shipbuilders.) (47) Apr. 

and Motor-Boats Olympia.* (11) beginning Apr. 

pr. 

Valve Setting for the Greene-Wheelock Engine.* Collins. (64) 

The Approximate Cost Gas Power.* Cleghorn. (64) Apr. 

The High-Pressure Hydraulic Elevator.* William Baxter, Jr. (64) Apr. 

Test Mietz Weiss Oil Engine Air Compressor.* (20) Apr. 

The Removal Flue Gases from Gas Fires.* Junkers. (Abstract from Journal 
fiir Gasbeleuchtung.) (66) Apr. 


New Gas-Works Arnside.* Thomas Redman. (66) Serial beginning Apr. 14. 


(Paper read before 


Apr. 
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Mechanical (Continued). 


Steam Shovel and the Cost Excavating Cellar with it.* 
pr. 

Formulas for the Design Cableways.* Edward Durham. (13) Apr. 16. 

The Resistance the Air and Mr. Experiments.* (12) Apr. 17. 

High-Pressure Gas Distribution Newport, Mon.* Thomas Canning, Assoc. 
Inst. (66) Apr. 21. 

000 Horse-Power Blooming-Mill Engine.* James Tribe. (64) Apr. 21. 

Ammonia Recovery Connection with Producer Gas. Rowan. (Paper read 
before the West Scotland Iron and Steel Inst.) (22) Apr. 24. 

Gas-Firing Steam Boilers.* (12) Apr. 24. 


Fuel Specifications and Contracts. William Ennis. (14) Apr. 25. 
Isolated Station Records and Cost Accounting.* Gebhardt. (64) Apr. 28. 


Gas Engines Carnegie Steel Plant.* Cecil Poole. (64) Apr. 28. 
Cost Diamond Drilling Mexico. Bennett. (Abstract from Mine and 
Quarry.) (86) Apr. 29. 


Refractories used the Construction Coke Ovens. May. 

Transition Coke Making.* William Affelder. 

The Efficiency Steam Turbines. Lart. (10) May. 

The Six-Cylinder Automobile.* Towle. (10) May. 

Power Transmission Chain.* Edward Flax. (10) May. 

The Cost Power Small Units. Wm. Snow. (9) May. 

The New Museum Safety Devices Paris.* Jacques Boyer. (9) May. 

Indicators and Indicator Diagrams.* Tookey. (Abstract paper read before 
the Assoc. Engrs. Charge.) (47) Serial May 

Commercial Motor Vehicles.* (11) Serial beginning May 

pr. 

The Vertical Flued By-Product Coke Oven.* (22) May 

Automatic Damper Regulators.* W.H. Wakeman. (27) May 

The 000-KW. Gas-Electric Set for the Bessemer Works the United States Stee! 
Corporation.* (17) May (14) May (20) Apr. 30. 

Engine Knocks; their Causes and Remedies.* Collins. (64) 


Engine Air Compressor: Features Design and Results 
(13) 


The Effect Coal Water and Fine Crushing.* Chapman and Edwin Barn- 
hart. (20) May 


Recherches Expérimentales sur Résistance Exécutées Tour 

Eiffel. (32) Feb. 

Les Turbines Vapeur. (37) Serial beginning Mar. 31. 

Graisseur Mécaniaue, Pompes Réglables Débit (34) Apr. 

L’Etat Actuel l’Aviation.* Espitallier. (33) Serial beginning Apr. 

Régles Allemagne pour des Métaux par Choc sur Barreaux 
Entaillés.* Hofer. (33) ‘Apr. 18. 

Die Rotierende Kurbelschleife und die Schleppkurbel als Antrieb fiir Propeller- 
rinnen.* Paul Brandt. (82) Serial beginning Mar. 


Versuche den Warme- und Spannungsverlust bei der Fortleitung 
und Uberhitzten Wasserdampfes.* 


Chr. Eberle. (48) Serial beginning 
Mar. 28. 
Die Giessereianlagen der Gasmotoren-Fabrik Deutz.* Neufang. Serial 
beginning April 


Das Anlassen der Verbrennungskraftmaschinen.* Meyer. (48) April 11. 
Wichtige Gesichtspunkte fiir den Bau und von Gaserzeuger- Anlagen bei 
Martinwerken. Canaris. (50) April 15. 
Uber den Wirkungsgrad von Riementrieben.* Karl Kobes. 


(53) April 17. 
Kraftbedarf von Umkerwalzwerken mit Dampf- 


und Elektrischem 
Ortmann. (50) April 22. 
Herstellung Dichter Giisse durch Desoxydierende Zuschlige. Th. Geilenkirchen. 
(50) Apr. 22. 
Metallurgical. 


Electro-Cyanide Processes. (16) Apr. 11. 

The Cananea Blast Furnace.* Charles Shelby. (16) Apr. 25. 

Three-Thousand-Ton Concentrator the Boston Consolidated Mining Company, 
Garfield, Utah.* Robert Brinsmade and Herrick. (45) May. 

Machine for Casting Converter Copper.* Klepinger. (16) 


ay 

The Determination Sulphur Pig Iron and Steel the Hydrogen Jet Method.* 
Randolph Bolling, Am. Chem. Soc. May 

The Great Cobar Smelting Works.* (16) May 

Montana-Tonopah Stamp and Cyanide Mill.* May 

Concentrating Mixed Ores Rosas. Sardinia.* Umberto May 


Ueber den der das Eisen Begleitenden Fremden Metalle auf die 
tion nach Reinhardt. Kinder. 


(Report the Chemical Commission -the 
Verein Deutscher (50) April 
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Mining. 


Diamond Bore Preston-Links Colliery.* 


Richard Kirkby. (59) 
The Cages for Modern Collieries.* 


Barnes. (22) Serial beginning 


Coal Washing, and Briquette-Making Plant the Alstaden Collieries, 

Iron Mining Cuba.* (20) Apr. 

Rescue Work Opening New Station Lancashire.* (57) Apr. 10. 

Diving: with Special Reference Mines.* Haldane. (Paper read before the 
North Staffordshire Inst. Min. and Mech. Engrs.) (22) Apr. 

The Shaft Accidents Foggs 


Barrow and Rawdon Collieries.* Red- 
mayne. (Abstract report the Home Office.) 


(22) Apr. 10; (57) Apr. 10. 
Emergency Pumping Plant Cannock Chase Colliery. Sopwith. (Paper 
the South Staffordshire and Warwickshire Inst. Min. Engrs.) 


(22) 
The Cost Mining; General Conditions. James Ralph Finlay. 


(16) Apr. 18. 
Substitute for the Shovel Coal Mines.* Hamilton. (16) 


The Method Sinking Shaft the Joplin District with Power Drills. 


Otto Ruhl. 
(Abstract from Mining Science.) (86) Apr. 22. 
Cost Lake Superior and Montana Copper. James Ralph Finlay. (16) Apr. 25. 
Dust made Mining Coal.* Scott. (45) May. 


Electric Mine Haulage Signals.* Paul Cassidy. (45) May. 

the Homestake Mine, Lead, South Dakota.* Mark 
ay. 

Over-Balance Weight for Single-Drum Hoist.* Worcester. (16) May 

Mining Coal with the Panel System.* Audley Stow. (16) May 

Rescue Apparatus Coal Mines.* Walter Mingramm. (16) May 

Short Talks Mining Law. Ricketts 


(16) Serial beginning May 
Les Récents Développements des Dragages Auriféres dans Monde Particuliére- 


ment dans les Guyanes.* Delvaux. (32) Feb. 


Holz und Eisen als Ausbaumaterial Strecken- und Abbaubetrieben.* Heinrich 
Steffen. (50) Serial beginning April 


Miscellaneous. 


The Necessity for Corporation Forestry.* 


Sterling. (2) Jan. 
The Franklin its Services and Deserts.* 


Frazer. (3) Apr. 
Methods Grubbing Stumps and Trees with Machines.* (86) Apr. 
The Small Angles and Minute Lengths.* John Rhodin. (12) 
Apr. 


The Use and Abuse Cost Data. Patch, Am. Soc. (13) Apr. 30. 
Crise l’Apprentissage. Paul Besson. Feb. 
Municipal. 


Experiments with Dust Preventives Road Wayland, Mass. (Abstract Cir- 
cular, Office Public Roads.) (14) May 


Cost Data Experimental New York State Highways together with Re- 
sults Obtained. (86) May 


The Re-Grading Seattle, (14) beginning May 


Railroad. 


Heat Treatment Steel Rails. William Metcalf (58) 


Apr. 
Boring Multiple Cylinders (Locomotive).* McKernan. (21 Apr. 


General Discussion Electrical Equipment for Railroads and Around New 

York. (65) Apr. 

The Origin Superheaters, Consisting U-Shaped Pipes placed the Boiler 
Tubes.* (Locomotives.) Charles King. (88) Apr. 

The Determination the Shortest Possible Interval between Successive Trains 
Urban and Suburban Lines.* Pfeil. (From Elektrische Kraftbetriebe und 
Bahnen.) (88) Apr. 


Modern Locomotive Works Germany.* Chas. Lake. (47) Apr. 
Thermit Welding Instruction Book.: (For repairing locomotive frame work. (15) 
Apr. 10. 


Schmidt Tank Engine the Prussian State Railroads with Schmidt Smoke-Tube 

Superheater.* (15) Apr. 10. 

The New Eastbound Freight Yard Brunswick, Maryland.* 
(15) Apr. 

Electric Locomotives for the Detroit River Tunnels.* (40) 

The Performance Four-Cylinder Locomotive.* 


Electric Locomotive Performance.* Malcolm MacLaren. (Abstract from Electric 
Journal.) (18) Apr. 


New Shops the York Railways Company.* (72) Apr. 11. 
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Railroad (Continued). 


The Itemized Cost the Northern Pacific Railway System Estimated its Chief 
Darling. (From testimony the “Spokane Rate Case.’’) 
pr. 


Notes the Design and Performance Locomotive Coaling and Ash-Handling 
Plants.* Wilbur Hudson, Am. Soc. (13) Apr. 16. 
Compensation Grades Curves. (13) Apr. 16. 
The New Steel Rail Specifications the Pennsylvania R.* (13) Apr. 16; (14) 
(62) Apr. 20; (15) Apr. 17; (40) Apr. 17; (18) Apr. 18; (22) 


The New Four-Track Entrance the Erie Railroad into Jersey City.* (14) Apr. 18. 

New Car House and Shops the Chattanooga Railways Company.* (17) Apr. 18. 

Compound Engines and their Work. Charles Rous-Marten. (12) 
pr. 


Reconstruction Work Cincinnati, New Orleans Texas Pacific.* (40) Serial 
beginning Apr. 24. 

Union Terminal Washington, C.; Main Power Plant.* (40) Apr. 24. 

New Automatic Block Signals the Erie Railroad.* (15) Apr. 

New Tracks and Signals Broad Street Station.* (15) Apr. 24. 

Flexible Hangers for the Overhead Contact Wires Electric Railways.* Joseph 
Mayer, Am. Soc. (17) Apr. 25. 

New Steel Rail Specifications. (Report the Amer. Ry. Assoc.) (20) Apr. 30; 
(40) May (18) May 

Burning Lignite Coal Locomotives.* Terry. (25) 

Cars for the Philippine Railway.* (25) May. 

Power Requirements Railroad Shop Tools.* Pomeroy. (From General 
Electric Review.) (25) May. 

Remarkable Locomotives 1907.* Gairns. (10) May. 

From Steam Electricity Single Track Road.* Whitehead. (42) May. 

The Determination the Economic Location Sub-Stations Electric Railways.* 
Gerard Werner. (42) May. 

Johnson’s Point and Signal Apparatus.* (21) May. 

Standard Location for Electric Third Rail.* (Report the Amer. Ry. Assoc.) 
(18) May (40) May 


Way Department the Public Service Railway Company.* 


May. 


Martin Schreiber. (17) 

New Shops the Cleveland, Southwestern Columbus Railway Company.* (17) 
May 

Railroad Grading Hydraulic Methods the Chicago, Milwaukee St. Paul Rail- 
way.* (14) May 

The Itemized Cost the Great Northern Railway System Estimated its Chief 
Engineer. (86) May 

Prairie Locomotive for the Wabash.* (40) May 

Burlington Tie-Preserving Plant Galesburg.* (40) May 

The Growth the Kokomo, Marion Western Traction Company.* Tupper. 
(72) May 

Hoboken Terminal Power Plant, D., R.* (18) May 

The Warren-Bisbee Railway Arizona.* (17) May 

Power Station for the Delaware Hudson Company.* (17) May (18) May 


Ateliers Principaux Burbach, pour Réparation des Voitures Wagons, 
Chemins Fer Prussien.* (34) Apr. 


Nouvelle Méthode Raccordement des Courbes.* Hallade. (38) Apr. 

Dispositif d’Annulation Distance Aubine Manceuvre, par 
Unique Signal Carré Rouge Jaune, Muni Plaque 
Strasser. (38) Apr. 

Die Vorbereitung der Staatseisenbahnverwaltung fiir die Einfiihrung des Elektrischen 


Betriebes auf Hauptlinien.* Wolfgang Heinrich Freiherr Ferstel. (53) 
Serial beginning March 27. 


Die Auswahl und der Ausbau Alpiner Wasserkrafte zum Zweck des Elektrischen 
Conrad. (53) Serial beginning Aprli 10. 


Die Vierzylindrige 3/6-gekuppelte Verbund-Schnellzuglokomotive der Badischen 
Staatsbahnen.* Courtin. (48) April 11. 


Railroad, Street. 


The Construction the Market Street Subway, Philadelphia, (14) 25. 

The Car Equipment Department the Interborough Rapid Transit Company; Main- 
tenance and Repair Shop Practice.* Apr. 25. 

Conductor Rail Measurements.* Fortenbaugh. (42) May. 

Groove Skid Emergency Brake.* (73) May 

Cutting Subway through Masonry Bridge Piers.* (14) May 

Maintenance Regulations Proposed the Austrian Street Railway 

(17) 
Les Electriques Emploi Systéme Récupéra- 


tion Raworth, sur les Voitures Tramways.* Mestre. (33) Mar. 28. 
Métropolitain Paris, Traversée Seine par Ligne, No. 4.* Dumas. 
(33) 25. 
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Sanitary. 


Sizes Soil Pipes for Dwellings. Thomas Ainge. (Paper read before the Amer. 
Soc. Inspectors Plumbing and San. Engrs.) (70) Apr. 
Domestic Septic Tank.* Herbert Shade. (Paper read before the Amer. Soc. 
Inspectors Plumbing and San. Engrs.) (70) Apr. 
The Water and Sewage Purification and Stream Pollution Law. (13) 
pr. 
The Canal Street Tunnel Sewer, New York City.* (14) Apr. 18. 
Report Street Cleaning and Waste Disposal, New York City. (Abstract 
report Parsons, Rudolph Hering and Whinery, Mems. Am. Soc. 
(13) Apr. 23. 
Ventilation the New Forrest Theater, Philadelphia, Pa.* (14) 
pr. 


Some Economic Advantages Large Size Drain Tile. Okey. (Abstract from 
Iowa Engineer.) (86) Apr. 29. 

Phenomena the Crushing Sewer Conduits. James (Abstract 
paper read before the Amer. Soc. Mun. Impvts.) (60) May. 

Bacteria House Drain Pipes. Coutts. (60) 

60-Ton Refuse Destructor Seattle, Washington.* (14) May 

Reinforced Concrete Sewers Wilmington, Delaware.* (14) May 


Bret. (33) Serial be- 
ginning Apr. 
Maladie des Air Comprimé. Lemaire. (33) Apr. 18. 
Structural. 


Foundations.* Clark. (2) Jan. 

Structural Timber.* Hatt. (61) Mar. 

Displacement Diagrams Framed Structures Angles.* Myron 
Falk. (6) Apr. 

Graphical Comparison Various Log Rules. Arthur Morse. (13) Apr. 

Methods and Cost Constructing Brick and Steel Wire-Glass Plant Greens- 
burg, Pa. Duckham. (86) Apr. 15. 


Comparative Costs Mixing Concrete Hand and Machine, and Miscellaneous 
Data Concrete and Mortar. Clarence Mayer. (86) Apr. 15. 

Some Important Paint Tests. Heckel. (18) Apr. 18. 

The Edison Concrete House.* Larned. (From Cement Age.) (19) Apr. 18. 

Cost Two-Story Reinforced Concrete Factory Building. (86) Apr. 29. 

The Phelan Building Floor Construction.* (14) May 

Review the Present Practice and Economics Timber Preservation. Eugene 
Schoch. (Abstract paper read before the Southwestern Elec. and Gas 
Assoc.) (72) May 

Window-Cleaning Traveler for the Carnegie Library, Pittsburg, Pa.* (14) May 

Rationnelle des Poutres Béton Armé Grande Portée.* Vondas. (30) 


Einfluss der auf die Anordnung der Armierung bei 
Jhs. Thieme. (Abstract paper read before the Deutsche Betonverein.) (78) 
April. 


Neuen Stadttheater Kiel.* Leitholf. (48) Serial begin- 


ning April 18. 
Bericht den Stand der Schlackenmischfrage. Rudolf Dyckerhoff. (Paper read 


before the Verein Deutscher Portland-Cement-Fabrikanten.) (51) April 22. 
Ueber das Zementierungs-Verfahren beim Ausbau von 


Rosenstein. 
(Paper read before the Verein Deutscher 


(51) 
Serial beginning April 22. 
Untersuchungen und Harte. Eugen Meyer. (48) Serial begin- 
ning April 25. 


Topographical. 
The Re-Grading Seattle, Washington.* (14) 
Water Supply. 


Masonry Dam Formulas.* Orrin Brodie. (6) Apr. 
The Ohio Water and Sewage Purification and Stream Pollution Law. 


Serial beginning May 


(13) 

pr 

Cutting through Concrete Dam with Air Plug Drill and Chisels. Ernest 

and Cost Concrete Reservoir, City Park, Pomona, Cal.* 
Charles Kirby Fox. (86) Apr. 15. 

Characteristics the Francis Hydraulic Turbine. Uhl. (From Journal 
Electricity, Power and Gas.) (13) Apr. 16. 

Subsurface Investigations the Catskill Aqueduct, Board Water 


Robert Ridgway. (Paper read before the Mun. Engrs. the City 
(14) Apr. 18. 
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Water Supply—(Continued). 
The Buttressed Dams Reinforced Concrete.* Beardsley. (13) 


pr. 23. 
The Cataract Dam, Sydney, W.* (11) Apr. 24; (12) Apr. 


Earth Dam with Reinforced Concrete Core Wall, Dixville, H.* Arthur 
Dudley. (14) Apr. 25. 


Modern Fire Pumping Stations for Brooklyn, New York.* (62) May 


Method and Costs Cleaning Driven Wells Lowell, Mass.* Robert Thomas. 
(13) May 


Small Concrete Dam.* Samuel Lea. (14) May 

The New Blue Island Avenue Water Tunnel, Chicago.* (14) May 

The New Water Supplies for the Cities the East Shore San Francisco Bay.* 
Philip Harroun, Am. Soc. (14) May (13) May 

Development American Fork Canyon, Utah.* Merrill. 

Revétement Drainé Mortier Ciment avec Galeries Visitables sur Parement 
Amont Barrage Maconnerie Réservoir Mouche (Haute-Marne).* 
(43) Pt. 1907. 

Die Verwertung der Wasserkrafte. Aug. Meyer. (51) Serial beginning Mar. 28. 

Neuere Erfahrungen iiber die Anwendung von bei Talsperren.* Tross- 
bach. (Paper read before the Verein Deutscher Portland-Cement-Fabrikanten.) 
(51) Serial beginning April 15. 

Die Kraftiibertragungsanlagen der Rurtalsperren-Gesellschaft.* Dr. Rasch and 
Franz Bauwens. (48) Serial beginning April 18. 


Waterways. 


Dredging Equipment the Panama Canal. Maltby. (2) Jan. 
The Right-of-Way the Great Lakes.* Shenehon. (Paper read before the 
Detroit Eng. Soc.) (1) Mar. 
Constructing Reinforced Concrete Slope Paving for Holland Dikes.* 
(Abstract from Concrete and Constructional Engineering.) 


pr. 
The Lower Colorado River and after the Freshet Stage 1907.* 
Grunsky, Am. Soc. (13) Apr. 


pr. 16. 
Pump for Flushing the Kinnickinnic River Milwaukee, Wis.* 
) pr 

Length Records Necessary for Determining Stream Flow. John Hoyt, Assoc. 
Am. Soc. (13) Apr. 23. 

Experimental Work the Gatun Dam Site. Caleb Mills Saville, Am. Soc. 
(From the Canal Record.) (13) Apr. 23; (14) Apr. 25. 

Concrete Check Coast Erosion.* Van Brussel. (19) 

pr. 

The Sea-Wall Cebu, Philippine Islands.* Cameron. (14) 

pr. 25. 

Concrete Pier Construction the Pacific Coast.* Crafts. (10) May. 

Method and Cost Lock and Dam Construction the Government the 
Upper White River, Arkansas.* (86) May 

The Relation Water Conservation Flood Prevention and Navigation the 
Ohio River.* Leighton, Assoc. Am. Soc. (Appendix the Pre- 
liminary Report the Inland Waterways Comm.) (13) May 

Etude des Grandes Forces Hydrauliques Région des Alpes 
Compte Rendu 1905, Rapport Général. René Tavernier. (43) Pt. 

Les Canaux Montagnes, Caminada.* Sabin-Cilenti. (33) Mar. 28. 

Les Etales Courant dans Marée leurs Lieux Géométriques. Léon van 
Brabandt. (30) Apr. 
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SAFE STRESSES STEEL COLUMNS. 


The subject proper allowance for stresses columns has 
treated often theorists that may seem though more could 
said the subject without danger exhausting the patience 
the engineering profession, but, spite all the theories, the prac- 
tice steel designers, shown the specifications general use 
to-day, may well bear further consideration. 

The reason for this that all “rational” column formulas, based 
the elastic properties the steel, are founded considerations 


which are applicable only ratios length radius gyration far 


beyond those allowed actual construction. known, gen- 


eral way, that steel compression should not strained high 
tension, and there popular impression that the only reason for 
this that when the ratio above or, most, 
above value very little above the strength becomes lessened rapidly 
this but there has been growing tendency neglect the 
fact that, even very short columns, there not the same unit 


strength manifested against compressive and tensile stresses. 
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The reason for this difference manifest from moment’s con- 
sideration. may admitted that, within the elastic limit, the 
modulus elasticity practically the same, whichever way the metal 
strained—in tension compression. One may even further and 
admit that the elastic limit practically the same for both stresses; 
but, what happens after the limit passed? tension, the 
member merely straightens out—if not straight start with— 
and stretches, while with every increase length comes increase 
resisting strength until the ultimate strength reached, the final 
strength being nearly twice great was the elastic limit. 

compression, however, soon after the elastic limit passed, the 
column will and the more cripples the weaker becomes. 
not necessary consider the ideal conditions exact equilibrium 
the resisting power section, when crippling would not take 
place, the the best—is not attainable 
practice. the other hand, must admitted that the ductility, 
which such great advantage tension, not present 
appreciable amount compression, and that the ratio between work- 
ing stresses and destructive stresses all structures depends the 
compression members, and not the tension, when anything like equal 
working units are allowed the two. 

examination the results tests full-sized columns made 
Tetmajer, Marshall, Christie, Bouscaren, Strobel, Lanza and the 
Watertown Arsenal, shows strengths wrought-iron columns, which 
the does not exceed 120, from 16000 per sq. in., 
and for mild steel, from 18000 46000 per sq. in. far the 
larger part these range between 22000 and 34000 lb. for iron, and 
between 22000 and 46000 for steel. very noticeable, also, 
that one finds results more than 28000 lb. with the longest length 
and less than this amount with values small 30. While 
the axis drawn through the central portion the group these ex- 
periments, when plotted, shows some inclination toward lower values 
for inereased length, the center the group lies about 30000 
when 90, and there very little increase strength mani- 
fested the tests with lesser length than this. apparent, there- 
fore, that the compression allowed run high 16000, the 
between working stress and ultimate will not exceed 
tension members, the other hand, the corresponding factor nearly 


d 
n. 
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The answer this argument is, course, that nobody cares what 
the factor between working strain and ultimate may be, one 
really interested only the elastic limit, which never intended 
reach. not time call halt this line reasoning? Have 
not engineers been their ability design structures 
that all possible contingencies are taken into account? One wouid 
not willingly make use material tension which had stretch 
beyond the elastic limit, yet would way more hazardous 
than neglect the fact that such the case with compression mem- 
bers, unless greater factor below the elastic limit were allowed 
these. 

The history the development the column formulas used 
bridge specifications may shed little light the way which unit 
strains have crept up. 


The adaptation the Gordon formula wrought-iron columns 


Rankine had for numerator 36000 Ib. That is, Rankine recom- 


mended that this value assumed for the ultimate strength 
wrought iron compression short columns. The earlier specifi- 
for railroad bridges, which Rankine’s formula was used, 
recommended 7500 8000 the numerator when 10000 was used 
for tension, and this difference between the numerator the com- 
pression formula and the tensile unit has been retained large 
extent specifications until recently. 

When the straight-line formula was first introduced, was recom- 
mended for the reason that straight line could drawn that would 
coincide very well with the plotted results experiments for ratios 
between and 150, and that, giving less values than ex- 
periments warranted above this point, erred the side safety. 
The straight line, thus drawn, when prolonged the other way, reached 
the line about the tensile value the steel, making the 


compressive stress, and the allowable tensile stress. This simple 
form appealed strongly engineers, and was readily accepted 
many, but the fact was not recognized all that the line when plotted 
goes far above the experiments for values less than 90. The 
tables Strobel, Am. Soc. E., for the strength Z-bar 
were based straight-line formula, but this notable 
instance recognition the error the formula for short lengths, 
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limited his stresses 12000 when the straight line went 
higher than this amount. 

this point, may noted what seems have been unwar- 
ranted change specifications, due the reprehensible practice 
from one another with slight changes. There have always 
many engineers who liked the form the Rankine formula and 
vefused give up. Many appear have been struck with 
simplicity the straight-line formula having the unreduced 
compression unit the same the tension, and, wishing take ad- 
vantage this feature, but still adhering the Rankine form, they 
adopted the tension unit for the numerator the formula. This 
the curve entirely above the field tests, and, apparently, can- 
not defended any reasoning. 

later development, the specifications which are based the 
form the Rankine formula and still retain the tension unit the 
adopt lower constant the denominator. This, 
some, made 20000, and others, 8000. The former brings the 
curve within the outer limits the group tests, while the latter 
passes well through the middle the group for values greater 
than 50, but above the group for lower values. 

Perhaps enough has been said show that the formulas general 
use to-day need sawed off the end toward low values 
may also said that they all need amputated the other end. 
Mr. Schneider, years ago, suggested that values greater than 
100 should not allowed main members, and this limitation, with 
slight variations, has been generally since that time es- 
sential good practice. 

If, then, the Rankine formula used, with the numerator value 
equal the tension, and the compression stress limited to, say, 
75% the tension, and the value 100, thereabouts, one 
obtains for diagram horizontal line running cusp, then 
coneave curve running another cusp, then another straight line. 
Could anything more irrational? The straight-line formula little 
better; the only difference being, that, the middle portion, there 
straight line instead the curve. How much better would 
use continuous curve throughout, embodying its own limitations 
each end! 


The late Johnson, Am. Soe. E., suggested this same 
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thought his book Modern Framed Structures, and proposed 
parabola. This safe and simple, though, the vertex kept down 
safe value stress for short lengths, and the limitation 
made not higher than 120, the central portion the curve does 
not reach high tests would warrant. 

curve fits the case much better, the ellipse being drawn 
with its center the zero value for both stress and and having 
for one semi-diameter the limiting value and for the other 


the limiting stress for zero lengths. The form this equation is: 


enough plot ellipse, but, diagram only arranged 

The diagram, Fig. illustrates graphically number curves 
well-known specifications, together with the results tests, the ex- 
perimenters previously referred to, reduced allow for proper 
factor safety. This reduction made that the experimental re- 
sults compared with the formulas their usual forms. 
reduction applied proportional the ratio between the tension unit 
and the ultimate tensile strength the metal. That is, for wrought 


iron, the test values are multiplied and for steel the multi- 


000 
000° 

The proposed formula, plotted, based limiting values 
warranted experiments and good practice, and, the are 
arranged, the curve 


plier 


The writer puts forward new formula with great diffidence, know- 
ing well that custom very difficult thing with which contend, 
and how cold reception new compression formulas have met the 
past; but, how poorly the formulas now use fulfill the 
requirements, and realizing that the public fully awakened the 
present time their insufficiency, the time seems opportune for 
least suggesting the possibility improvement. 


Papers. 
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DIAGRAM 
COLUMN FORMULAS 


= Length of Column, in feet. 
Gy. 4 


4000 


3000 


1000 


NOTES 

Tests shown are reduced from the ultimate 
values in the ratio of pe for wrought 


16000 i 
iron and 60000 for mild steel . 


Wrought iron tests shown by circles e 
Steel testsshown bysquares ¢@ 
Tests shown were made by Tetmajer, 
Marshall, Christie, Bouscaren, Strobel, 
Lanza and the Watertown Arsenal. 
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EARTHQUAKE SHOCK HIGH 
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PRESENTED Marcu 1908. 


submitting this paper, the writer well aware that deal- 
ing with force that can measured only the resistance en- 
countered; and was simply with view determining the nature 
the stresses induced structures shock, such that San 
April 18th, 1906, that the following was undertaken. 

All realize that, with possible exception, the steel-framed struc- 
tures San Franciseo stood this shock. This fact has promoted con- 
fidence, and has satisfied architects and owners that such the safe 
type building for the Coast. The engineer, however, cannot 
satisfied until ascertains just how disturbance this nature 
affects high buildings. 

The effect earthquake produce complex movement 
the crust the earth. This movement wave motion accompanied 
more less twisting. This twisting torsional effect small, 
and affects only the first tier columns. The length the wave 
very long, that the vertical movement small, and, for structure 
with well-designed foundation, may neglected. The effect the 
shock, then, from the horizontal motion, which rapid oscillation. 
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From known that: 


or, the the earthquake any structure the mass the 
into the produced. 


[ow | Roof 
85 


Sth Floor 


ith Floor 


3rd Floor 


2nd Fivor 


Imagine the structure represented Fig. built per- 
rigid material, and that the weight each story; then, 
the foundation takes the movement the earth, endeavors 
set the structure motion. The inertia the building resists, and 


floor are: 
The maximum bending moment these shears and 


bending moments could developed, the building would follow the 
movement whole. There are, however, perfectly rigid materials, 
that, under the action force, there would deformation which, 
will seen later, different different types buildings. 
Consider first structure which has wind bracing. reference 
Fig. will seen that each story weighs and that, there- 
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fore, the resistance that each story would offer having set 

The building, under this action forces, beam cantilever 
under uniform load that: 


would 


Moment inertia section 


will noticed that Equation does not represent the dis- 


placement due the shock, and may greater less than this. 


the building represented single line can seen that, 
varies directly and and inversely and that either 
the three curves may attained, dependent these variables. 

now, and large, and and small, and the oscillation 
rapid, then the building would endeavor follow the movement closely, 
which case the curves produced the oscillation would produce 
wave motion the structure shown approximately Fig. 

The writer this the effect the late shock felt 
the majority low structures. identifies the effect produced 
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the three-story apartment house which was that memorable 
morning. was quite different from the effect felt the fifth story 
six-story steel-frame structure during later shock. the 
ease, there was decided swinging movement the building. 


Referring Fig. one may note the high shearing stresses pro- 


duced. These are, course, the same Fig. The bending 


moment maximum the foot the column, and equals: 


Original 1st Movement Ast Reversal 2nd Reversal 3rd Reversal 
Position 


can seen glance that this type construction not 
adapted resist any shocks except those very small displacement; 
and, even the buildings will fail 


detail. For instance: was noted, after the 
shock April 18th, that number cases 


the beams columns had failed 
the rivets shearing off. Reference Fig. 
will explain the condition. referring 
the curves, will seen that during the 
vibration the column bent, 
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couple, into action, and the rivets, not being stand 
this, failed. The writer has also noted several buildings this type 
which there decided the brickwork following the 
column, which tends substantiate this theory. 

wind-braced building will act little differently from the fore- 
going, due the fact that the point contraflexure the columns 


fixed the bracing, that the building part will follow the 
movement. 


Let the horizontal displacement, 
the time for said horizontal displacement, 


the effect gravity; 


then, the force exerted the building where 


equals the weight the building. 


If, Fig. assumed that the horizontal girders are stiff 
enough fix the columns the knees, then the effect the build- 
ing the movement, shown. 


formation building. 


the weight the building above and including the first 


floor. 

the weight the building above and including the second 
floor. 

the weight the building above and including the third 
floor. 


From known that: 


A W, D 

or, 
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The bending moment maximum the base, and 


These conditions are reached for the movement one direction. 
this movement back and forth, gives the approximate curves 
shown Fig. 

can readily seen that while the curve, shows the curve 
the building for the movement that, before the return move- 
inent throws the reverse curve into the structure, portion 


4th Floor 
7 3rd Floor 
; 2nd Floor 
Ast Floor 
>| 
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the frame the top will endeavor straighten, that the point, 
will move and that the curve the beginning the return 
movement will This tendency aggravated each re- 


verse, and produces the whip action the top. 


Equation may seen that should very small and 
the first story large, nearly all the bending would occur the first- 
story columns, the building above receiving 
very small this case, the first-story 
vibrate back and forth, and the build- 
ing above practically stationary. course, 
this would productive high bending move- 
ment the first-story and shock 
any magnitude would wreck the building. 

the foregoing analysis correct, the following may noted: 

the stresses produced are similar those caused 
wind; 

2d.—That, account quick reversal, the stresses are increased; 

3d.—That, wind-braced structure, the total effect distributed 
throughout the structure; 

4th.—That, this effect function the weight, the 
wall and floor construction should light consistent with 
strength; 

5th.—That, this effect inversely the coefficient elasticity, 
the frame should highly material; 

the effect buildings that are not wind-braced 
varies the cube the height, these structures should limited 
height; 

isolated footings. 
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These conclusions all point steel frame with reinforced walls 
floors the type construction for the vicinity San Francisco. 

With respect reinforced concrete, the writer, although be- 
lieves valuable combination, thinks unsuited resist 
the that earthquake shock would produce high building, 
‘or the following reasons: 

type construction not adapted resisting reversed 

2d.—It cannot take shock; 

3d.—The construction heavy, which conflicts with Conclusion 

4th.—The coefficient elasticity low, which does not agree with 

high bending moments produced and girders 
would make their designs uneconomical; 

6th.—Added these, when considered that any failure 
will necessitate the renewal several entire members, the dis- 
advantages this construction will seen. 

Finally, the writer would recommend: 

building have lattice girders the Warren type, 
deep the spandrel section will allow, running entirely around the 
every floor. The advantage this construction 
obvious: Being the the wall, the brickwork concrete 
can built around the members, the wall thereby being reinforced, 
the girder can designed economically for the different floors. Be- 
ing deep, forms the lintel over the windows and the same time 
the length the column. 

II.—Monolithie foundations. 

zontally and vertically. 

that they can transmit all horizontal shear the columns. 

bracing connections designed develop the main 

000 
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INVAR (NICKEL-STEEL) TAPES THE 
MEASUREMENT SIX PRIMARY 
BASE LINES. 


Discussion.* 


count the progress made the use steel tapes work 
interesting and valuable. The old-time methods using bars 
rods for the measurement base lines were both laborious and ex- 
pensive, and, consequence, the intervals between such lines 
system triangulation were entirely too long. 

Professor Woodward’s paper long steel tapes, and the discus- 
sion gave account the use steel tapes connection 
with the triangulation work the Coast Survey. 

The official reports the Mississippi and Missouri River Commis- 
sions, earlier date several years, gave accounts the steel-tape 
work their respective surveys, which included high-grade triangu- 
lation, where the length the triangle sides and the closure required 
were such favorably with so-called primary work. 

August, 1880, the writer made use steel tape the 
measurement base line ft. long, opposite Grafton, 
connection with the triangulation that vicinity, and, although the 
equipment was deficient many respects, the results obtained were 


*This discussion (of the paper Owen French, Am. Soc. E., printed 
Proceedings for October, printed Proceedings order that the views expressed 
may brought before all members for further discussion. 


Transactions, Am. E., Vol. XXX, pp. 81-107 and 638-652. 
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SNELLING LINE WITH 300-FT. STEEL TAPE, 
REAR END TAPE. 


Fort SNELLING LINE, SHOWING TENSION DEVICE. 
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such establish practically the use the steel tape the ex- Mr. Ockerson. 


triangulation work which followed, from the mouth the 
Ohio the headwaters the Mississippi. 

The writer believes this the first use the steel tape re- 
ined work, least the United States. 

The methods manipulation the field were modified and im- 
the interest both and accuracy, experience 
leveloped the defects. 

Mr. Wheeler, the Missouri River Commission, entitled 
the introducing accurate tension adjuster, which 
deseribed the Annual Report that Commission for 1886. 

The use metal strips which mark the graduated extremi- 
ties the tape lengths was also developed the river sur- 
veys. This was very important step, virtually permitted the 
graphical results each tape length transferred from the field 
the office, where the could taken leisure. 

Mr. Marshall, connection with the survey the Red River, 
made number improvements, among which was the use two 
tapes different metals one and the same time. 

The greatest error the use the steel tape lies 
failure secure its temperature, much more sensitive 
changes than the thermometer used connection therewith. The 
writer had mind method diminishing the difference between 
the two, the construction thermometer with elongated 
bulb the same material the tape, and perhaps extending the 
metal along the back the glass scale tube. The invar tape, ap- 
parently, eliminates much the objection the steel tape incident 
changes temperature. 

the Mississippi River triangulation, the measurement base 
lines became easy that the general practice called for base line 
intervals about triangles. That say, the instrumental 
errors centering both instrument and target, and errors point- 
ing, were larger than the errors base measurement, hence such 
errors were largely localized the use frequent bases. 

the writer’s opinion, each tape should standardized 
measuring primary base the length which has been determined 
Repsold other refined base-measuring apparatus. The measur- 
ing should done under conditions and methods identical with 
those used the measurement new base, preference 
relying laboratory determination the length the tape. 

Table gives some results base-line measurements with steel 
tapes the Mississippi River Triangulation. The measurements were 
generally made the morning, before sunrise, when changes 
temperature were not very rapid. The lengths are given round 
numbers, omitting the decimals. 


| 


Mr. Ockerson 


Mr. Andrews. 


TABLE 9.—Some MEASUREMENTS WITH STEEL 


Location. Length base line, feet. 
Prairie Chien.............. 265 000 
6 486 | 929 300 
Fort Snelling.......... 400 517 000 


The method handling the tape shown the photographs 
Plate Single measurements lines mile long have been made 
min. the lines cited, effort was made secure very 
high degree accuracy, but simply keep within the limit dis- 
crepancy between two measurements, 250000, prescribed. 


Horace Am. Soc. (by engineer- 
ing profession indebted Mr. French for his clear and useful 
exposition the practical adaptability invar field use. 

There would seem little left desired base-measuring 
apparatus, now that temperature corrections are well eliminated. 
The history base measurement has been one constant struggle 
against the uncertainty temperature corrections. present, the 
use iced bars, steel tapes, and night work, enables high precision 
attained, together with speed and economy passing all former 
experiences. further and most important advance, 
economical standpoint, now assured through the use this wonder- 
ful alloy. 

Previous the six base lines referred Mr. French, some 
base lines primary importance had been measured the United 
States. The three earliest, one 1834 and two 1844, measured 


214 000 
Between 1847 and 1873, seven bases were measured the Coast Sur- 


vey, with the Bache-Wiirdemann apparatus, average probable 


with the Hassler apparatus, had average probable error 


error 437 000 being indicated. apparatus used the 


United States Lake Survey, from 1870 1875, gave the average 


probable five bases 000° The Repsold apparatus then 


came into use the Lake Survey, three bases being measured with Mr. Andrews. 


average probable error only 000° The United States Coast 


and Survey, after 1873, measured eight bases with various 
apparatus. Two these, measured 1891-92 with the iced bar and 
steel tape, showed excellent results. The average probable error 


these eight bases was Then came the phenomenal achieve- 
ov 


ment 1900, when the United States Coast and Survey, 
having commissioned one field party measure nine bases work- 
ing season, the aim being secure precision about 


500 
obtained, not only unprecedented economy time and money, but 


average probable error only 1150 000° This was due 


the use the iced bar and steel tapes, mentioned Mr. French; 
the advantages invar are those pointed out him, and are irre- 
spective the higher precision which was incidentally obtained. 

Obviously, invar will admirable material for precision level- 
ing-rods. Its use for pendulum rods was one the first suggested. 
pendulum, supported iron rod, will change its rate about 
min. week, subjected change temperature 30° fahr., 
but, with invar having the coefficient given the author, the change 
rate would only see. 

would interesting know the exact proportions nickel 
and steel entering into the composition the invar tapes. view 
the fact that the coefficient expansion given Table only 
one-half that found Guillaume’s 36% nickel alloy, would seem 
that some change must have been made the proportions, and the 
nickel-steel alloy; present, there are two “invar” alloys, 
one which has only half the invariability the other. 

Engineering measurements general must made under all con- 
ditions temperature, and will great advantage inde- 
pendent temperature corrections. The writer has found very 
advisable keep temperature notes for important steel-tape measure- 
ments, and correct, rule 0.01 ft. 100 ft., for each 
15° fahr. the surveys for the Boston Back Bay tract, has been 
stated that brass tapes were used, and with the correction 0.01 ft. 
100 ft. for 10° fahr. change temperature. With invar, the cor- 
rection would appear 0.01 ft. 100 ft. for each 44° fahr., 
that temperature corrections would general negligible. 


Assoc. Am. Soc. E.—The low coefficient 
expansion invar makes most desirable material for tape, 


Mr.Cummings 
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and the results given the paper show that has proved very satis- 
factory for base-line measurements. 

could used advantage for measuring base lines for city 
bridge triangulations, wherever great accuracy required base- 
line work. there seem serious objections the use 
the invar tape for ordinary city surveying, even though its low co- 
efficient expansion would practically eliminate temperature correc- 
tions. more easily bent and less elastic than steel, and, accord- 
ing the makers, requires reel in. diameter. Thus great 
care must taken handling it, and would need retested 
every time someone happened run into while measurement was 
being made was stepped on, either which may easily 
happen ordinary street surveying. 

question whether surveying needs done more accurately 
than the holding the points established the survey. When street 
corners are marked stone monuments placed near the surface 
the sidewalk, there possible movement due frosts and ex- 
for building and street construction purposes. the invar 
tape should developed more easily handled and then 
come into use for city surveying, greater degree accuracy would 
obtained; but, secure the benefits this, the points established 
would have marked stone monuments either be- 
low extending below the frost line. 
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Am. Soc. (by letter).—In this valuable mr. 


paper the author proves that the refuse the Borough Richmond, 
New York City, contains sufficient calorific material enable 
burned without offense, and without using auxiliary fuel. also 
presents data regarding forty incinerating plants Great Britain, 
with the object determining the best features design for use 
proposed plant. The investigation which led the conclusion that 
desirable burn all the refuse one incinerator, that found 
practicable, not given the paper, nor there any investigation 
the merits demerits incinerators American design. The writer 
the opinion that, the United States, seldom desirable 
reburn all refuse, including the ashes from private houses and other 
buildings, and would like the author present detail the data upon 
which this determination, which preceded the investigation reported 
the paper, was based. 

Whether not the method destroying all wastes one set 
furnaces will found the best for municipalities generally, engineers 
are indebted Mr. Fetherston for his thorough work ascertaining 
the quantities garbage, ashes and rubbish, and their value, 
what may taken representative district. remarkable, 


This discussion (of the paper Fetherston, Assoc. Am. Soc. E., printed 
Proceedings for November, 1907), printed Proceedings order that the views 
expressed may brought before all members for further discussion. 


n 


Mr. Venable. 
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also, that the best summary British practice refuse disposal 
found this paper, American engineer, for use America. 
Too much praise can hardly given for the judgment shown the 
preparation the various tables, although Table was prepared 
long ago make necessary for the reader guard himself 
against the error assuming that contains all the data now avail- 
able the subject with which deals. The work Messrs. 
Parsons, Rudolph Hering, Morse, and others has been pub- 
lished 1904. 

From this paper and other available data, safe assume that, 
almost any municipality, all the household refuse collected and 
brought one place, the mixture will contain sufficient calorific 
energy make practicable burn without admixture other 
fuel, and permit the generation some steam for power purposes 
from the heat the gases combustion. does not follow from 
this, however, that such collection and disposal the most advisable. 
can hardly granted, general proposition cities, that 
impossible collect ashes such condition that sanitary disposal 
them without reburning impracticable. such granted, ap- 
pears have been done the present case, there would still rea- 
sons for considering separate collection and burning separate parts 
incinerator, keeping ashes separate from garbage and refuse, 
both for sanitary reasons and for convenience and economy actual 
burning. 

the reburning ashes decided from considerations 
economy only, should regarded entirely apart from the disposal 
other wastes, for the introduction ashes into the garbage makes 
their disposal much more costly than otherwise, even neces- 
sary furnish considerable quantity coal assist destroy- 
ing the garbage. 

While ashes from household fires contain much combustible ma- 
terial, they not contain enough, rule, make for the cost 
stoking them through crematory, not including plant charges; 
and, unless very great reduction weight secured reburning, 
there will saving total haul the burning process. Gen- 
erally, the weight ashes passed through crematory not very 
greatly reduced, although the weight rubbish and garbage very 
much decreased burning. There may cases, however, where 
furnace can located the center district, and the haul the 
dump very much longer than that the furnace, which cases the 
saving haul will more than counterbalance the cost dumping, 
stoking, interest and depreciation plant, and reloading for haul 
the dump.* 


This matter discussed the writer’s book, Crematories America.” 
John Wiley Sons, 1906. this book will also found descriptions every type 
crematory installed the United States, reference every United States patent interest 
this field, and list the more important and representative plants installed each 
builder such works the United States. 
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the United States has been customary dispose ashes mr. venable. 


separately from garbage, from motives economy, and furnaces for 
the disposal garbage refuse, both combined, have been de- 
signed with the expectation that ashes would excluded. prac- 
ticable burn these materials properly without draft, and 
several builders crematories have accomplished this successfully, 
prices disposal per ton quite low those obtaining England 
for the mixed refuse; but crematories operating natural draft can 
abused more readily than those using forced draft, and, conse- 
quently, when handled the ignorant persons who are often placed 
the furnaces have received the blame that ought have 
been charged against the persons authority. course, very many 
poor design, and crematories attempting burn ma- 
terials for which they have not been fitted, have been installed, and 
the blame has not always been with the operator. Crematories the 
American design are much cheaper build than those the 
British type, they require boiler plant, power auxiliaries. 
They will consume successfully garbage and rubbish character 
which cannot burned those the British type, and are very 
economical the use labor stoking. Therefore they ought not 
disposal, but should installed where economy shows that they will 
most economical the long run; and proper precautions should 
taken that they are operated not produce nuisance. 

the other hand, practically impossible burn ash-bin 
refuse with natural draft. The reason is, not that strong enough 
natural draft cannot obtained, but that the constant opening 
doors for stoking, account the large proportion ashes actual 
fuel the mixed refuse, admits the furnace too much air for 
proper combustion. This reduces the draft and also causes the pro- 
duction foul odors the chimney gases. requires much more 
head create proper draft through mixture ashes than through 
mixture rubbish that possible burn the rubbish without 
offense, natural draft, even with doors frequently open, although 
not possible large proportion ashes introduced into the 
mixture burned. Thus, practically all British incinerator 
builders have been compelled adopt forced draft because they reburn 
ashes, and install boilers order develop power obtain it. 
When forced draft used, the stack should designed merely carry 
off the gases combustion, not produce any portion the head 
across the grates. Thus, when the stoking doors are opened, there 
tendency draw the air the stoking room into the furnace; 
but, the other hand, there may tendency for the heated gases 
within come out through the open doors, observed Mr. Fether- 
ston several British installations. draft, subject close 
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regulation, preferable any installation, and very great safe- 
guard against the admission too much air into the furnace, above 
the fires; but not the only way which this can safeguarded, 
and, many plants, especially the smaller towns, the advantages 
derived from the installation boiler are not great the 
disadvantages. 

These remarks may considered not properly applying 
Mr. Fetherston’s valuable paper, one the premises 
which that the ashes are burned. While fully recognizing 
this, condition precedent his inquiry, and having quarrel 
with it, the case the Borough Richmond, the writer has 
ventured these remarks perhaps some interest others, for con- 
ditions which may differ from those stated this paper. 


Cary, paper, viewed from the standpoint 
furnace and fuel specialist, great interest the speaker, who, 
having had considerable experience burning various fuels 
low value and also fuels large percentages 
moisture, such spent tan bark, wet refuse wood-pulp shavings, spent 
licorice root, bagasse, can well appreciate the difficulties en- 
countered burning wet municipal wastes; and burning them 
obtain heat for steam-making, which heat excess 
that required evaporate the moisture contained the fuel, and 
dissociate the fuel (thereby liberating the volatile gases contains, 
which action necessary before these fuel constituents can burn). 

any fuel dried and analysis made its chemical com- 
position, then, the use modification the well-known Dulong 
formula, determination the value the sample analyzed 
made. This may may not use furnace determina- 
tions, depending the nature the fuel and the value the sample 
fair representative the entire mass fuel consumed. 

easy matter obtain representative sample the entire 
fuel consumed during test, even when the fuel fairly uniform 
quality, but when its quality very variable nature, such 
refuse-burning plants, the difficulties obtaining small sample 
fair average value become almost insurmountable. Aside from this 
difficulty, after making from the chemical analysis 
dried sample, one does not obtain true value the fuel, 
this process determination assumes that the combustion wholly 
process, that is, one producing heat with 
absorption occurring for internal external reactions. Such endo- 
actions always take place the process combustion, 
requires heat energy break solid masses fuel and liberate and 
split the hydro-carbons, say nothing the energy required 


evaporate the moisture, both the surface and contained hydro- 
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For this reason, when careful tests are made, the fuel 
alues are found higher than those obtained using the oxygen 
‘uel calorimeter; the difference between these two values indicates 
heat energy absorbed reactions. 

Coming now the fuel calorimeter, reference will made only 
the work done the Mahler bomb. proper manipulation 
apparatus, there difficulty determining the true value 
‘ie sample tested, and the results obtained will require correc- 
‘ons for chemical endothermic actions; but here, also, there 
ulty obtaining corréct samples, representing fair average the 
whole fuel mass, and must remembered that the quantity 
‘uel tested weighs only (that is, less than 0.04 

The great difficulty obtaining the true the 
refuse either these methods, therefore, can well. appreciated, 
the question naturally is: How can this most important value 

The answer somewhat extended experience 
furnace investigations leading accurate 
are usually obtained made from the 
analysis the fuel, the quantity fuel used, the analysis the 
products combustion, and proper consideration the various 
furnace losses. 

somewhat reversed method made from series 
observations, the chemical composition the fuel may obtained, 
and from the unknown quantity determined, then, with very 
fair degree accuracy, its value may found. 

The accuracy such determination is, unquestionably, far greater 
than may obtained any system sampling when such mixed 
fuel municipal wastes used. 

This method was used the work Mr. Stromeyer, re- 
ferred page 957,* but did not carry his work far enough 
obtain sufficiently satisfactory results. 

The furnace gas analysis becomes most important matter such 
test work, and the mere finding the percentages CO,, 
and difference, the use the ordinary Orsat apparatus, will 
not give sufficient information, experience has taught the speaker 
that such work necessary determine the free hydrogen and 
well. 

Mr. Stromeyer also relates, his report, the failure his high- 
temperature measuring apparatus, which furnishes most important 
information. The speaker continually using such apparatus, with- 
out trouble, furnace tests where much higher temperatures exist. 

The speaker does not wish understood criticizing Mr. 
Stromeyer this work, the contrary, regards very much 


ngs, Am. Soe. for November, 


Mr. Cary. 
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Mr. Cary. advance any testing work previously done refuse crematories. 


merely wishes indicate that this the most reliable way 
obtaining this much sought for information, when proper testing 
done. 

obtain data needed make such fuel determinations, one does 
not require any other apparatus than that used making complete 
and exhaustive furnace tests, but careful refinements must not 
neglected, both applying and using the apparatus and having 
them all calibrated. 

The work done Mr. Fetherston, shown this paper, 
obtain such information, fuel sampling methods, certainly highly 
creditable, and the amount work involved appeals the speaker 
strongly, knows experience what means. 

Concerning the large percentages moisture held fuels, the 
speaker has profitably passed very wet fuel between pair large 
rolls, with rough faces, one roll being little greater 
diameter than the other. These rolls, the same num- 
ber revolutions per minute, were held together large springs 
which allowed them separate when solid chunks reached them. 

this way large quantity the contained moisture was squeezed 
out, and higher temperatures were obtained the furnace, well 
better combustion, for the furnace the poorest place the world 
evaporate water. 

Mr. Fetherston’s statement the requirements necessary for burn- 
ing wet fuel, page 972* which, states, originated with Pro- 
fessor Thurston, may found the Journal the Franklin Insti- 
tute for 1874, where will found refer especially spent tan 
and wet saw-dust. 

For the combustion moist fuel, the highest furnace temperatures 
possible are most essential, and that requirement one the weakest 
features general garbage incinerating plants. firmly believed 
that much profitable development possible this direction. 

The disposition the highly heated surrounding surfaces men- 
tioned matter much importance with such fuel, and combus- 
tion chambers must proportioned the amount gaseous matter 
and moisture given off the fuel. 

The speaker can hardly admit the statement indicating that com- 
bustion should retarded and limited spots dry fuel forming 
the grate and burning expose wet fuel, thereby stopping com- 
bustion. Such conditions should never exist they indicate bad 

design. 


obtain the most desirable results, the combustion the fuel 
should constantly accelerated. 


Pre-heated air, introduced under some pressure, offset its dilated 


*Proceedings, Am. Soc. E., for November, 1907. 
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condition, will assist producing such results, noted Mr. Mr. Cary. 


Fetherston. 

Steam jets should certainly avoided much possible, there 
altogether too much steam given off from the fuel the furnace, 
and steam has cooling effect the fire-bed. obtain the best 
results, the steam used disintegrate the clinker should super- 
heated. 

The speaker cannot agree with Mr. Fetherston when places the 
minimum desirable furnace temperature low 1250° fahr., which 
dangerously near the lowest temperature which some the gases 
found the furnace will ignite. Such temperature will surely 
followed most imperfect combustion. 

furnace should not fall below fahr., experience proves 
that, under lower temperatures, both furnace and boiler efficiencies 
drop. Further, 2000° fahr. too low for maximum temperature, 
the speaker’s best furnace results have always been obtained with 

furnace properly designed and built, there reason why 
should not durable under temperature fahr., and with 
destructor furnace conditions. 

The speaker’s experience, many years furnace work, has 
taught him that proper provision for great expansion and contraction 
frequently neglected, and, also, that high-grade refractory materials 
are not used much they should be, and that high-grade furnace 
masons are not employed, but, where all these requirements are met, 
the durability furnaces greatly increased. 

page 970,* noted that Mr. Fetherston assumes combined 
furnace and boiler efficiency per cent. the system testing 
referred this discussion, the exact efficiency the furnace can 
obtained. The information thus obtained will also point out 
definitely the exact causes inefficiency, and thereby lead rapid, 
rational, and development and improvement the system 
garbage incineration, and the time certainly favorable for work 
this nature, shown Mr. Fetherston’s earnest work and careful 
investigation existing conditions. 


Foster, Am. Soc. (by letter).—The valuable data 
which Mr. Fetherston has presented this paper will certainly 
appreciated engineers who have explore this com- 
paratively obscure field, and certain that the paper will prove 
important addition the Society’s 

Attention the quotation page 972* from Professor 
Thurston, giving the requirements for success burning wet fuel: 
insure that “the rapidity combustion may precisely equal 
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and never exceed the rapidity desiccation” offers condition which 
steadfastly striven for, but which, unfortunately, can only 
obtained under the most ideal conditions, and one can only hope 
fulfil when the combined collection the city’s waste 
burned. long furnaces are required burn garbage only, 
garbage and rubbish, special provision must made for carrying out 
the above When garbage alone burned, fuel must 
added support combustion. Professor Thurston’s remarks show why 
coal should used, and not oil natural gas, since the heated 
mass the coal, and not the volatile matter, which accomplishes the 
drying process. The quality coal need not high; fact, coals 
the poorer quality, containing high percentages ash, are really 
more suitable for this purpose. When garbage rubbish have 
dealt with, without ashes, some other means must adopted for pre- 
paring the garbage for burning, and, whatever method used, 
must out inside the furnace, thus becomes part the 
detail the design. 

must not considered that the chief desideratum obtain 
the highest possible temperature any part the furnace. Such 
impression would entirely wrong. The temperature, the contrary, 
must maintained between certain moderate limits, preferably be- 
tween 800 and 000° fahr., but with minimum never less than 250° 
fahr. The disadvantages too high temperature may stated as: 


Excessive cost repairs; 

Melting the dust and causing stick the fire- 
brick linings inside, and loss time and labor 
out, periodically, hammer and chisel, the slag-like 
accumulations; 

Discomfort the operators removing the clinker from the 
furnace. 


The limit low temperature reached the point where the 
gases combustion cease dissociated and oxidized. neces- 
sary, then, maintain temperature well above this, thus rendering 
them thoroughly innocuous, and without which process destruc- 
tion may termed sanitary without nuisance. 

the study designs various furnaces intended for destroying 
refuse, attention has been drawn the conservation the heat 
various recuperating devices, such air heater for extracting the 
heat from the flue gases and transferring the air which being 
fed the furnace, and the method cooling the clinkers taking 
their heat the same air going the furnaces. these devices, 
which resemble the conventional economizers and air heaters used 
connection with steam-power plants for securing higher efficiency and 
economy fuel consumption, serve entirely different purpose 
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ease destructor furnaces. They are rendered necessary order Mr. Foster. 


insure high minimum temperature which must all times 
the character the material fed the grates being 
uch nature that these precautions are necessary. 

Whereas the steam generated from the plant represents valuable 
and, some instances, can made useful work, doubtless 
here will many cases where, the absence suitable method 
this power, the steam must blown off and wasted. 
the condition the furnace which most importance, even 
steam generated wasted, the devices for recovering the heat must 

page 978* Mr. Fetherston suggests further improvement 
vhich might made the Westmount plant, namely, utilize the 
heat the hot clinker for raising the temperaturé the 
air for combustion. This idea being carried out the city plant 
under construction. 

mistake rely the recommendation that the conversion 
the power the destructor plant into electrical energy the most 
suitable outlet for that power. Mr. Fetherston mentions the pumping 
water sewage appropriate use. still more appropriate 
use would seem the manufacture ice, for which such plant 
strikingly well adapted. For instance, with absorption ice ma- 
coal under the grates the boiler, whereas, destructor plant 
tons lb. steam may readily evaporated per pound 
mixed refuse destroyed. 50-ton destructor plant would serve 
community with population approximately 40000. comparing 
these figures will seen that 50-ton refuse destructor will pro- 
capita, which would liberal amount. 

important feature the design furnaces the avoidance 
smoke; this can only accomplished isolating completely the 
furnace and combustion chamber from the water-heating surface con- 
with the boiler, the chilling produced contact the 
partially cooled consumed gases against the cold surface the tube 
containing water will suppress complete combustion and result 
smoky chimney. 

Assoc. Am. Soc. E.—The speaker has fol- 
lowed with great interest the development the work done Mr. 
the results which are admirably presented his 
valuable paper. 

The speaker’s relation this work, stated the author, has 
been with the determination the values in- 
corporated the text the paper. The purpose this discussion, 
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Mr. Welton. therefore, describe some detail the methods used making 
the calorific tests and proximate analyses, order that the reader may 
enabled form his own estimate the relative value those re- 
sults compared with similar tests other and more homogeneous 
materials used fuel. 

also desired record the results series chemical 
analyses the component parts the refuse made the same 
laboratories Professor Stephen Peckham, Member the Ameri- 
can Chemical Society, whose assistance has been highly appreciated. 

The primary purpose the experiments was provide funda- 
mental data from which could determined the feasibility the 
sanitary disposal the wastes the Borough Richmond self- 
combustion, refuse destructor the same general type used 
Great Britain. 

Inasmuch the matter heat utilization and power production 
was taken ultimately, connection with the disposal the 
refuse, the results the experiments were also considered 
possibly affecting the design the destructor. the results the 
tests should show that the material was not suitable for self- 
incineration, was hoped that the chemical analyses might provide 
the necessary information for determining some alternative method 
sanitary disposal. the other hand, the material should 
found suitable, the chemical analyses might furnish additional data 
for the study means for the prevention possible nuisance the 
escape the products combustion, for the recovery com- 
mercially valuable material. 

After the conclusion trial calorific tests two sets samples 
ascertain what methods handling the material the laboratory 
would secure the desired uniformity results, consultation was held 


between the author and the speaker define the the experi- 
ments. 


was decided: 


the experiments were conclusive, they should 
extended over period least full year, thus showing the 
entire seasonal variation the character the collections, which 
variation, was thought, might sufficient interfere, perhaps, 
serious degree, with the successful operation destructor; 
Second.—That the samples should taken with sufficient fre- 
queney and such manner truly representative the col- 


lections, both regards the character the material and the period 
covered. 


was finally settled that the samples submitted the laboratory 
should represent the daily collections the Bureau Street Cleaning 
for period about two weeks, half month. 
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The primary sampling from the actual collections, well the Mr. 
preparation the half-monthly samples, was made under 
the direction Mr. Fetherston. 

The sampling, described detail the author, consisted the 
representative material which was subsequently separated, 
sieves and hand-picking, into six general classes follows: 

1.—Garbage, 

2.—Coal and cinders, 
3.—Rubbish, 

ash, 

5.—Clinker, 
material. 


The garbage consisted vegetable and animal matter, ete., such 
ordinarily collected from dwellings. 

The coal and cinders was the better portion the stove and furnace 
wastes the district. 

The rubbish consisted variety materials, such paper, 
excelsior, rags, fibrous material, 

The fine ash was the material from the general collections which 
would pass through mesh, and consisted principally 
the finer residue from domestic fires. 

The clinker was that contained the residue from domestic fires, 
and those schools, churches, ete. 

The incombustible material was largely glass, metal, stone, bricks, 
ete. 

The initial preparation the samples comprised the reduction 
large quantities material the several classes quartering, the 
evaporation nearly all the moisture, and the rough pulverizing 
all samples effect uniformity which would serve make the 
samples submitted the laboratory truly representative. 

The weight these samples was 


each coal and cinders, clinker and fine ash; 


rubbish. 


The condition the samples, they arrived the laboratory, 
after going through this preliminary process, was about follows: 
The garbage, the majority cases, was fairly dry, but soft and 
greasy; most would pass sieve mesh, and, while the 
odor was decidedly evidence was not offensively so. Nearly all 
the and cinders would pass sieve mesh, and showed 
large proportion unburned coal. 

The fine ash and clinker were about the same condition the 
coal and except that the difference the quantity carbon 
present was plainly evident from the color and general appearance. 


n 
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The rubbish presented the appearance shredded rags, paper, etc. 

material was tested, for obvious reasons. 

Upon arrival the laboratory, each sample was 
placed wide-mouthed glass jar with ground-glass stopper, 
soon convenient thereafter careful determination was made 
the contained amount moisture. This operation was conducte: 
using about garbage and about each the other samples 

The whole each sample garbage and rubbish was then mad 
pass sieve No. mesh repeated grinding small pul 
verizer the coffee-mill type. The coal and cinders 
pulverized laboratory ball mill until would all pass No. 
sieve. The clinker and fine ash were treated the same manner. 

The samples were then replaced their respective glass jars 
thoroughly mixed agitation. 

Proximate analyses were next made, determining 
moisture, and, addition, the volatile matter, fixed carbon, and ash 
For these determinations, the following weights material were used: 


These quantities the several materials were taken random 
directly from the jar containing the whole sample, since was found 
that practical duplication results could readily obtained without 
further reduction size quantity the sample. 

All determinations moisture were made using electric 
oven kept constant temperature about 180° fahr. The coarse 
samples were allowed remain the oven for about hours, but 
only about hours were necessary when the samples were the 
pulverized condition. The volatile matter was determined placing 
the dried material small, porcelain crucible, over three- 
flame Bunsen burner, care being taken that all the carbon deposited 
during the combustion the volatile hydro-carbon was afterward con- 
sumed the Bunsen flame. (Platinum crucibles were first used for 
this work, but some constituent the coal and cinders, which was 
later discovered tin, probably from tin cans, re-acted with the 
platinum, ruining the and their use was abandoned). 

The fixed carbon then remaining the crucible was next reduced 
ash open burning over the same Bunsen flame until loss 
weight 

The percentages the various determinations were reduced 
the basis the condition samples they were re- 
ceived the laboratory, and the garbage analyses were still further 
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modified represent the conditions the original sample before Mr. Welton. 
evaporation any its moisture, record the evaporative tests 
being sent the laboratory with each sample. 
The values were determined the Mahler bomb calorim- 
eter, which provides for the combustion the material the presence 
The tests were made using the following weights material: 


These values, obtained the actual tests, were reduced values 
per pound dry sample, original sample, and combustible, that 
order, using the corrected proximate analyses basis. These are 
the figures that appear Tables and 

There was difficulty securing satisfactory combustion, ex- 
cept the tests “fine ash” and “clinker,” which the percentage 
inert matter was high that prevented ignition the com- 
bustible portion the sample the ordinary means. these cases, 
therefore, small amount naphthaline was introduced with the 
sample start the combustion, and deduction, representing the 
value the naphthaline used, was made subsequently. 

The residue from the combustion the garbage was hard, vitreous, 
and invariably the form small globules brownish black color. 
That the coal and cinders was naturally about the same appear- 
ance the ash anthracite coal, while the rubbish left little more 
that seen with the eye than stain the combustion tray. 

the beginning the experiments, tests were made duplicate 
all samples until became evident that the differences results, 
shown the duplications, were well within the variation that 
might easily the primary selection representative samples. 
amount, these differences were generally less than the 
value the dry material. this time, also, the uniformity 
the character each class material, shown the calorific 
value per pound combustible, began noticeable, and was 
observed that this value would serve detect errors manipulation 
and computation well indicate the occasions when duplication 
was required. consequence, tests the same sample were rarely 
repeated thereafter, unless the value per pound combustible was 
some variance with the average the other tests already made. 

those who are not familiar with the calorific values the 
staple fuels, such anthracite and bituminous coals, may appear 
that great confidence should placed the results these tests 
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Mr. Welton. material which would naturally expected vary widely 


character. matter fact, the experiments have shown uni. 
formity character the material which all the more 
that was not anticipated. Indeed, now, when all the data are 
hand, the conclusion might easily drawn that the instances wher: 


the largest variations calorific values per pound combustible 


occur, this variation more likely due the difficulty 
taining representative samples from the collections than from actua! 
differences character. 

Moreover, few who have had occasion study the matter 
analyses and calorific tests coal are aware the variation fue! 
value its combustible portion what known “pure coal.” 

this respect the figures Table are interest. These 
are deduced from: 


First.—The report the coal-testing plant the United States 
Geological Survey St. Louis, 1904; 
records the Department Water Supply, 


Gas and Electricity, Mount Prospect Laboratory, New 
York City. 


The chemical analyses made Professor Peckham consisted 
organic analyses composite samples representing the collections 
the entire period, and inorganic analyses the residue from burning 
the same over Bunsen flame. They will not described 
here, but the results both series analyses have been combined 
Table 13. 

These results would have been included Mr. Fetherston’s paper, 
except for the fact that their completion was delayed pressure 
more important matters the laboratory, and they have only very re- 
cently become available. 

The same reason also accounts for the relatively large percentage 
undetermined constituents the garbage sample. 

Table also shows comparison between the calorific value the 
samples, from the chemical analyses, and determined 
the calorimeter. The correspondence believed sufficiently 
close serve general verification the entire work. The per- 
centages Table are all computed the weight dry samples 
basis. The presence, considerable amounts, volatile hydro- 
carbons the garbage and rubbish samples may noted the 
bon, shown the chemical analyses, compared with the fixed 
carbon the proximate analyses reduced dry-sample basis. 

the determination the moisture the garbage samples for 
the proximate analyses, extremely probable that some the 
lighter and more easily volatile hydro-carbons were driven off and 
computed moisture. This undoubtedly the reason why there 
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Basis. 


the basis the calo- 
rific value per pound 


the basis the calo- 
rific value per pound 


ANTHRACITE 


Department 
Water Supply, Gas 
and Electricity, 
New York City. 


AVERAGE VALUES. 


U.S. Geological Survey. 


From 
Pennsylvania, 
(56 samples). 


Percenta 
average 
value. 


Range, 
British thermal 
units. 


| 


50.0% 


From West Virginia, 
West Virginia Pennsylvania, 
only, (12 Iowa, 

(23 samples). 

Sa -On Sa 

| 
879 5.7% 83 458 23.8% 

464 10.0% 342 


(1996). 


Laboratory, Commissioners Accounts. 


Coal and cinders, Garbage, from 
Richmond, Richmond, Richmond 
(24 samples). (23 samples). 
= 
960 18.7% 220 21.5% 640 19.0% 
155 60% 4265 51% 053 
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not closer agreement between the calorific values dry samples 
garbage, from the analyses, and determined the 
calorimeter. The oxygen determined difference, and the ash 
the average the proximate analyses reduced the dry-sample basis. 


AND CINDERS, GARBAGE, AND REPRESENTING 
LECTIONS FOR THE YEAR 1905-06. 


Coal and 
Constituents. Garbage. 


Percentage weight of: 
55.77 
Tron oxide and alumina 8.98 0.41 
Lime 1,21 
Magnesia Trace. 0.28 
Phosphoric acid None. 1.47 
race. 


0.27 


Hydrogen 
Nitrogen 
Oxygen 


CALORIFIC VALUES, THERMAL 


Calculated from above analyses.......... 382 
Average calorimeter determinations. 510 


The calculations from the chemical analyses are made 


mirable form the results very careful, systematic, and thorough 
study the possibility destroying fire the mixed wastes the 
Borough Richmond manner innocuous, inoffensive, and not too 
costly. 

The need such investigation was pressing, and its value not 
merely local, because the number small communities America, 
which this problem first importance, considerable and 
growing. 

The technical question whether the mixed waste contains enough 
combustible self-burning, temperature sufficiently high 
destroy and not merely distil the volatile organic matter. Records 
show that, England and the Continent, satisfactory 
mixed municipal refuse made this way, but also known 


| 5.96 

8.41 

6.49 

2.26 

0.57 

0.10 

1.49 

0.52 

Trace. 

Alkalies and undetermined.............. 4.45 1.21 
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that abroad there less waste edible matter than the United Mr. 


States; and, therefore, before risking municipal money, 
was the part wisdom determine the theoretical fuel efficiency 
the waste Staten Island. From the character the examination 
and its Mr. Fetherston’s results may accepted with 
confidence, and also his conclusion that destructor the English 
type will burn the mixed waste the Borough Richmond effec- 
tively. True, the expense will not small; but the destruction 
matter complete and inoffensive the neighborhood, cost 
from $1.00 $1.50 per ton should not prohibitive, view 
the fact that any other method extremely 
Staten Island. 

Regarding the limits usefulness these waste destructors: 
has been proven eight months’ operation Westmount, Montreal, 
that average tons mixed waste per day can destroyed 
working cost cents per ton, and total cost cents per 
ton; therefore, population 13000 people not too small have 
the economical service destructor. 

upper limit, however, reached when considering city from 
which there enough garbage make profitable modern reduction 
plant separate the organic matter into grease and fertilizer. For 
the City New York makes satisfactory disposal ap- 
proximately 3000000 tons mixed waste per year (70% ashes, 12% 
street sweepings, 12% garbage and light refuse, weight) 
average cost cents per ton. would folly talk putting 
all this material through destructors cost cents per ton. 

Note should made fact not mentioned Mr. Fetherston, 
that the “coal and cinders” which makes 27% his total collec- 
tion, about 35% his ash collection, more than half not only 
burnable coal, but salable coal. This arises from the fact that most 
the which gets into the ash-pit undersized for the grate and 
falls through unburned and indeed unmarked the fire. The writer 
has taken from many sample tons Manhattan ashes average 
20% salable coal, from furnace size down, which about 
after being washed, was indistinguishable from coal fresh from the 
mine. This means nothing the Borough Richmond, but will 
the determining factor settling the method final disposal 
where anthracite used cities which, the same time, are large 
enough make profitable the mechanical separation the coal from 
the clinker and ashes. The process not more difficult than the con- 
centration ore, and there average profit about per ton 
recovered coal. 

the United States the advocates reduction garbage 
separating into water, grease, and fertilizer. The advocates 
dry refuse picking out its 30% salable 
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paper, rubber, etc., before they burn the remaining 70% rubbish. 
And “utilization” the keynote successful policy any large city. 
now costs New York $1250000 for the final disposition its 
municipal wastes. would cost $2250000 put all the waste 
through destructors. would cost about $200000 scientifi- 
cally and save what ought not burned buried, follows: 


Profit from utili- 
zation rubbish 


Cost. and coal. 
Garbage ........... 860000 tons (contract) 
Street sweepings.... 144000 


Ash and clinker.... 1680000 672 000 
Rubbish ........... 180000 burned 


profit..... $40 000 
recovered 


profit.. 840 000 


016 000 $880 000 


$136 000 


or, the Department Final Disposition would almost self-support- 
ing. 

Louis Am. Soc. E.—This paper gives evidence 
great deal work, and the speaker can say from personal knowledge 
that, the Borough Richmond, and along the lines described, 
there has been vast amount work which does not appear the 
paper, yet its results will certainly secure great advancement the 
art refuse disposal. 

Prior the inauguration the Greater City New York, Staten 
Island (then becoming the Borough Richmond) was occupied 
number corporate villages and great many small hamlets, the latter 
controlled the usual “township” and “county” system govern- 
ment, the incorporated portions “village” form, with more less 
intelligent management, politics determined. 

During the first four years following consolidation, little was done, 
other than get accustomed.to being part the great city. 

January 1st, 1902, under the revised charter, considerable home 
rule, and borough president character and ability, the first ad- 
vance toward real progress was made. 

Street cleaning and refuse disposal had been cared for, very 
limited extent, during the preceding four years, with small force 
men, but supervised man trained under Colonel Waring, who 
had the welfare ‘his subject heart. The speaker was called upon 
the borough president early 1902 act both professional and 
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executive capacities, and take charge the public works and main- Mr. Tribus. 


tenance bureaus the borough. was given very free rein 
betterments plan and operation, but, taking charge, in- 
that was free from politics the work itself. Richard 
Fox, formerly charge the work Richmond, noted before, 
for the Department Street Cleaning for the whole city, was placed 
charge the newly created “Bureau Street Cleaning,” which 
this time came under the President the Borough through the 
Commissioner Public Works. Fairly liberal appropriations were 
made, that, after careful plans had been laid, improvement became 
the order the day. The first step noted was the banishment 
cans and refuse receptacles from the sidewalks and streets 
far possible, all such being removed collectors from behind the 
buildings, the empty cans being then returned their places. The 
next step toward efficiency and the establishment esprit corps 
the men, was made placing them all uniform; the third 
step was employ the men continuously throughout the year, 
render service daily instead spasmodically. This, course, ap- 
plied more street cleaning, pure and simple, than refuse collec- 
tion which, formerly also, had more less regular throughout 
the year. 

After some two years’ service, Mr. Fox accepted call the City 
Chicago, show there what scientific and business methods could 
the way street cleaning and refuse disposal. 

Mr. Fetherston, member the borough engineer corps, had 
been assigned specific work connection with local scientific tests 
refuse disposal, which work gave good account him- 
self that when Mr. Fox resigned was selected take the place 
“Superintendent.” 

The paper describes very clearly the course taken, which has led 
the recommendation and the actual construction the first refuse 
destructor this type the United States. confidently hoped 
that few years this paper will supplemented one describing 
the destructor and telling its efficient operation. That, however, 
will depend largely the intelligence exhibited its management, 
for the best piece machinery may give poor results unless well 
handled. 

studying the refuse disposal question the Borough Rich- 
mond, has been necessary estimate very carefully the probable 
development this specific locality, its conditions are changing 
very rapidly year year. not improbable that, within the life 
the present generation, the whole island will practically built 
with residences, factories, stores, and valuable water-front improve- 
ments. This would mean that would impossible find places 
for the burial garbage, for maintaining ash dumps, and for any 
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the nuisance-producing plants for the destruction garbage 
low-temperature cooking. All experiments, therefore, the past six 
years have been directed toward finding process that would convert 
refuse, without nuisance, into some useful innocuous material. The 
investigations which have been made carefully Mr. Fetherston 
and others assigned the work from time time, therefore, have 
been directed specially this system; as, process elimination, 
all other systems were dismissed not suitable for the probable local 
conditions development, hence the conclusion that mixed refuse 
destruction promised more the Borough Richmond than did any 
other process; though should clearly understood that other sys- 
tems might more advantageous other communities under differ- 
ent conditions, and time may prove that even Richmond some dif- 
ferent method may evolved. view these explanations, the 
special studies, almost exclusively, have been directed toward acquiring 
information about and perfecting plans for mixed-refuse destructors, 
with the primary object collecting materials the lowest expense 
and converting them into innocuous product without causing 
nuisance the process, and seems probable that the high-tempera- 
ture system planned will accomplish the object desired. the 
present time, theory and experiment indicate that, not only will the 
material collected have sufficient fuel value itself convert into 
inoffensive slag, but that, addition, there will developed liberal 
amount heat units. 

the installation under construction, there provided boiler 
which, expected, can operated the otherwise wasted heat 
units, furnish ultimately all the power and light needed 
the plant. the results justify the expectations, probable, also, 
that the slag from the destructor will eventually ground up, and, 
with admixture cement, converted into paving blocks, which 
would have value for gutters and pavement places where traffic 
not specially heavy. That feature, however, only being considered 
for the future, the present epoch being confined what might 
called the self-destruction the refuse collected. 

success attends the operation the new plant, expected 
that, ultimately, six seven similar plants will installed other 
portions the borough, near possible the centers collection; 
with one concession, however, public sentiment, placing the de- 
structors manufacturing districts, near railroad, the water 
front, rather than residence localities. 

Mr. Fetherston’s paper covers the general phase the refuse de- 
structor, from the standpoint economy gathering garbage and 
other refuse and disposing finally. has not gone particularly 
into the reasons why prompt final disposal refuse desirable. There 
are, perhaps, three reasons why every community should take care 
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this feature urban life: First, that which appeals most popularly Mr. Tribus. 


eitizens, the removal refuse materials because they are obnoxious 
the senses and sight; second, because the keeping de- 
caying organic matters near habitations generally supposed breed 
disease; and, third, reason which should have more consideration, 
though has not been taken extensively, that, during the heat 
summer, when the house fly develops and feeds and thrives 
refuse, very prolific distributor disease. is, begin with, 
not cleanly insect, and feeds decaying matter; then, likely 
not, proceeds the nearest receptacle containing milk, for 
drink, and not infrequently bath; the combination often too much 
for the fly, and remains for few moments several hours float- 
ing around the milk, leaving very often the germs disease, 
which turn thrive very readily the milk and are taken into the 
human system. During the summer, the human system, particularly 
infaney and childhood, excellent condition for the growth 
disease germs the intestines, and the various so-called summer 
complaints ensue. While probably one yet will claim that all 
intestinal diseases are caused flies; the process elimination, 
records that have been kept certain places intelligent ob- 
servers, the fly can very fairly charged with great deal the 
The mosquito has borne its share public contumely 
dispenser yellow fever; why should not the ordinary house 
given credit for the work which undoubtedly can do, and which 
many are beginning believe does do? this the case, the 
community that promptly removes and disposes its decaying 
matters should, first, enjoy the presence lessened num- 
ber flies, and, second, lessened number cases intestinal disease. 
This subject only mentioned here one worthy fuller investiga- 
tion, rather than conclusion based upon observation. 

This whole refuse collection and disposal one very 
great interest, and field yet almost untouched the United 
States, and, prior the publication this paper, very little, much 
real value and based facts, has been printed. The speaker hopes 
that additional information will gathered, not only the Borough 
Richmond, but other places, and put the disposal this 
Society, aid this most important work. 

Norman Leask, speaker, being conversant with the 
literature this subject, and having had long experience design- 
ing and operating destructor plants, ventures the opinion that, for 
engineers, this one the most valuable papers which has ever been 
presented. the more valuable enters new field and presents 
data from which contracting engineer can design plants and guaran- 
tee results without risk failure either the contracting parties. 

pleasing note that the author has commenced with first 


Mr. Leask, 
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principles, and not some place the middle the subject, which, 
unfortunately, often done. The exact figures the paper, however, 
not apply generally, and must used with the discrimination born 
experience, due allowance being made for losses, after the manner 
set forth the problematic balance sheet, Table 

The information the paper has not been available heretofore 
such extended form; and, far the speaker aware, has not 
covered such long period, such great weight refuse. the 
same time, should remembered that inspection material 
desirable, order note any peculiarities its character, without 
which immediate success not likely result. 

When the author took the question, the conditions existing 
the Borough Richmond were practically the same those which 
have induced most cities resort destruction fire. many 
cities abroad other methods have been tried, such reduction, making 
fertilizer, and gasification for lighting and power purposes, all 
which have failed signally deal completely and satisfactory 
manner with the final disposition refuse all classes, which 
the chief desideratum. The only system final disposal which 
growing use, and now quite general, the destruction 
cleansing refuse fire, thus rendering innocuous. 

That examination existing garbage crematories the United 
States should offer hope meeting the requirements satisfactorily, 
not surprising, for such crematories can hardly termed engineer- 
ing propositions, and one doubts very much whether American engi- 
neers have had anything with their design. The principal faults 
which one recognizes garbage crematories the present are: 


the process destructive distillation, rather than 
oxidization, has been resorted to. 

2.—That apparently lower-limit temperature has been re- 
garded standard the builders such apparatus, 
although absolutely necessary maintain tem- 
perature more than 1250° fahr., order insure 
the combustion the hydro-carbons and the dissociation 
and oxidization objectionable chemical compounds. 

3.—That the usual method feeding and stoking precludes the 

possibility obtaining anything like regular tempera- 

ture the furnace, the temperature rising and falling 
with amplitude probably 800°, and sometimes fall- 
ing low atmospheric temperature. 

the high temperature usually the wrong end 
the furnace, namely, that farthest from the outlet, and 
long this remains there can hope dealing 
successfully with the material sanitary manner. At- 


tempts overcome this difficulty have been made by. 


—— 


DISCUSSION MUNICIPAL REFUSE DISPOSAL 


following the ideas Mr. Charles Jones, London, who, Mr. Leask. 


1885, introduced fume cremator between the furnace 
and the chimney. This was palliative rather than 
cure, and while succeeded reducing the nuisance 
some extent, only went half way. 

5.—Another error, certain types garbage cremators, 
made the environment the burning mass. Water- 
jacketed furnaces are absolutely unsuitable for burning 
garbage other material high hydro-carbons. 
such furnace, flame sooner generated than 
extinguished absorption, due contact with cold sur- 
faces, radiation. one would think hatching 
eggs out ice box. 

6.—Finally, restrictions the amount organic matter re- 
maining the ash after cremation not seem 
imposed upon the builders such apparatus, nor have 
such apparatus succeeded satisfactorily eliminating 
the organic matter from the ash. 


Table likely give very erroneous impression the 
quality the refuse collected Great Britain. That the author 
does not rely the figures given this table, quite apparent. His 
estimates the character the refuse various cities, given 
Table 10, prove that the conditions the plants visited did not 
correspond with the figures this table. Hutton’s figures the 
coal, coke, breeze, and cinder are much too high, 
even for mid-winter. Mr. Codrington’s figures appear much 
nearer the actual conditions, while those Mr. Russell, giv- 
ing 64.53% for coal, coke, breeze and cinder, are not justified the 
results which has obtained the Shoreditch plant, the operation 
which The figures for Torquay appear inverted, and, 
inverted, would more fairly represent the conditions existing 
town and similar towns along the south coast England and 
suburban districts. 

That there marked similarity between the refuse collected 
Great Britain and that collected New York undoubted, and the 
difference relates more character than calorific value. The 
speaker agrees with the author that there probably more moisture 
refuse, collected Great Britain, than refuse collected the 
Borough Richmond, but different form. the Borough 
Richmond the moisture principally contained the garbage, 
while Great Britain the ash, rule, contains quite large per- 
centage water, and must remembered that, this form, 


more easily attacked than when carried the structure material 
such garbage. 


Mr. Leask. 
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There similarity, also, between the refuse collected many 
cities the Continent Europe and that collected the United 
States. has been stated that the refuse collected Berlin has 
value about 2000 u., while Frankfort has 
value 4350 u.; the refuse collected Vienna 
stated contain about 3000 u., and that Kiel somewhat less. 
The refuse collected Paris has been analyzed frequently, and has 
been variously stated contain from 600 400 calories. 

should noted that the chemical analysis the refuse Kings 
Norton was made refuse collected winter. the spring, three 
years later, another analysis was made, and the refuse was found 
contain 4300 summer, however, the calorific value could 
not much more than 000 

might interesting give the calorific value applied various 
classes refuse German scientists, order that comparison may 
made between that part Table devoted that subject and 
the values ascertained Mr. Welton: 


Vegetable matter ... 2165 
“ 


will seen that the value vegetable matter corre- 
sponds very closely with Mr. Welton’s figures, while that for coal, coke, 
somewhat higher, and that for-rubbish (composed paper, 
wood, rags, etc.) appreciably lower. 

order make comparison the refuse collected the Bor- 
ough Richmond and that collected the London residential dis- 
trict, containing some stores, and suburb one the large 
provincial towns, the speaker’s firm, the courtesy the city en- 
gineers, made number analyses the refuse collected the 
Metropolitan Borough Stoke Newington and Kings Norton, near 
Birmingham. This refuse was sorted hand into four classes: 


1.—Garbage; 
2.—Coal, coke, cinders and fine dust, including fine inseparable 
vegetable matter; 


3.—Rubbish; 
incombustible matter, such tin, bottles, etc. 


These analyses were made period corresponding the critical 
month Richmond, that is, September and early October. The volume 


Sawdust 
Straw ............. 5400 
Coal, coke ......... 9380 
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the refuse Stoke Newington worked out about cu. yd. per Mr. Leask. 


ton 2240 and contained average: 34.43% garbage, 
42.92% coal, fine dust, 15.4% rubbish, and 7.35% glass, 
metals, ete. The refuse had averaged cu. yd. the ton for about 
fve months, and presented somewhat similar characteristics during 
this period. Kings Norton the refuse had volume about 3.75 
cu. yd. per ton, and 39.5% garbage, 45.4% coal, fine dust, 
93% rubbish, and 5.2% glass, metals, Taking September alone, 
there was garbage, 38.80% coal, coke, 7.73% rubbish, 
glass, from which can seen that the percentage 
even higher than that collected the Borough Richmond 
for that month. not suggested that the foregoing figures are ab- 
solutely but merely the result honest endeavor ascer- 
the make-up the refuse. The results obtained with the refuse 
Kings Norton agree very well with the balance sheet, shown 
Table evaporation and combustion-chamber temperature. 
September the evaporation was somewhat higher than that 
the balance sheet, that is, more than 1.25, actual, ordinary work, and 
the average temperature the combustion chamber about 150° higher. 
The speaker’s make-up balance sheet would differ slightly that 
the radiation loss would not high, while there would some- 
what lower percentage unburned carbon the clinker and ashes, 
but probably greater loss moisture chimney gases. the 
average combustion-chamber temperature and evaporation winter 
and spring are considerably higher than the foregoing, can seen 
that, British refuse, well that under discussion, there 
considerable seasonable variation. 

The practical tests, given Table demonstrate clearly that 
the material burnable, and the results obtained are such might 
expected when burning material such furnace, and pre- 
elude all doubt obtaining satisfactory temperatures with prop- 
erly regulated and heated air supply. 

Based the results obtained with summer refuse England, 
Messrs. Heenan and Froude, Ltd., Manchester, who have been en- 
trusted with the plant for New York City, specially designed and 
erected plant Vancouver, This plant has certain de- 
partures from their standard type. now successful operation, 
the refuse collected that city, destroying more than 
tons per hours, suitable temperatures, without the aid 
supplementary fuel, and with excellent residual. The refuse burned 
very poor quality, due the presence considerable quantities 
wood-ash and moisture. The difficulties obtaining high tem- 
peratures with this material have been overcome checking the 
quantity and increasing the temperature the air supply. Figures 
detail the results are not yet hand, therefore they cannot 


Mr. Leask. given here. The cost destruction 36.1 cents per ton, includ- 
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ing the salaries two engineers who look after the pump, boiler, fan, 
During the first week the plant was put operation, sur- 
passed the guaranty, which unusual—the men being 
better results may expected the course time. 

The utilization the steam and clinker resulting from the de- 
struction refuse means the only offset the cost burn- 
ing. The most important offset the reduction the cost collec- 
tion, for modern plant may placed the center city 
residential quarter without fear nuisance the 
This means great reduction the cost collection and 
Numerous instances can cited supporting this: the 
Borough Stoke Newington, previously mentioned, two 45-ton units, 
each with 200-h.p. boiler and the appurtenances thereto, clinker- 
crushing and screening plant, has been erected the middle 
Borough, the rear the Town Hall, and surrounded all sides 
three and four-story dwellings good class. Notwithstanding 
the fact that the interest and sinking fund the capital outlay, the 
repairs, maintenance, and labor charges have added the 
disposal, the cost collection, transport, and final disposal now 
lower than was prior the erection the plant, and this spit 
the fact that, yet, use has been made the steam generated. 
which equivalent about 175 k.w. per hour from one unit; also 
exclusive the sale clinker, which has been contracted for 
profitable basis. The same conditions apply Woodgreen, London, 
where the plant also critically located, and Rathmines, Dublin, 
where saving coal $2000 per year (in addition the saving 
cost collection and transport) has been made, and where, the 
past, the power has been utilized without relying storage batteries. 
Now that storage batteries have been installed, the saving coal, 
shown the working during the past few months, will more than 
000 per anum. This the more remarkable the quantity ref- 
use handled less than tons per day. 

Table gives the average temperature which may 
the combustion chamber various seasons; gives idea, however, 
the lowest temperature which may occur. When burning Septem- 
ber refuse the standard British furnace with air heated to, say, 
250° fahr., the lowest temperature would near, not actually be- 
low, the limit 1250°, momentarily. insure the temperature 
always being above this lower figure, absolutely necessary in- 
crease the temperature the preheated air, tontrol the air supply 
very carefully, and, further, increase temporarily the temperature 
the air entering the furnace immediately after fresh charge. 
Fortunately, this can effected taking the heat out the clinker, 
just withdrawn from the grate, prior charging. All these points 
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have been given special attention the case the plant for New mr. Leask. 
York City. 

British destructors have been designed accordance with the 
principles mentioned the author, but has been progressive 
steps, and after many failures. The various steps the concep- 
and improvement refuse furnaces, made England, may 
traced follows: 


1.—The attempt burn refuse under shell boilers; 

building fire-brick lined furnace, Dutch oven, 
operated natural draft; 

3.—The introduction the fume cremator; 

abandonment the fume cremator and the introduc- 
tion forced draft; 

5.—The preheating the air supply; 

6.—The use continuous furnace chamber, 

number grates with divided ash-pits; 

ventilation the building; 

8.—Methods handling the clinker and recovering the heat 
contained it. 


With regard the cost operation, possible, with large 
plant, reduce the labor charge, part the work being effected 
mechanical means. must remembered, however, that the feeding 
the furnace only one three operations necessary the work- 
ing the plant: there the introduction material into 
the furnace, which may done mechanically; the other two, which, 
however, not appear susceptible mechanical operation, are 
the stoking and spreading and the final cleaning out the mineral 
residual from the grate. 

The speaker’s firm has attempted solve this problem, and after 
many failures has devising machine which will 
handle all classes refuse and will feed the refuse any desired 
quantity. Extended trials such apparatus have been made 
one plant, and will soon installed some city. The system 
adopted for charging depends the gravity the material 
dealt with and the size the plant. 

The speaker has had the opportunity examining the refuse 
number large cities the United States, and strongly the 
opinion that the combined refuse most cities can destroyed 
fire suitable temperatures, without the aid supplementary fuel. 

This brings another phase the question which 
mentioned Mr. Fetherston, namely, the collection the refuse. 
The adoption system single collection refuse, combining 
the ashes, rubbish, and garbage, cannot urged too strongly. 
impossible get complete satisfactory separation. question 
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public health, rather than profit. The single collection costs less 
make. The mixing the refuse retards decomposition, the ashes 
acting deodorant absorption, and provides wherewithal 
calories cleanse the mass its impurities, and, when burned, leaves 
marketable residual the form clinker. advantage taken 
the heat generated combustion (and here should noted 
that, whatever the material may be, when burned suitable 
temperatures there always utilizable heat), there placed the 
disposal the authorities another valuable residual the form 
steam, the best uses for which are those giving large load factor, 
such pumping—sewage water—or electric traction. Lighting 
alone not satisfactory outlet. The question collection and dis- 
posal refuse the United States to-day appears the state 
that was older countries some years ago, that is, the hands 
contractors. has been abundantly demonstrated that the only satis- 
factory method for the municipalities themselves undertake it. 
Where this has been done, and where refuse destructors form part 
the scheme, has been followed noticeable decrease the 
death rate. Why should not one the richest countries the world 
forsake the problematical gain arising from reduction, and regard the 
question from purely public health standpoint, has been done 
older countries, even backward Russia? 

The whole question purely one combustion, and, generally 
speaking—provided the moisture contained the material not ex- 
cessive—refuse containing 2000 per will cleanse itself. 

The great difference between the combustion problem applied 
coal and refuse this: When dealing with coal one has materia! 
which comparatively low ash and requires about 
air per lb. burn practical and satisfactory manner, whereas 
refuse high ash, and the air required only from per 
lb. The difficulty, therefore, find small quantity carbon 
large bulk, with the minimum quantity air. effect this 
one must look the distribution and the temperature the air sup- 
plied, the intensity the draft, and the environment the burning 
mass. is, therefore, wholly engineering proposition. 

The speaker must again congratulate the author the service 
has rendered engineering science general and contracting engi- 
neers particular. 
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Guy Am. Soc. E.—Had the McGraw Building mr. waite. 


been designed ten years ago, would not have been built reinforced 
Few engineers that time had sufficient confidence 
undertake the experiment, and the local building laws did not permit 
it. Even more recently than this, nearly every important architect 
the vicinity would have refused listen argument for using 
conerete building which there was heavy vibration, 
was only considered fit for light, cheap buildings. 

that time, even engineers were afraid speak favor con- 
crete for general building purposes, for fear becoming unpopular. 
One who dared engage concrete building construction had en- 
dure the humiliation seeing some his former friends pass quietly 
the opposite side the street when they saw him, order avoid 
meeting one who was engaged immoral business, and who was 
just escaping the meshes the law. The change public opinion, 
with regard reinforced concrete, has been brought about purely 
the merits the construction. 

About ten years ago the Building Department New York City 
inaugurated standard tests for concrete constructions used for 
fire-proof floors. All constructions for floors had submitted 
4-hour fire test, average temperature 1700° fahr. They 
were loaded with 150 Ib. per sq. ft. full-sized floor not less 
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Mr. Waite. than ft. long. Immediately following the fire—the material being 


still red-hot—a regulation stream cold water was thrown 
the construction, with pressure lb. per sq. in., for min. 
The construction was then withstand distributed load 600 
per sq. ft. 

During the five years following the inauguration this test, about 
twenty-five concrete constructions withstood successfully. this 
time some the public had been convinced that concrete possessed 
merits, fire-proof material, but did not dare speak out; while 
others feared that had some merits, and set out kill it. Quite 
successful obstacles were placed its way, the Board Insur- 
ance Underwriters, who fined it; codes law, which practically 
ruled out; labor unions, who dictated whom and how should 
made; and politicians, whose interests were generally other 
directions. 

Interest was finally awakened the favorable showing made 
concrete some the great fires which few honest reports were 
made eminent engineers, and since that time concrete constructions 
have gained rapidly popularity. 

was only about four years ago that the speaker secured, from 
the Department Buildings New York City, the first permit ever 
granted the Borough Manhattan for concrete building, in- 
cluding concrete wall construction. All who are interested the 
advancement reinforced concrete must feel indebted Professor 
Burr for giving his name and influence this cause. 

The McGraw Building was undoubtedly made reinforced con- 
crete because offered the best construction withstand the 
peculiarly heavy work printing house; and because gave the 
safest fire risk. The National Board Fire Underwriters, some two 
years ago, recommended minimum rate insurance similar con- 
structions, and, from recent inquiry the Local Board Fire Un- 
derwriters, learned that even this august body has last reached 
point where similar action under consideration. 

fire risk, concrete structures offer the best possible invest- 
ment, either for individuals carry their own risks, for insurance 
associations make specialty these constructions. Such under- 
takings would the safest and most profitable kind insurance 
ventures. 

Concrete superior burned clay, not because more fire- 
proof, but account its superior elasticity under the stress due 
fire and water. Some years ago the speaker constructed, entirely 
cinder concrete, test house, ft. and about ft. high, with 
walls in. thick, and with ceiling only in. thick. various 
tests conducted the Department Buildings that house the 
ceiling was submitted four separate series fire tests. 
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1.—CINDER CONCRETE TEST AFTER FOURTH FIRE 


AFTER 
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When this structure was torn down, make way for dock im- Waite. 


this ceiling was examined engineer from the 
Department Buildings New York City, and Professor Wool- 
Columbia University, and was found good condition, 
fire having affected scarcely in. its under side, and this was 
the first fire. 

While reinforced concrete has been demonstrated superior 
many respects other forms fire-proof construction, has 
its way the front principally account the economy 
effected. 

The parts building which best adapted must deter- 
nined largely the engineer’s experience. Sometimes this experi- 
ence paid for very dearly, and forms secret chapter his 

Local conditions often alter circumstances such extent that 
kind construction which might erected one locality 
profit would become loss another locality short distance away. 

the relative prices built steelwork and concrete per unit 
are about and the relative working capacities 
other things being the same, the more concrete substituted for 
compression, the greater the economy. 

Where heavy loads are carried, concrete will found highly 
advantageous; conversely, where small loads are carried, will have 
little advantage. Keeping this fact view, one would expect find 
the greatest economy using concrete for column supports and floor 
heavier the construction, the greater the economy. 

The great barrier using concrete for columns the impractical 
size necessary when more than few stories are required. Leaving 
others the discussion the rationality the combination con- 
crete and steel the columns the McGraw Building, the speaker 
considers this form construction superior anything heretofore 
done columns. 

The column reduced reasonable size, and made safe 
against accidents. The positive dead loads from the building are 
carried positive steel supports, while the doubtful superimposed 
floor loads are adequately provided for the more questionable form 
concrete reinforcement. 

The certainties are balanced one against the other, and the un- 
certainties are also brought face each other. Although columns 
this form are not directly the cheapest, the speaker believes them 
the most economical, all things considered. Columns this form 
are adapted much speedier erection than the cheaper reinforced 
conerete, and are absolutely safe during erection; they also allow 
good monolithic connection the column with the floor that 
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Mr. Waite, obtained other reinforced forms. The column forms, with the steel 


guide, cost less than where they are made independent struc- 
tures. 

pointed out the author, the construction the forms 
probably the greatest problem the practical construction rein- 
forced concrete. Almost every beginner this field has arrogant 
confidence his ability eclipse everything previously done the 
way perfect centering. only necessary watch such one 
and see second scheme his second job, third scheme his third 
job, and on, until becomes meek plodder along the tow-path 
experience. 

discrimination should made between centers forms de- 
signed for building, and building designed for the forms. Forms 
made fit special building may cost several times much those 
with which standard building might made. The cost center- 
ings may reduced about proportion the standardization 
the building. Many useful schemes for systematizing the general 
construction centerings have been invented, and many these 
have simplified the problem that the main cost taking down 
and putting the forms. 

Most these centering schemes are used for rough concrete work, 
where the surface plastered afterward; but when finished sur- 
faces are produced, the cost centers more than doubled. 
the mechanic trained finished-center work told make rough 
standard centers, will spend nearly hours carefully getting 
ready work which would take the other man hour; conversely, 
the rapid standard-center man put perfect-center work, would 
hour what would take the perfect-center man about hours 
undo and over again. False conceptions and misrepresentations 
the part competitors concrete work have led them into bitter 
warfare presenting owners with what they term “finished surface” 
free cost. not possible conceive method trying uni- 
formly rough surfaces instead uniformly smooth surfaces, 
help toward solving the problem 

The indirect method may used cheapen centers, that is, con- 
structions may used which not require the expensive centering 
necessary ordinary forms concrete. such construc- 
tions not advance the total cost increases other directions, 
there will net saving. evident, the forms centers for 
ordinary reinforced concrete must sufficiently heavy maintain 
perfectly independent structure under the tendency warp and 
deflect, due the fact that they are alternately wet and dry, and also 
account the heavy load the Where steel skeleton (such 
the columns the McGraw maintains the construc- 
tion lines, one may use for centers material which much lighter, and 
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more easily worked and handled than with ordinary reinforced con- Mr. Waite. 
crete. 

The author does not describe the wall construction this build- 
ing, but the speaker believes some form reinforced con- 
‘rete. wall construction, the conditions are very different from 
ither column floor construction. both columns and floors, con- 
rete makes saving steel, but, wall construction, this element 
saving does not enter. Further, monolithic wall construction 
forms must kept plumb, but floors only one form re- 
and gravity helps hold this place. The speaker, with the 
‘ery best assistants, after finishing several buildings having com- 
wall construction averaging in. thick, concluded that 
eost the concrete such wall construction was small con- 
equence and could safely neglected totaling the entire cost 
the wall. factory construction, where there are practically 
walls except panels under windows, such difficulties are en- 
countered dead wall construction. 

Nothing stated definitely the author concerning the character 
the steel used the floor construction, other than that round rods 
were used. The kind bars and the character the steel them 
command great deal attention present. The only 
that can drawn from the claims the big 
deformers (with increased capacities for each new deforma- 
tion their rods) that they are developing the art toward state 
where (according claims) practically nothing but bond and grip 
will required, and steel for tension, now designed, will be- 
come little consequence. 

referring some recent constructions which the speaker has 
executed, the only excuse has offer for doing that such 
improvements have come after quite lengthy experience general 
steel and reinforced concrete construction, and, being product 
natural evolution, they belong the general scheme development 
toward something higher. The speaker’s experiences.have been unlike 
those many engaged reinforced concrete construction, because, 
most eases, has had contend with the conditions existing 
crowded parts large cities, where space for storing materials and 
performing work extremely limited, and where great rapidity 
erection necessary; and, account the extra height build- 
ings, safe construction must considered. 

Having been fundamentally trained steel construction, followed 
the fire-proofing the steel; and subsequently having pursued 
general concrete construction, the speaker was forced 
consider the merits and demerits the combinations these three 


factors building construction for the conditions found large 
cities. 


Mr. Waite. 
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The safety and the speed steel construction were apparent, and 
the advantages the use concrete for the protection 
proofing steel were well demonstrated. Then followed the combina- 
tion steel with concrete (formerly used for fire-proofing), and this 
developed into system which possessed all the merits the 
skeleton construction and the advantages reinforced concrete. 
this system (known System “M,” its order with other systems) 
there required only from 40% the steel necessary for the con- 
ditions which the steel does all the work. The concrete—which 
must used for fire-proofing—is made the remainder. The 
light steel frame run ahead the concrete, the usual manner 
for steel frames, and made strong enough take all tensional and 
shearing stresses the subsequently reinforced construction formed 
the steel and concrete. The combination forms truly reinforced 
structure. 

Work can done several stories simultaneously, other 
steel construction. The necessary forms are simplified, compared 
with those required most reinforced concrete constructions, ac- 
count the assistance given the steel frame. Within the last two 
years, some twenty buildings the vicinity New York City have 
been constructed this system. 

From January April, 1907, while the McGraw Building was 
being erected, three buildings that vicinity were constructed 
which the floors were this form construction, namely: 
Bonwit Teller Building,* and West Thirty-fourth Street. 
shown Fig. Plate III; the Salvation Army 53° 
and 537 West Forty-eighth Street, shown Fig. Plate and 
Strack Building, 214 and 220 West Twenty-third Street. 

these buildings steel columns carry the entire loads, but, 
conditions permit, light steel frame, similar the construction used 
the McGraw Building, carries the dead floor loads. 

The general form the steel this combined column construc- 
tion shown Fig. made channels similar section: 
disposed centrally with respect floor beams and girders, and th: 
separate steel members are connected the corners. The speaker 
has found this give very simple and effective steel skeleton which, 
believes, affords ample means for the proper combination the 
steel and concrete. 

Some months ago, building garage for the use his family, 
Whitestone, Long Island, the speaker concluded make the entire 
reinforced concrete order demonstrate the economy 
new form construction suitable for small number laborers. 
building ft. long and ft. wide, and has two stories, 
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attic. The walls consist series reinforced mr. Waite. 


spaced ft. apart between centers. Between these buttresses, 
and erected simultaneously with them, there are concrete blocks, in. 
thick and in. wide. the lower story the blocks are flush with 
the outside the pilasters, and the second story they are kept back 
from the front give the effect shown the photograph, Plate IV. 


SYSTEM COLUMN 


The floors were reinforced with steel beams, resting the 
pilasters, and having shear bars extending from holes the webs 
the beams. One handy man and two laborers constructed the 


foundations and all the walls and floors about weeks. The walls 


were run several feet above the second floor order make 
full story the attic. 


Am. Soc. E.—The speaker’s connection with mr. 


the Building, supervisory capacity, during the major 
portion its design and construction makes Professor Burr’s descrip- 
tion special interest him. few particulars, that description 
may somewhat amplified, for the sake noting additional points 
interest. 

The power plant for the building located sub-basement 
situated the southwest corner. Consequently, the columns that 
portion the building are somewhat longer than the others and ex- 
ceed the dimensions given the paper 124 ft., making the length 


Ir. Goodrich. the longest column 172 ft. may also interest note that 


the “reinforcement” the first length one these columns weighed 
050 Ib. 

The windows the sides and rear the building are wire-glass 
metal frames, that practically the only possible additional device 
which could added give security against fire, would com- 
plete automatic sprinkler system. consequence, the McGraw Build- 
ing one the best the city, far insurance conditions are 
involved, and carries very low rate for both the building and the 
contents. 

The column spacing was determined primarily the dimensions 
modern printing presses, nearly half score which are now 
operation several the upper floors the building. This fact 
brought about the use rectangular floor bays, while more nearly 
square arrangement would have been slightly more economical, had 
been possible design the building that way. 

the several new features the building, course, the column 
design the most unusual. While the whole arrangement, finally 
worked out, proved highly satisfactory, from construction point 
view, may open some adverse criticism, from solely economic 
standpoint. shown Mr. Douglas, design for purely structural 
columns would have cost less money, and Mr. Stern suggests that, even 
when fire-proofed, such columns would have been smaller than those 
used. Plenty evidence has been adduced from the San Francisco 
conflagration show that comparison can made between struc- 
tural columns, however. well “fire-proofed” the usual manner, and 
such columns are used the McGraw Building. comparison 
fair unless this superiority resist fire capitalized. the 
other hand, columns the Considére type likewise possess this good 
quality, their principal drawback, under such conditions, being their 
size. may interest state that, early the history the 
design this building, the speaker caused prepared typical 
column the Considére type, based the accepted stress require- 
ments the New York City, Manhattan Borough, Building Regula- 
tions that time. The columns, course, were circular section, 
with diameter case greater than the diagonal the corre- 
sponding square column the Burr type, finally used. The estimated 
cost the Considére column, conservative basis, showed ap- 
parent saving its favor approximately $10000 for the whole 
building. 

Two other small objections the Burr column were also discovered, 
which were almost entirely obviated during the progress the work, 
and could entirely remedied future designs. The wide faces 
the angles the lower stories, and the wider expanses some the 
splice-plates, made necessary special wrapping wire wire lath 
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hold the fire-proofing concrete place; and the extreme rigidity Mr. Goodrich. 


the column steel, made necessary much more careful adjustment 
the forms than usually required for reinforced concrete build- 
ings. most the less rigid reinforcing rods are given slight 
which not affect their efficiency seriously, and are 
thus made accommodate themselves small variations the spac- 
the forms, and thereby save some labor cost. This latter possi- 
bie defect the rigid may even considered real 
virtue, the eyes some people. 

The speaker aware really very few reliable tests reinforced 
columns, and none which possessed anything like the per- 
centage longitudinal steel found those the McGraw Building. 
Some time ago, the speaker arranged for series tests specimens 
designed after the Burr type, and practically full size, but, un- 
fortunately, the results have not yet been secured. this, well 
note fact which Professor Morsch, Zurich, calls attention, 
his that the efficiency longitudinal rod rein- 
decreases with the increase the percentage used, least 
4%, and that one knows how larger amounts will act. 
thus incumbent upon designers exercise great care selecting 
working stresses for concrete columns possessing considerable longi- 
tudinal steel, the field absolutely unknown the present time, 
and some serious trouble may result for inexperienced designers who 
follow rules blindly. 

Another point noted the fact that most experimenters 
columns have concluded that the concrete appears carry 
much the larger percentage the load until has reached stress 
far above the usual allowable working one, when the steel comes into 
more pronounced action. course, this conclusion based com- 
putations involving assumed modulus elasticity the steel and 
the observed stresses and strains the column. The distribution 
stress, above described, probably due the fact that the stress- 
strain curve for concrete not straight line, thus demonstrating the 
existence variable modulus elasticity. From these facts, 
might seem more rational reverse the condition the dead 
and live load carrying capacities the steel and concrete the Burr 
column, and require the concrete, say 750 lb. unit stress, carry 
all the dead load and then add enough steel structural form, 
desired, carry the total reduced live loads. 

Another item design the McGraw Building which special 
attention was paid, was the connection between the reinforcing rods 
and the column steel. This was worked out effectively that the 
steel erectors the columns often attached, any convenient point 
the beam reinforcement, one end the turnbuckle which they used 
for plumbing the column sections. other reinforced concrete 
building within the speaker’s knowledge could this be.done. 


Mr. Goodrich. 
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With such rigidity column steel and its firm connection 
the beam rods, the best method beam design would seem tha: 
cantilevers continuous beams throughout, instead simply sup- 


ported members. Such arrangement the steel 
beam has the following advantages: 


Maximum shears occur points where maximum moments are 
found, and, consequence, where most steel placed. 

Not much steel found near the bottoms beams, where 
would exposed the most trying effects fire. 

Such method design obviates the tendency sharp 
tions near the supports, with the resulting probability 
the occurrence cracks points where the shear the 
greatest. 

Such design gives most resistance against the type failure 
observed impact experiments. 

There also less likelihood the displacement reinforcement, 


because view during the greater part the 
concreting. 


All beams and girders throughout the McGraw Building were de- 
signed fully continuous, restrained, even where supported the 
outside columns and walls. The drawings show twice much 
over the supports the centers the spans, and, since the factor 
used connection with the moment the latter point according 
the requirements the Building Code, the factor for the supports 
only Thus seen that, when compared with and 
the theoretically correct values, more than twice much beam and 
girder reinforcement was used theory would dictate. This extra 
material was used literal compliance with the anomalous wording 
the New York Building Code. comparison this building with 
numerous others has led the speaker the conclusion that the re- 
quirements therein contained are rarely complied with literally, and 
that this faulty requirement the code has been the real cause 
much poor work. 

the speaker, reason apparent for using, over points 
support, more steel than enough satisfy the theoretical moment 
formula, with coefficient When that amount used that 
way, only half much, course, theoretically necessary the 
lower part beam its center, while the building requirements 
even more than needed the upper part the beam over support. 
slight argument may advanced for using much 
below above, the two locations, from the fact that eccentrically 
placed partial loads continuous members resting perfectly mov- 
able supports, subject the members maximum positive and negative 
moments which are much larger than those produced continuous 
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usually considered. This fact has often led the speaker Mr. Goodrich. 
partial concession the older ideas design, and 
equal amounts steel over the supports and the centers 
determining this quantity the coefficient, This distri- 
ation allows economical design for, and method handling, 
rods; meets practically all the requirements partial loads, 
and, the center the spans, uses within 20% the quantity 
‘eel required the New York Building Code, with 100% better dis- 
ribution, far prevention cracks concerned. 

flec- The reinforced concrete beams and girders monolithic con- 
building are not beams and girders all, the sense the 
the wooden and steel ones the older types structures, which simply 
rest brackets and have ample opportunity for motion each joint. 
eracks have formed, the concrete beams are really extended 
brackets the columns and other members, and should designed 


are 


lure 


such. The early workers with reinforced concrete were influenced 
too largely the old type structure, and few designers have even 
yet grown into the true spirit the newer material. 
Thus has transpired that the McGraw Building has floor con- 
the struction which rated far below its true safe carrying capacity. 
Were any floor loaded failure, the latter would probably take place 
shear, rather diagonal tension. relation this, however, 
must stated that the speaker never has understood why those 
actual charge the design the reinforcement (other than the 
author the paper), invariably used odd number rods resist 
tension. doing impossible bend upward the same number 
rods each end beam assist resisting shear, so-called. 
Thus, five rods might used given case for tension reinforce- 
with ment. Three could bent upward one end, but then practicable 
bend only two the opposite end the adjoining beam without 
causing congestion steel over the support. the two bent rods 
were just sufficient assist the shear, the three rods the other end 
would give 50% better efficiency that end; and 20% more resistance 
would have been secured the weaker end using six rods 
smaller individual (but aggregating the same total) area, and bending 
three rods each end. 
The floor forms were designed with especial care. They were 
collapsible type, and were erected exceptionally substantial 
erect the structural work the columns, The determination, after- 
ward made, use the central tower for erection purposes, rendered 
this special reason for heavy forms unnecessary, but their value was 
repeatedly shown for other reasons, and the speaker decidedly the 
opinion that little extra material excess that sometimes seen, 


real economic advantage. The forms were designed Mr. 
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Goodrich. Ellendt, and were all built special shop, hauled the building 
site trucks, and the whole truck-load hoisted the central 
single operation and set practically place. The speed 
attained erecting the building, shows how well the form work 
prepared and carried on, because that work the crucial part 
erection all concrete work. Matched and dressed material was 
throughout, always well coated with oil, obviate the 
special surface finish possible. However, the rapid and 
use this material during the winter soon disclosed the fact, 
truth which has always been held the speaker, that would 
necessary plaster the building, was given character 
par with the average office structure. 

plans the forms are included the paper, although 
them appears one point. 

the speaker’s opinion, the tower used the erection this 
building was really factor large economy. For instance, all con- 
crete was hoisted each floor buckets dropped through the elevator 
shafts the mixers, which were the basement and placed 
dump directly into the buckets they rested. The booms swung the 
buckets that they could dumped exactly the desired points, 
thus obviating the use other hoists, hoppers, wheel-barrows, runways, 
This method proved effective that very often the cost all 
labor concrete for considerable quantities would not exceed cents 
per cu. yd. 

The speaker certainly would repeat the use that special con- 
trivance similar operation, except that would stiffen the struc- 
ture somewhat greater extent, and would use 12-in. timbers 
for corner posts instead the 10-in. posts used this instance. 
The tower structure also served storage space, and was 
inestimable value this respect, because the congested portion 
the city which the building stands. 

During cold weather, besides making use the salamanders, 
described the author, the concrete was mixed with hot water and 
all aggregates were heated prevent frozen lumps from getting 
into the work. one operation with which the speaker was con- 
nected once removed lump frozen sand from column 
which would have occupied about 15% the total area. The 
necessity heating the aggregate obvious, since, even when boiling 
water thrown into the mixer, has such speed operation that not 
enough time elapses thaw frozen masses and get them properly 
distributed, before the mixing process complete. 

With the methods used the McGraw Building, even the 
coldest weather, the concrete would reach the point deposit 
temperature ranging from 75° fahr., and would have attained 
its initial set while its temperature was still warm the touch. The 


maintained temperature the dead air spaces between Mr. Goodrich. 


the beams, which often reached 100° fahr., and seldom fell below 
60°, even zero weather. 

course, the special interest this paper centers around the type 
The speaker feels that, even the present time, the de- 
room, and this said even after personally making large number 
tests, and after carefully analyzing nearly hundred others. 
earefully designed, and when proper relation exists between the 
longitudinal and spiral steel, the speaker considers Considére column 
practicable for reasonably high with comparatively 
light floor loads; but, for more lofty structures, the opinion gain- 
ing strength, the speaker’s mind, that regular structural steel 
column should used, connection with reinforced concrete girders, 
beams, and floors, desired. This structural column, however, should 
some open design, and should completely filled with con- 
crete and surrounded fire-proofing least in. thick over all 
extreme edges. Such composite building will more economical 
than any other, yearly carrying charges, including interest first 
cost, insurance, maintenance, heat, and correspondingly larger 
income can derived therefrom. 
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MEMOIRS DECEASED MEMBERS. 


Memoirs will reproduced the volumes Transactions. Any 
which will amplify the records here printed, correct any errors, should forwarded 
the Secretary prior the final publication. 


NATHANIEL HENRY HUTTON,* Am. 


Diep May 1907. 

Nathaniel Henry Hutton was born November 16th, 1833, 
Washington, C., and died Baltimore, Maryland, May 8th, 
1907. His earliest ancestor the United States whom there any 
record, John Strangeways Hutton, was born New York City 
and died Philadelphia 1792. His father was James Hutton, wh» 
married Salome Rich Boston, Mass., Washington, 

Following the example his elder brother, the late William 
Hutton, Am. Soc. E., “Harry” (as was familiarly called 
those who knew him well) entered the service the United States 
early age, adopting the profession civil engineering. Neither 
the advantage collegiate education, but they did have the 
fortune grow under the thorough training those days, the 
specially excellent schools Alexandria and Washington, taught 
men like Ben Hallowell, Abbot and others. They made good use 
those early opportunities, and industry, faithful attention duty, 
and continual study the theory engineering and the works able 
engineers, their own experience and unusual natural talents enabled 
them pass through the lower grades the profession with credit 
themselves, and with the respect and ever-increasing confidence their 
superiors their integrity and high tone, until they had come rank 
well among the engineers their period the special lines which 
their attention was called. 

Mr. Hutton’s work surveyor and engineer, 1896, may 
summarized briefly follows: 

was Assistant Engineer explorations and surveys for 
the Pacific Railroad west the Missouri River, the 32d and 35th 
Parallels, from 1853 1856, inclusive; Chief Engineer the Paso 
and Fort Yuma wagon road (Department Interior) during 1857 and 
1858; Surveyor the western boundary Minnesota (Department 
Interior) during 1859 and 1860; Assistant Engineer the de- 
fenses Baltimore from 1861 1865; Assistant Engineer 
charge the improvement the River from 1867 1876, 
and the Western division the Virginia Central Water Line (sur- 
vey 1874 and from 1876 until his death was Engineer the 
Harbor Board Baltimore; was also Assistant Engineer 
charge surveys for ship canal connect the Chesapeake and Dela- 
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ware Bays during 1878 and 1879; Consulting Engineer for project for 
ship canal between Philadelphia and the Atlantic Ocean 1894 and 
1895; and Consulting Engineer for projected ship canal connect 
Lake Erie and the Ohio River 1895 and 1896. 

For many years previous 1896, and the time his death, 
Mr. Hutton had been Chief Engineer the Harbor Board the City 
Baltimore. That held this office many years, during the admin- 
istrations mayors and councils opposing political parties, proof 
that his services were considered valuable almost indispen- 
sable. Later, became President the Harbor Board, well 
Chief Engineer. 

The following tribute from the Harbor Board shows the high esteem 
which was held his associates, and may said with truth 
that this was the sentiment the business men Baltimore who were 
best acquainted with his work and ability: 


“The death Major Nathaniel Hutton, Engineer the Harbor 
Board Baltimore City, comes time and under conditions which 
cause especially deep feelings sorrow and regret the minds the 
members the Harbor Board. 

after the fire February 7th and 8th, 1904, was 
upon the citizens Baltimore suggest and design plans for 
the new docks and the improvements the harbor this City. The 
preparations these plans, together with his other duties engineer 
the Harbor Board, devolved upon him very great amount skill- 
ful professional work, and probable that unconsciously over- 
taxed his strength this way. 

“The influence which Major Hutton has exerted upon the plans for 
the improvement the Harbor, cannot estimated. has not lived 
see the realization what has planned, but there can doubt 
that his activity and experience this great work will appreciated 
his successors, and the citizens Baltimore, when the full effects 
his labors and efforts are realized. 

“Major Hutton was engineer rare ability and vast and 
varied experience. was gentleman the old school, and most 
faithful engineer and honest public servant. 

“Resolved, that the death Major Nathaniel Hutton, the 
City Baltimore has been deprived noble and trusted citizen and 
capable and conscientious public servant, who has devoted many years 
his life her interests. 

“Resolved, that the members the Harbor Board, who particularly 
appreciate the full measure loss suffered his death, tender their 
sympathies the family the deceased, and that these Resolutions 
spread upon the Minutes the Board.” 


There are also appended resolutions adopted May 19th, 1907, the 
Board Public Improvements, which Mr. Hutton was prominent 
member: 


“At special meeting the Board Public Improvements held 
this date take action the death Major Hutton, 
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President and Chief Engineer the Harbor Board, the following reso- 
lutions were adopted: 

“Resolved, that the death Major Hutton the City Baltimore 
has lost most faithful and efficient public officer, whose long service 
Harbor Engineer here and extended experience important public 
works elsewhere made his services invaluable this city. 

“Also his death, we, his fellow members the Board Public 
Improvements, have lost trusted friend and wise counsellor, whose 
uniformly genial and courteous nature greatly endeared him us. 


“We extend his family our sincere and heartfelt sympathy 
their great sorrow.” 


Mr. Hutton was Charter Member and Vice-President the Engi- 
neers’ Club Baltimore. his death the Club took the following 
action his honor: 


“Whereas, We, the members the Engineers’ Club Baltimore, 
have learned with sincere sorrow the death our fellow member, 
Major Hutton; and whereas recognize his earnest efforts, 
Charter Member and Vice-President, promote the welfare the 
Club, and the active, friendly and generous interest, manifested 
him, establishing its success: 

“Resolved, that his death the Engineers Club Baltimore has 


been deprived distinguished member and Loyal and Honoured 
Friend.” 


Mr. Hutton was also architect decided ability, shown 
the outcome the designs proposed the firm Hutton and Mur- 
dock, which was member for several years, for the construction 
and alteration number churches, dwelling-houses and warehouses 
Baltimore, Washington, Virginia and Pennsylvania. One his 
designs for highway bridge Baltimore was considered very 
judicious board the best among five that were submitted. Not 
only was Mr. Hutton esteemed able engineer and architect and 
and faithful official, but was admired and loved his 
friends unusual few extracts are appended from many 
testimonials that have been received proof the statements already 
made. 

After long intercourse, under conditions which often test men’s 
character, long-drawn-out surveys among the rough surroundings 
camp life, the midst Indians and uncultivated and often lawless 
frontier people, both male and female, one his closest friends writes: 


said that you must sleep with man learn his peculiarities. 
Well, this true, Harry and ought have become pretty well 
acquainted, for the nights stretched ourselves the ground under 
the same blanket, ate our grub out the same tin pan, and drank our 
coffee out the same tin cup, ran through years, and during the entire 
time our affection became closer. was only necessary know him 
love him, and, the many acquaintances have made during long 
and varied life, have yet meet the man who excelled him the 
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noble qualities head and heart which possessed. was one 
Nature’s noblemen, conscientious Christian whose only fear, 


knew what fear was, was wrong, and whose sense honor was 
firmly fixed the everlasting hills.” 


Another, with whom Mr. Hutton had close professional and personal 


Baltimore, gives the following high testimonial from himself 
and others their mutual associate: 


“All had the highest appreciation his ability engineer 
aid the value his services the city. had been our Harbor 
Engineer for many years that had become indispensable the 
working our city government. His advice was frequently sought 
municipal engineers and other municipal officials, and his opinion was 
always respected all engineering questions. was progressive, 
broad and liberal his views, yet conservative enough hold down 
some younger and rasher engineers. was conciliating and 
harmonizing influence all gatherings engineers and meetings 
boards and His personality was such, and his manner 
was genial and kindly, that could regulate harmonize where 
others could not, and yet always retain the regard and affection his 

“Because his years experience and his broad learning, his 


place our municipal government will hard fill. His place 
our affections can never filled.” 


Another who had served with Mr. Hutton very closely for many 
years adds: 


“As engineer, was capable, careful, eminent and prominent, 
and was consulted the development many projects National 
importance. undertaking any new work sought the results and 
opinions others distinction and after giving careful consideration 
formulated his 

“As public official, was earnest, honest and faithful, possessing 
keen power penetration, and his approval always carried weight. 

“As man, was modest and retiring, affable and lovable, with 
ever kind word for his fellow-man, high low, and all all 
splendid type gentleman.” 


Still another says: 


was thrown intimate relations with him. was always 
the embodiment true gentleman, the highest and best sense 
that word; honorable and truthful, above suspicion, always courteous 
and always manly. 

“As engineer, was well trained and broad lines. had 
great confidence him, and frequently consulted him about difficult 
problems coming work, and always got sound and helpful 
advice. were called upon name some special characteristic 
Major Hutton, which distinguished him engineer, should say 
that good judgment was his strong point. 

death leaves great blank, both professionally and socially. 
feelings for Major Hutton were those real, genuine affection, 
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and believe that most men who came close contact with him had 
the same. difficult imagine true man having any sentiments 


for Major Hutton other than those the profoundest confidence and 
respect.” 


The writer knew Mr. more than forty years, both profes- 
sionally and socially, and can fully bear testimony the fact that what 
said others what precedes not exaggerated. His domestic 
life was charming and lovely. 

early manhood, Mr. Hutton married Miss Meta Van Ness, 
daughter Colonel Eugene Van Ness the United States Army, 
who was member the well-known and distinguished family that 
name the State New York. One Mrs. Hutton’s ancestors was 
Admiral Van Ness Holland, who lived 1653; and Scotland her 
lineage dates distinctly and honorably least 1542. 

Mr. Hutton passed from time eternity May, 1907, and his 
devoted wife followed September. They left three children, all resi- 
dent Baltimore, Mr. Harry Hutton, Mrs. Busby and Mrs. 
Wyatt. 

Mr. Hutton was elected Member the American Society Civil 
Engineers June 3d, 1896. 
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ROAD THE VICINITY NEW YORK CITY. 


The recent successful completion the electrification the service 
the New York Central and Hudson River Railroad entering the 
Grand Central Terminal, New York City, marks such important step 
the progress the art transportation that paper seems this 
time appropriate, explaining the reasons for the abandonment steam, 
the general features construction and operation, and the results. 

Two decades have passed since electricity the United States first 
commenced its important career the field lighter traffic; but only 
within the past few months has fairly met its steam rival heavy- 
traction trunk-line service. 

Reasons for Delay Electrification Trunk Lines.—The reason 
for this delay not far seek. The steam locomotive, during its 
lifetime eighty years, has been developed into wonderfully reli- 
able, efficient, and powerful machine, deep-seated the affections 


papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and may 
sent mail the Secretary. Discussion, either oral written, will published 
subsequent number Proceedings. and, when finally closed, the papers, witb 
discussion full, will published Transactions. 


>] 2 a 


S 


=, 


NEW YORK CITY AND VICINITY 
KEY 
4 
Sub-Station 


> 
4 ihr, 
Wie 
ice 
the 
tep 
his 
nly 
vy- 
son. 
its 
eli- 
y be 
shed 
with 


tag, 


SOK 


16°¢ 


Eastchester Bay 


Mj / 


SOT 


POOMION 


\ 


0°08 


Wa Lt 


WEST SHORE 
M4 
XNG | 1 HH Mm 
IA NG VO 
Qe => 
= Se ie Unionvill 


Seo 
5 N46, of 
Bujg Sujg. 5 = 
OqIBOS 


O° FS 


om, 
‘ 
SOIL 
F 
9°08 


o 
p— 
town 
— J 


PLATE 
PAPERS AM. SOC. 
FEBRUARY, 1908. 
ELECTRIFICATION SUBURBAN ZONE 


2o 
3s 


% a 


Croton 
Se, 33.9 Miles 


30.4 Miles 


jue 
Miles 


ton Bay te: 
ow oF yo 
Lake 
Ls a 
Mohansic 
its 
3.4 Miles 


the railroad world. With the conservatism naturally born these 
conditions the reluctance stockholders spend vast sums for 
changes unproven financial value. 

There cause for surprise, therefore, that electricity, com- 
monly associated the mind the railroad officer with light street- 
car has not been seriously considered substitute for steam, 
until special problems have arisen demanding some escape from the 
limitations and nuisances incident the use steam locomotives. 

The very fact that steam locomotives have grown size and 
power makes them more objectionable emitters increased volumes 
noise, smoke, gas, and cinders. 

The first important instance the use electricity large 
seale was utilizing electric locomotives push solid trains, with 
their inactive steam locomotives, through the Baltimore Tunnel the 
Baltimore and Ohio Railroad. this electricity was adopted 
aid, not substitute for steam. 

Reasons for Electrification New York early 1899, 
thought was given the use, the New York Central, electricity 
for curing the evils the entrance the Grand Central Terminal; 
but was not until 1903 that the objectionable atmospheric conditions 
the Park Avenue Tunnel, and the congestion traffic the termi- 
nal, precipitated legislative action directing the complete abandonment 
the steam locomotive Park Avenue south the Harlem River, 
within period five years terminating July 1st, 1908. 

the same year the railroad company and the city agreed upon 
radical changes the terminal, which were possible only with the 
abandonment steam. From standpoint, the most important 
these changes the depression the whole terminal, 
permit the extension highways over the tracks from Forty-fifth 
Fifty-sixth Streets, inclusive, and the continuation Park Avenue, 140 
ft. wide, within the same limits, thus joining two sections the city 
hitherto separated for mile impassable barrier railroad yards 
and structures. 

Reasons for Extended Scope careful analysis 
the situation soon proved the absurdity terminating the electric 
zone near the Harlem River. 

Immediately north that point Mott Haven Junction, where 
the line splits, one leg known the Harlem Division continuing north 


Chatham the Boston and Albany Railroad, and the other consti- 
tuting the main line the Hudson Division, bearing the west and 
north, along the banks the Hudson River, Albany and beyond. 
Woodlawn Junction, the Harlem Division, the point conflu- 
ence with the New York, New Haven and Hartford Railroad, the very 
large passenger traffic which flows over the rails the New York 
Central and from the Grand Central Terminal, distance miles. 

From the Grand Central Terminal Woodlawn Junction, the 
Harlem Division four-tracked, but for the remainder the distance 
within the territory under discussion, but two tracks existed for hand- 
ling all classes traffic. Similarly, the main line, from the junction 
Mott Haven, two tracks were called upon transport both passenger 
and freight trains, except the section between Spuyten Duyvil and 
Searborough, where third track aided some extent. 

addition the extremely heavy through passenger train service 
from the New England, northern and western States the Union, 
and Canada, there important local traffic extending far out 
Harmon, the Hudson Division, distane miles, North White 
Plains, the Harlem Division, distance miles, and Stamford, 
the New York, New Haven and Hartford Railroad, distance 
miles, from the Grand Central Station. 

further burden the four-track stem between the terminal and 
Mott Haven Junction the hauling between those points “dead” 
equipment, because inadequate storage space the station. 

From this recital will seen that termination the electric 
zone the Harlem River, Mott Haven Junction just above the 
river, would entail the stoppage and change motive power from 
steam electricity and vice versa, all kinds traffic, point 
peculiarly subject congestion. Moreover, the physical conditions 
the neighborhood precluded the construction the necessary facilities 
for the storage and care motive power. 

Because these fundamental objections, and, moreover, guided 
the broad-minded policy that growth traffic responds the use 
electricity, the company decided extend the limits the electric 
zone the northerly termini the suburban territory, Harmon 
and North White Plains, where ample space available for loops, 


yard tracks, and buildings. The geography the territory shown 
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Reasons for Other Improvements.—This decision, and the demands 
growing traffic for more and better facilities, led the adoption 
plans for new Grand Central Station with two track levels; the 
separation track grades and new overhead eight-track station 
Mott Haven; the elimination all grade, street, and highway crossings 
the “four-tracking” both divisions far the termini; many new 
and enlarged passenger and freight stations; new electric automatic 
signals, and electric interlocking plants; and many important revisions 
alignment and grades. 

Reasons for Adopting the Direct-Current System.—About this time 
the battle had just opened the United States between the two rival 
systems electricity—direct and alternating current. course, the 
advocates each argued that the other was unsuited New York 
Central conditions, and was only after lengthy and thorough consid- 
eration that the direct-current system was selected. 

The principal reasons for this apart from technical 
points, may summarized practical development the 
alternating-current system for trunk-line problem requiring absolute 
reliability service, restricted clearances which forbade the use 
overhead conductors, and legal obstacles the use overhead trolley 
wires carrying high voltages within the limits the City New York. 

Reasons for Not Using Alternating-Current Equipment Direct- 
Current System.—Some time after this decision had been made, and 
apparatus had been ordered, the company was urged outside inter- 
ests abandon the type equipment suited exclusively the direct- 
current system, and adopt another type which could operate both 
direct and alternating currents. was claimed that, making this 
change, the equipment would available for use later extensions 
the electric zone where there were physical legal objections 
the use alternating current. The wisdom adhering the type 
equipment already chosen has been proven recent comparative 
tests locomotives the two types under exactly the same conditions, 
which demonstrate that the one designed only for current con- 
sumes from 25% less current than the one intended for use 
both systems. This will effect saving the company least 
$140 000 per annum. this item added the economy resulting 
from less locomotive ton-miles per annum because the lower weights 


locomotive per unit capacity, and lower wages, fixed charges, and 
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maintenance equipment, because the smaller number needed 
the same work, the total saving for the ultimate electric zone, result- 
ing from adherence the adopted type direct-current locomotive, 
will approximately $300 000 per annum. 

Reasons for Duplicate Power Stations and Transmission Lines.— 
One the strongest arguments advanced against the substitution 
electricity for the well-tried steam locomotive, for the movement 
the most important passenger, mail, and express service the country, 
the vulnerability power stations and distributing systems failures 
the class which affect, not one, but all, units. overcome this well- 
founded criticism, two cross-connected power stations were decided 
upon, accessible both rail and boat coal; and each with sufficient 
capacity, utilizing its spare unit, and working “overload,” carry the 
entire demand the service the rush hours should the other fail. 
was considered that the growing familiarity the operating force 
with the new conditions, and the elimination, time, unsuspected 
defects installation, would later make the surplus capacity available 
for other uses, such demands traffic, the movement 
freight trains electricity, and the operation the terminals the 
company the west side Manhattan Island. further precau- 
tion, duplicate transmission lines were adopted the more important 
portions the territory, that the failure one would still leave 
the other effective for the uninterrupted movement trains. 

Reasons for Storage Batteries. 


Even with these two safeguards, 
there appeared vulnerable places, where accidents might put 
essential features the service out commission, and overcome 
this, well make suitable regulation violent fluctuations 
load the power stations and sub-stations, storage batteries were 
adopted with sufficient tide over the usual maximum periods 
interruption current supply, that experience elsewhere has shown 
may expected. 

Reasons for Combined Locomotive and Multiple-Unit 
While, necessarily, through trains with cars originating far distant 
points must hauled electric locomotives within the electrified 
territory, was evident from the start that, for the company reap 
the full advantage from its expenditures, the multiple-unit type 
suburban equipment should adopted that elsewhere had been shown 
was essential for the propagation traffic, and the simplification 
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operation congested terminals. dispensing with locomotives 
suburban service, and equipping the individual cars with electric 
motors controlled from either end the train, becomes possible 
meet the demand the public for less interval between trains, and 
the same time regulate the cost operation the volume traffic 
various periods the day. The absence locomotives, and the distri- 
bution power among the cars practically eliminates switching, and 
movements and from engine-houses, with resultant great reduction 
the causes that congest terminals. twofold character equip- 
ment, therefore, was adopted—locomotives for through trains, and mul- 
tiple-unit cars for the passenger service confined the electric zone. 

Awarding First all the foregoing questions settled, 
plans and specifications were actively prepared, and contracts awarded 
the fall 1903 for the apparatus requiring the longest time for 
delivery, including power-station machinery and locomotives. Later, 
arrangements were made for the remaining items the installation, 
either contract company forces. 


GENERAL FEATURES CONSTRUCTION. 


Principal Elements the principal elements 
the installation are the duplicate power stations for generating 3-phase, 
000-volt, alternating current; the high-tension transmission 
lines for distributing this current the sub-stations; the sub-stations 
for transforming and converting the high-tension alternating current 
660-volt direct current, and for the storage current batteries; 
the transmission lines for the distribution energy 
the working conductors; the third-rail and overhead conductors 
special places, known working conductors, for the delivery the 
660-volt current the contact shoes locomotives and the 
electrical equipment; repair shops and inspection facilities; interchange 
terminals for electric and steam power; and last, but not least, the 
building operating organization make all this intricate 
machinery working success. 

Power power station equipped initially with six- 
teen water-tube, 625-h.p. boilers, with superheaters and mechanical 
stokers, and four Curtis turbo-generators, together with the 
necessary condensers, pumps, exciters, feed-water heaters, and appur- 
tenances. Additional space provided the buildings, for later 
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expansion capacity the extent 50% the initial installation. 
will thus seen that each station has present normal capacity 
approximately h.p. k.w.), with provision for ultimate 
increase approximately 42000 h.p. (30000 k.w.), combined 
ultimate normal capacity approximately 84000 h.p. (60000 k.w.). 
The two stations are electrically cross-connected, that, for all prac- 
tical purposes, they act one. 

Both power stations are supplied with mechanical plants for trans- 
ferring coal from car boat overhead bins, each station having 
storage capacity 500 tons, equal days’ supply under maximum 
conditions. 

pilot switch-board located the gallery each power station, 
but the important control apparatus, including oil switches, placed 
separate building, that serious trouble the main structure 
will not disable injure what may termed the brains the system. 

The buildings are constructed substantially, concrete, brick and 
steel, stable foundations, and with architectural treatment suited 
the purposes for which they are designed. The twin stacks each 
station are perforated radial brick, have average internal diam- 
eter ft. in., and rise height 267 ft. above the ground. 

noteworthy fact may recorded that illustrates one the 
advantages turbo-generators the design power- 
station buildings. The capacity required the Yonkers station 
only 110 cu. ft., and that the Port Morris station 115 cu. ft. per 
k.w., compared with from 170 255 cu. ft. the more important 
reciprocating-engine plants New York City. 

The maximum 4-min. peak load both stations 
k.w., which time trains, speeds, weighing all 
800 tons, are assumed motion. The annual output expected 
aggregate 121000000 kw-hr., which 107000000 kw-hr. are for 
the propulsion load and the remainder for lighting and other purposes. 
These figures not include the future additional requirements for 
various yards, the movement freight trains, and the 
operation labor-saving devices terminals. 

000-Volt Transmission Line.—The 000-volt alternating current 
from the power stations led the sub-stations duplicate systems 
insulated copper cables ducts within the populous districts the 
city; and bare copper cables suspended substantial steel poles set 
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concrete bases the less densely settled districts. This arrange- 
ment was adopted only after exhaustive investigation line con- 
struction throughout the country had proven the greater safety and 
reliability well-built aerial wires, where the population sparse and 
the line located private right way. 

Where the cables pass from one type construction the other, 
they are led through brick towers equipped with lightning arresters. 

Owing the failure the city grant the right place the 
cables beneath the surface neighboring streets, was necessary 
them within the right-of-way limits the company, and this 
required many varied types construction, often taxing the ingenuity 
the engineers place the conduit pipes where they would safe 
from injury. few these conditions are illustrated the accom- 
panying photographs. Altogether, there will miles conduit 
territory, and miles pole lines, together with 
chambers. 

are eight sub-stations, four which 
are now operation. Their total normal rotary capacity will 
000 k.w. 

Each station contains transformers for reducing the voltage from 
volts primary 450 volts secondary, and rotary converters for 
changing the current from alternating direct 660 volts. Storage 
batteries, “floating the line,” are also provided, regulate the sharp 
fluctuations the peculiarly severe short-period demands incident 
heavy traction service, and safeguard the continuity traffic should 
perchance the supply current interrupted power station 
distributing failures. This insurance reliability service has 
already demonstrated the wisdom its adoption. The aggregate 
momentary capacity the batteries will 786 k.w., with hourly 

660-Volt Feeder 660-volt direct-current system, for 
conveying energy the working conductors, consists copper cables 
protected and arranged similarly the high-tension lines already 
described. 

Working Conductors.—The working conductors deliver 660-volt cur- 
rent locomotives and cars. Third-rail used all points, except 
where intricate switch lay-outs prohibit continuous conductor near 
the level the track. such places overhead conductors are used, 
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either temporary character where future track changes are con- 
templated, permanently suspended from overhead bridges and build- 
ings. The adopted type third-rail unique, for the reason that the 
current collected from beneath instead from the top. This permits 
the sides and upper parts the rail sheathed wood other 
insulating material way that safeguards employees and others from 
accidental contact, and protects the contact surface from sleet and 
snow which, with the usual types top-contact rail, frequently 
tie-ups traffic. The manner construction such 
secure all these advantages, without encroachment within the clearance 
lines the steam equipment, and without precluding the interchange 
electric equipment with other lines already using the top-contact 
type. 

frequent intervals, the direct-current cables pass through small 
circuit-breaker houses, which circuit-breakers automatically open 
and interrupt the flow current, when, because accident injury, 
there improper leak the third-rail system the direct-current 
feeder system. This safety device, therefore, automatically checks the 
delivery current the working conductors, when continuation 
the supply might disastrous. The circuit-breakers are controlled 
connected with neighboring sub-stations. Numerous other 
precautionary measures have been taken for shutting off power promptly 
accident, such as, for instance, continuous indicator wires 
for each the four tracks the Park Avenue Tunnel, that enable 
the power shut off immediately any desired track. 

all, there will miles territory, embracing 285 miles 
track equipped with third-rail, which more than one-third com- 
pleted and use. 

Track Bonds.—The bonding the track rails for the return cur- 
rent was task considerable proportions, because the intimate 
relation the work traffic. Several ingenious devices were used 
expediting the drilling rails and placing the bonds. The concealed 
type bond was protection against the thefts that embarrass 
traffic and entail pecuniary loss, and obviate injury trackmen. 

Electrical Equipment.—The electrical equipment now use com- 
prises locomotives and 180 suburban the cars, 125 are 
equipped with motors. The remainder, for the present, act trailers, 
although motors will added when the electrical service extended 
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the full distance Harmon and North White Plains. The aggregate 
normal rating both classes equipment 127 000 h.p. 

locomotive peculiarly efficient and powerful 
nachine. Although weighing 94.5 tons, complete, compared with 
171-ton weight the heaviest steam passenger locomotives use 
the company, its normal rating 200 h.p. practically twice that 
its rival; has 764 tons less weight haul about, thus effecting 
saving 45% for energy moving dead tonnage; its concentrated 
weight per driving axle, 250 27% less than that the steam 
locomotive, without decreasing the total driver weight available for 
traction; capable running will either direction, without 
the delays and expense going the turn-table; occupies little 
more than half the track space the steam locomotive—an important 
advantage terminals—and much more quickly started and 
stopped. These advantages have been demonstrated strikingly prac- 
both comparative trials the 6-mile experimental track near 
Schenectady, where all the new equipment was tested exhaustively 
acceptance, and regular service the New York zone. 

The principal characteristics the locomotive are: 


Normal capacity each 550 
Over-load capacity each locomotive............. 3300 


Type heaters for train supply.............Westinghouse oil-fired. 


Air Westinghouse graduated-release. 


Cars.—The suburban are constructed steel and other non- 
inflammable material, and, while simple design, have all the features 


conducive the safety and comfort the public. Their leading char- 
acteristics are follows: 


Distance between axles motor trucks.............. 
Distance between axles trailer trucks.............. 
Number motors each motor truck............... 


Normal capacity each 200 h.p 
Weight per motor car, due electrical 
Horse-power (normal capacity) per ton weight 
Both electric and Pintsch gas. 


Cooling system for summer season............ 14-in. electric fans. 


Acceleration, miles per hour per second............ 1.2 


Comparative Train Weights—The comparative weights steam 
and trains the two classes service, through and suburban, 
are interesting, illustrative the saving consumption energy, 
and therefore cost operation, that accompanies the lower electric 
train weights; and, also, justifying the adoption the multiple-unit 
instead locomotive practice for suburban operation. 


THROUGH SERVICE. 


Steam. Electric. 
Tons. Tons 
type locomotive.. 171.0 locomotive..... 94.5 
Pullman 


Saving favor electric traction 764 tons per cent. 
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SUBURBAN SERVICE. 


Average Number Cars. 


Locomotive. Multiple-Unit Cars. 
Tons. Tons 
Locomotive 94.5 
steel trailer cars..... 200.0 motor cars.......... 238.5 


Saving favor multiple-unit practice tons per cent. 


Shops and Inspection maintenance electrical equip- 
ment high degree efficiency requires suitable repair shops and 
inspection sheds, located where the dead mileage will reduced 
minimum. both Harmon and North White Plains permanent in- 
spection sheds have been built, and the former point ample modern 
shop facilities are provided. the equipment both divisions 
pooled, any car locomotive needing repairs can sent while 
regular service either place, without the expense and loss time 
incident special dead movements. 

Interchange North White Plains, the existing steam 
engine-house plant enlarged when the extension electric 
operation requires added facilities for the interchange power. 
Harmon, space has been provided for ample facilities for the same 
purpose. Owing the present curtailment electric operation because 
the backwardness the State acting the abolition grade 
crossings north the limits the City New York, temporary 
terminals have been constructed, High Bridge the Hudson 
Division and Wakefield the Harlem Division, with convenient 
yard arrangements and structures for the care and exchange power. 

Operating Organization Electrical Department.—The success 
new plant such magnitude, especially when change from old 
new conditions must effected without embarrassing enormous 
passenger traffic, depends very largely the organization 
sonnel the electrical operating force. was recognized, early 
stage the work, that the operation and maintenance the entire 
installation required deliver current equipment, well the 
maintenance locomotives and cars, should under the supervision 
those responsible for their construction, leaving the regular steam 
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the operation trains with electric current and equip- 
ment thus furnished. 

the work the power stations, distributing system, and equip- 
ment progressed, competent men were gradually employed for inspec- 
tion and testing purposes, that, when all was ready for regular 
operation, there was existence skilled, energetic corps veterans, 
equal any emergency, and imbued with spirit that meant success. 

Telephone System.—A word should here spoken the independ- 
ent telephone system which has been constructed for the purpose 
bringing all parts the electric zone close touch with each other 
and with the load and train dispatchers. 

Other Improvements.—While the principal purpose this paper 
give outline the elements the electrification the New 
York Central suburban zone, would incomplete without least 
passing mention the other important improvements undertaken 
conjunction with the change motive power. 

Grand Central the territory bounded Forty- 
second Street, Fifty-seventh Street, Madison Avenue and Lexington 
Avenue, the old Grand Central Terminal occupied parcel irregular 
shape, with area about acres. The four main tracks from the 
north descend grades from ft. per mile the south end 
the Park Avenue Tunnel Fifty-sixth Street; thence they aseend 
the rate ft. per mile open cut the middle Park 
Avenue Fiftieth Street; thence spreading out into the yard, 
slight descent Forty-fifth Street; and thence gentle declivity 
the terminal the train-shed near Forty-third Street. The vital 
defect this arrangement was the absence switching tracks for 
drilling the yard, north Fiftieth Street, which necessitated the use 
two the main tracks for that purpose. Consequently, the entrance 
the terminal really consisted but two main tracks for the accom- 
modation the traffic pouring and from four-track line. 
the congestion, one these tracks, assigned drilling ser- 
vice, had also used for the storage steam locomotives rush 
hours the day. 

the use electricity, became possible depress the roadbed 
south the low point Fifty-sixth Street, pass beneath the 
surface Park Avenue either side the railroad, and thus permit 
the utilization the full width the avenue, 140 ft., without affecting 
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its use the public. This gave space for ten instead four tracks 
from Fifty-sixth Fiftieth Streets, which four are for legitimate 
nain-line entrance the enlarged upper yard, two are for drilling the 
yard, and two each side, four all, are for ingress and egress 
the lower-level suburban station. The upper level for through trains 
will have tracks, while the lower level will have double-track 
the south end near Forty-third Street. 

The depression also admits the extension Park Avenue, for 
its full width, south from Fiftieth Forty-fifth Streets over the tracks 
the yard, and the connection east and west viaducts the ends 
streets from Forty-fifth Fifty-sixth Streets, inclusive, now sepa- 
rated the terminal. 

the acres the old terminal has been added purchase 
acres, making total area acres. With the acres obtained 
excavating for the suburban station, there will total area the 
new terminal, when completed, more than acres. This equal 
increase over the present space 178 per cent. 

These radical changes make necessary the tearing down the old 
station and train-shed, originally built 1871 and enlarged 1898 
and 1900; and the substitution much larger and handsomer struc- 
ture, suited the new motive power and more adequate for the proper 
handling rapidly increasing traffic. 

should here added that electricity brings with unexpected 
boom the permissible use overhead spaces termed “air rights,” 
that denied with steam traction. vast area the heart the 
greatest city the continent thus reclaimed for use desired for 
various revenue-producing purposes. time, this feature will add 
very largely the company’s assets. 

idea the difficulties construction, due the nature the 
underlying material—solid rock—and the necessity subordinating 
all efforts the safe and uninterrupted movement exacting and 
constantly increasing train service, illustrated the accompanying 
photographs. 

The magnitude the new terminal, which has thus built 
while trains and passengers pour and out, evident from the quan- 
tities material involved. After being loaded cars, yd. 
rock and earth are dispatched, times when the passenger service 
will permit, the Hudson Division, for building additional main 
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tracks. the construction retaining walls, suburban stations, via- 


ducts, subways, and tunnels, 100000 tons steel and 260000 yd. 
concrete are used, addition numerous other materials. 

The final result will electrically operated station and 
with quadruple the capacity the old one, and with many appurte- 
nances for usefulness and profit, that are additional the paren: 
purpose railroad terminal. 

Bronz Improvement.—At Mott Haven Junction, the Borough 
the Bronx, 5.3 miles from the Grand Central Terminal, two 
lines, making eight tracks all, merge into the single four-track stem 
that leads the terminal. With increased frequency train service, 
the grade intersections such important junction are inadmissible 
the grounds safety and non-delay traffic. Therefore, 
have been adopted and work commenced the raising and lowering 
tracks means viaducts and tunnels, effect trailing 
junctions free from grade crossings. 

The points junction are moved south about mile, the 
vicinity the Harlem River; and, near the present connection, 
One Hundred and Forty-ninth Street, new large overhead station 
built, with eight main tracks. This will permit the abandonment 
the old station One Hundred and Thirty-eighth Street, and 
remove another the causes for congestion the four-track entrance 
the Grand Central Terminal. Moreover, this new station will serve 
the rapidly growing population the Bronx, which fast approaching 
the half-million mark. 

Elimination Grade Crossings.—At the time the decision 
proceed with electric zone improvements, there were, within that terri- 
tory, forty-four street and highway grade crossings, the abolition 
which was deemed precedent the commencement opera- 
tion. these, one-half were located within the city limits New 
York, and these, agreement with the City, have since been carried 
over the tracks. the remainder has yet been completed, owing 
the delay the State authorities make effective the provisions 
the statute governing grade crossings, and also owing difficulties 
acquiring the necessary additional right way. However, due the 
energetic action the new Public Service Commission, decisions 
many the crossings have been reached; and the remainder are 
expected soon. The majority these eliminations require either 
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changes the line the railroad for considerable distances, for 
instance Mount Vernon and White Plains, the lifting the 
grade the tracks that the streets may pass under, Yonkers 
and Tarrytown. 

elimination grade crossings north 
New York City, and the growth business, make obligatory many 
extensive and costly local improvements, with new passenger and 
freight stations and yards. The more important ones are Yonkers, 
Hastings, Tarrytown, Ossining, and Harmon, the Hudson Division; 
and Mount Vernon, Bronxville, Tuckahoe, and White Plains, 
the Harlem Division. Features the design these new stations 
are the avoidance, means subways and overhead bridges, all 
grade crossings tracks passengers; and the placing the tops 
the local platforms level with the floor. 

Four-Tracking and Loops.—The anticipated increase frequency 
train service with electric traction, and the urgent necessity 
removing causes congestion this important entrance New York 
City, make mandatory the construction additional main tracks, 
that there will separate tracks each direction for high- and slow- 
speed service; and, where possible, additional tracks for the exclusive 
movement freight. 

line with this policy, new main tracks are under construction 
within the suburban zone, conjunction with the elimination grade 
crossings and improvement local facilities. The four tracks the 
Harlem Division are being extended from Woodlawn Junction North 
White Plains, with long middle sidings frequent intervals, for the 
passage passenger trains around freights. The double and triple 
main tracks the Hudson Division, far out Harmon, are being 
increased four, and, some places, for instance between Spuyten 
Duyvil and Yonkers, two additional tracks have been provided for the 
exclusive use freight trains. the Harlem Division, middle 
tracks are being built, where needed, for keeping freight trains out 
the way the passenger service. 

Harmon and North White Plains, loops are built, for the 
turning suburban trains without crossing the express traffic grade. 
will noted that, with loops all three termini and the freedom 
from grade crossings Mott Haven Junction, opportunity given for 
constant flow traffic with absence the usual obstructions that 
cause congestion. 
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Increased Capacity Entrance Grand Central 
the fact that two four-track lines feed into single four-track stem 
from Mott Haven Junction the terminal, the question naturally 
arises what solution the future holds for this restriction 
growth traffic. The present plans the terminal provide for 
future four-track cross-town tunnel connection with the West Side 
line the Company, over which the Hudson Division can then enter 
the terminal without burdening the Harlem Division tracks. This, 
when built, will afford the terminal eight-track entrance con- 
nected with both train levels. 

Improvements Alignment and conjunction with 
these radical changes the physical condition the property, has 
been considered wise make the same time other desirable changes 
that could not accomplished later without undue extra cost. 
many places, both divisions, alignment and grades have had careful 
study, and alterations have been approved which will result material 
saving rise and fall, and curvature. Many have been completed, 
and others have been deferred, awaiting the acquisition right way 
and the settlement legal questions. Among those still embryo 
the improvement between Croton and Peekskill, more than miles 
length, which when completed will admit still further extension 
electric operation. 


The advantages gained the principal changes alignment 
are follows: 


Saving Saving 
Distance. Curvature. 
Marble Hill cut-off, including Spuyten 

Duyvil Tunnel ft. 137° 
Spuyten Duyvil Mt. St. 24° 


Signals and Interlocking.—Under the old order affairs, traffic 
the Hudson Division from the north ran right-handed Spuyten 
Duyvil, where was transposed left-handed operation 
harmonize with the left-handed practice the Harlem Division. The 
design the new Grand Central Terminal and possible future con- 
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nection with the city subway system, well the desirability 
avoiding the grade crossing Spuyten Duyvil, led the decision 
make the right-handed system operation uniform throughout the 
suburban zone. considering the effect this reversal traffic 
the existing signals and interlocking plants, was also realized 
that the controlled-manual system use large portion the 
territory was insufficiently elastic for the quick handling frequent 
electric train service four more tracks. Accompanying these 
traffic reasons for radical changes the old signals and interlockings 
was the equally important fact that the use track rails for return 
propulsion current the power stations completely deranged the 
signal circuits. Then, too, the many additions and tracks 
made imperative the abandonment the larger part the old plants. 
All these causes led the adoption new automatic sig- 
nals and interlocking plants for the entire zone, the predomi- 
nant feature which the reactance bond, which permits the free 
passage propulsion current through the track rails, but, where de- 
sired, stops the passage the alternating signal current circuit. 
the worst evils with which American railroads 
have contend trespass. Right way and tracks are considered 
public highways, and the petty courts refuse neglect impose 
adequate punishment those who thus risk their lives dangerous 
places. This freedom use the railroad’s property also leads 
thieving which, the aggregate, causes large losses the company. 
The change electric traction means minimizes these evils. 
More frequent trains, and the presence electricity, increase the risks, 
while copper cables and bonds attract the thief. guard against these 
dangers, the entire zone enclosed with man- 
and boy-proof fences. The portion within the settled districts consists 
iron pickets and concrete posts pleasing design. 
Chronology.—Following the placing orders the fall 1903, 
work was pushed energetically all items construction required 
for the operation the initial electric zone south Wakefield and 
High Bridge. should borne mind that the larger part the 
work had performed about tracks congested with traffic, 
which entailed danger employees, delay many parts the work, 
and expense. pleasure record, however, that not accident 
occurred regular train service, nor, with few minor exceptions, any 
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delay traffic, due construction. Such accidents and delays did 
were from other causes. 


The following dates mark the progress the electrical features: 


Initial informal test first electric loco- 


First formal test Electric locomotive.... November 12th, 1904. 


Port Morris Power Station: 
Commencement May 15th, 1904. 


Transmission Lines: 


Sub-stations: 


July 6th, 1905. 
September 30th, 1906. 


Working Conductors: 


January 2d, 1906. 


Electrical Equipment: 


First operated New York City... July 20th, 1906. 
First train into Grand Central Ter- 


Electrical Operation: 


First schedule multiple-unit train.... December 11th, 1906. 
First schedule electric locomotive.... February 13th, 1907. 
First regular shop train............. April 14th, 1907. 


Completion change motive power: 


1907. 
Reversal traffic August 25th, 1907. 


Because the burdensome conditions traffic, and complicated 
changes the signal and interlocking systems, about months were 
thus consumed making the change motive power complete, after 
the first schedule train was operated. 
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Initial Zone Operation.—As previously stated, the company was 
foreed confine temporarily the change motive power the opera- 
tion the suburban zone terminating High Bridge, miles out; 
and Wakefield, miles from the terminal. This postpones for 
iwo three years the extension electrical service the northerly 
termini the suburban zone. the meantime, the power through 
trains changed the temporary termini. the same points, mul- 
trains north-bound have steam locomotives attached and 
proceed non-electric trains; and south-bound the steam 
locomotives are detached and the trains continue electricity without 
locomotives. The average time required for making the changes, 
ineluding that lost slowing down and regaining speed follows: 


Through trains with locomotives 
Multiple-unit trains, south-bound 


the Hudson Division this delay has been largely compensated 
shortening the line Marble Hill and the elimination grade 
track crossing Spuyten Duyvil. 


from Electrification—Now that the change motive 
power the initial electric zone has been completed for sufficient time 
gain least preliminary idea the results, the question naturally 
arises, with what success has the change met expectations 

has already been explained that the principal reasons for under- 
taking the work were twofold: 


the public for the abolition the nuisances 
incident the use steam locomotives south the 
Harlem River; and 

(2).—Need for increased capacity the terminal, the elimi- 
nation large proportion the switching movements 
required with steam locomotive practice; and relief 
the main line entrance the terminal reducing its 
use for haulage dead locomotives and cars Mott 
Haven. 
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secondary considerations there were: 


(3).—The possibility sufficient economy operation least 
offset largely the additional fixed charges the cost 
the electrical installation; and 

(4).—Opportunities for ultimate large increase traffic and 

corresponding growth revenue justify the expendi- 

ture for all improvements within the suburban zone. 


What the observations made thus far disclose? 

The first two expectations have been completely realized. 

Park Avenue atmospheric conditions the Park 
Avenue Tunnel show marked improvement, even with the presence 
the remaining New Haven Company’s steam service. 

Increased Terminal Capacity.—The effect the operating effici- 
ency the terminal has been very gratifying, the increased capacity 
being estimated one-third. There has also been large reduction 
the number shop “dead” trains and from Mott Haven. 

Reduced Cost results, regards the third ex- 
pectation, have been most surprising. The operation, for considerable 
period, steam and electric equipment side side has afforded 
unexampled opportunity for true comparison costs operation. 
Until now, data this subject have been based theory, ignoring 
many the indeterminate features actual operation that have such 


weighty effect costs. For instance, among the variables entering 
into analysis this character are: 


(a).—Cost and quantity coal and water the power station, 
and the steam locomotive tender; 

(b).—Relation ton-mileage the motive power total ton- 
mileage, including motive power and cars; 

and volume traffic; 

(d).—Mechanical and electrical design motive power affect- 
ing repairs, and hours available for active service; 
(e).—Fixed charges, depreciation, and maintenance all items 

both kinds service, that have bearing compara- 
tive results, including land, structures, and equipment. 


other words, obtain true comparison, observations must 
made under like conditions known service. 
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With this object view, typical steam switching locomotive, 
engaged terminal service, and steam passenger locomotive, assigned 
road service, were each selected for observation the same class 
with electric locomotives. The terminal service embraced switch- 


STEAM LOCOMOTIVES USED COMPARATIVE TESTS 


Weight drivers, working order 156 000 Ib, 
Weight on truck, working order._._.__.. — 46 500 Ib, 
Weight; total of engine-......-..--.--.... 194 500 Ib. 
Weight of tender, loaded ._-._--.~--..-.. 148 000 Ib, 
STEAM LOCOMOTIVE USED 
ROAD TESTS. 
CLASS-F-2-d. 
(No.1978.) 


Weight on drivers, working order__._____.. 152500 1b. . 
Weight, total of engine _._._.___.-._.__-..152 500 Ib, 
Weight of tender, loaded 
4500-gal. tank.................... 89 500 Ib. 


STEAM LOCOMOTIVE USED IN 
SWITCHING AND HAULING TESTS. 
CLASS B-10. 


ing the Grand Central yard, and hauling dead cars and from 
Mott Haven storage yard, distance miles. The road service 
comprised the hauling schedule trains the electric locomotive 
between the Grand Central Terminal and Wakefield, 124 miles; and 
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the same trains steam between Wakefield and North White Plains, 
113 miles. 

Observers constantly rode the locomotives for the period the 
tests, namely, September 12th 27th, 1907, terminal service, and 
October 4th 18th, 1907, road service. and watt- 
meters registered actual distances, speeds, and current consumption. 
Record was also kept the number cars switched and hauled, and 
the proportion time each day engaged actual service, awaiting 
duty, and laid for inspection and repairs. 

The coal used contained 14000 per and the cost, per 


Steam locomotive terminal service (anthracite).... $5.00 per ton. 
Steam locomotive road service (bituminous)...... 3.50 
Morris power station (bituminous)............. 


Water, per 1000 gal., cost follows: 


Terminal service and power cents. 


The cost electric current, when the power station designed load 
attained, taken 2.6 cents per kw-hr., delivered the contact 
shoes the equipment, and includes all operating and maintenance 
costs, interest the electrical investment required produce and 
deliver the current, depreciation, taxes, insurance, and transmission 
losses. The details this cost are: 


Operating costs. Fixed charges. Total. 


$0.58 $0.44 $1.02 
Transmission 0.19 0.15 
Distributing system and 


Locomotive wages are practically identical for each class ser- 
vice. 

Table shows the details locomotive repairs, maintenance, and 
fixed charges for each class service, from which will noted 
that, although the fixed charges and depreciation the electric loco- 
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TABLE Costs Day AVAILABLE SERVICE STEAM AND LOCOMOTIVES FOR 


INTEREST, DEPRECIATION, REPAIRS, INSPECTION, AND HANDLING. 


SUBJECT. 
Description. 
Running Mott Haven.......... 
Trips shops, 309 
Total for 335 days available for service. 
Handling and 


tion, including fixed 
charges and main- 
tenance and 


Haven engine-house plant, 365) 


Amount per 


annum. 

170 
414 
168 

842.00 

229.50 
460.50 


ELECTRIC. 
Description. 

High Bridge and Wakefield. 


Total days avai able for service. 


Bridge and Wakefield 


Amount per 
annum. 


3.37) sneds, 365 days....... 
| 


275 

1500 
$468 
166 

479 

200 

679 
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motive are higher than those the steam, owing the greater first 
cost, the net result favor the electric locomotive, due lower 
costs for repairs and maintenance. These results are based 
observations the steam locomotive covering period 
years; and the electric locomotive for two years the 
mental track near Schenectady and one year the New York zon. 
The reasons for the lower cost repairs the electric machine are 
the simplicity construction and the minimum number 
cal parts. also worthy comment that the electric 
costs very much less per day for repairs and maintenance, due 
expenses for land and structures, and fewer days out service. For 
instance, the fixed charges and cost maintenance and operation 
the extensive steam engine plant costly land, are comparable 
the simple inspection-shed charges the locomotive. 

The Schenectady experiments indicated that the cost repairs 
the electric locomotive this type about two-fifths that the 
steam locomotive corresponding age and capacity. 

The results these observations are shown detail Table 
Plate XI, and are summarized Table They show that, under 
the stated conditions, the electric locomotive has the following ad- 
vantages over its steam rival: 


19% saving locomotive repairs and fixed charges. 
18% saving dead time for repairs and inspection. 
25% greater daily ton-mileage. 
saving locomotive ton-mileage hauling service. 
11% saving locomotive ton-mileage switching service. 
16% saving locomotive ton-mileage road service. 
12% net saving cost hauling service. 
21% net saving cost switching service. 


27% 


Even better results may expected during winter months, when 
steam locomotives are subjected many conditions that cause addi- 
tional expenses not incident the electric locomotive. 

Reduced Cost Grand Central Terminal 
the partial use steam switching locomotives, and the presence 
the New Haven Company’s steam road locomotives the terminal, 
the full benefits change motive power have not yet been secured. 


net saving cost road service. 


No. of test. 


10 


7 
4 
i 
12 
3 18 
| 
| 16, 
| 1? 
18. 
| 
a1 
| 
Total 
Aver- 
age. 
— 
ot: 
1 
2 
3 
4 
6 
6 
7 
8 
10 
2 
13 
i 
2 
2 
2 
2 
Tot 
Ave 
age 
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rst 
nds r ton-mile of cars..:. 0.67 
Watt-hoars per ton-mile of cars........ 3.6 
GRAND CENTRAL TERMINAL, MADE BETWEEN SEPT 
Swrresixa, Grawp Cxrwrrat Station. Havime—G. C. 8. ro 
Li 8 & 5 Bo & 8 3 
1¢ jKlectric.§ 1.58) 3.92) 0,96) 4.88) 8,27) 33 4,64) 8.85) 2.82) 11.81) 0.00778) 0.0171 | 0.34} 8.98) 6.01) 8.60) 8.61] 108.21 48027| 39746 
Swrrowme, Granp Cenrrat, WakerieLp Norra Waite Praihs Yarps. WAKEFIELD axp NortTa 
10 0.86) 4.46) 3.15) 5.82) 2.04) 8.51) 38.70 5.18) 4.57) 6.78) 10.95) 123.47 42) 32502) 20868 
“4 1,01) 4.47; 2.90) 7.46) 6.80 2.28} 3.68) 38.70) 9.71, 0.0150 6.09) 8.05) 5.49) 0.44) 145.74 40) +37 906) 24080) 3960). 
en 19 0.76) 4.67) 7.17) 11.84) 5.45) 4 4.08) 8.90) 6,85] 14.90] 0.0156 8.87| 1.54) 6.49} 8.08) 25) 28870) 11400) 3 390 5 
Items. Hauling. Total. 
Pounds coal per ton-mile of cars....... 1.2 1.41 
Galions water per ton-mile of cars. 0.88 1,01 
Watt-bours per ton-mile of cars... 52.8 &.8 


OMPARATIVE STEAM AND SWITCHING AND SERVICE: 
RAND CENTRAL TERMINAL, RUNS MADE BETWEEN SEPTEMBER 12TH AND 27TH, 1907. 


Havime—G, C. 8. ro axp Morr Haven Yarp, 


3 


Idle. 


Division, RUNs MADE BETWEEN OCTOBER 4TH AND 18TH, 1£07. 


Wakeristy Norta Watre G. C. 8. inp WAERFIELD. 


8.78} 0.73) 4,08) 4.76) 74.56 38}. 95.007) 11970 3 170| 4.00\0.45) 3.80 27.96) 
6.64) 6.28) 1.52) 7.75) 156.27 80818) 24967) 8 8.56) 6.29; 47.50) 
3.61) 0.28) 4.58) 4.81) 66.09 26; 28244) 11573) $210) 6.41/0.68 3.68) 4,56) 31,98) 
6.48) 4.49) 6.42] 10.91) 147.96 58| 42925) 28867) 4460 8.84; 7.60) 54.65 
3.47] 1.10) 7.08) 8.18) 74.35 90| 27880} 14869) 42380 2.95) 6,20) 34,34 
8.25) 1.59) 15.86) 16.95) 77.02) 23} +18 865) 15550) 4790 3.75) 8.88) 26.74 
8.90) 1.24) 8.97). 5,21) 79.80) 26) 26783) 12768) $270 3.60) 4.94) 83.06 
5.80] 38.75) 9.11) 12.86) 128.69) 42| 32518; 20762) $580). 8.11] 8.16) 44.96 
4.10} 0.97) 6.55) 7.52) 80.23 86) 28417) 14877) $510 4.06) 6.30) 34.92 
5.18) 4.57| 5.78) 10.95) 123.47) 42) +32502) 20863) 4080). 6.46) 6.79) 43.19 
3.39) 2.18) 8.89) 11.07) 68.4 26) 23870) 11400) 3370) 4.50) 7.84) 88.92) 
2.85) 2.49) 9.01) 11.50) 62.58 26; 16520) 10575) 8710). 8.91) 6.27) 26.73) 
4.57) 2.48) 5.54) 7.97) 89. 29} 90472) 14792) 3 240) 4.54) 6.80) 80.94) 0. 
6.00} 8.95) 5.49} 9.44) 146.74 +387 906) 24060) 3 960) 6.75) 6.79) 47.66) 0. 
8.28; 1.22) 6.27) 7.49) 68.40 19312) 760 8.14) 5.84) 83.50} .0, 
6.42] 6,40) 5.38) 10.87) 140.88 49| 37530) 23202) 3 620). 7.61| 7,56) 49,87) 0. 
8.46] 1.14) 7.25} 8.30) 69,73 29) 25224) 13023) $770) 2.96) 6.43) 85.41 
1,96) 1.83) 13.55) 15.88) 60 96 24) 11 991) 6 150). 3.01) 7.57) 24.56 
8.87] 1.54) 6.49) 8.08) 68.40) 25) 28870] 11400) 8 390 8.63) 6.18) 35,26 
6.21) 5. 6.37) 11.45) 147.05, 88632) 24663; 3970). 7.00| 7,72) 50.81 
8.92) 1.68) 6,00) 7.68) 68.40 25) 28870) 11400| 8 8.26) 5.98) 85. 
6.07| 4.94) 4.88) 9.82) 148.92 49| 38467) 4 6,70) 6.94) 46. 
4.12) 0.54) 5.14) 5.68) 68.40 23) 23370) 11400) 2 2.99) 6.81) 86, 
5.59) 5. 6,40) 11,78) 187.61 44| 34914) 21841) 8 6.63) 7.50): 44. 
8.91) 1,65) 5.36) 7.01) 79.80 29} 27180) 18224) 8 8.68) 6.92| 42. 
6.17| 4.60) 7.25) 11.85) 148. 48; 87701) 2712) 8 7.49) 7.87) 49. 
8.87] 0.76) 4.94) 5. 7 80 28) 26783) 12768, 8 8.04) 5,18) 87. 
5.99) 4,96) 7.18) 12,08) 147,72 52) 99725) 25.602) 4 7.17| 7,90; 50. 
62,15) 17.41) 81.99) 99.40)1 086.56) 889) 858.681) 177 286. 
74.00) 59,85) 108.65|163.00\1 767.00) 606) 465 026) 801 156). . 
8772) 1,24) 5.86) 7.1 74.04 28} 25620) 12660 
6.84] 4.24) 7.40) 11.64) 126.22 43) + 83210) 21510 


io | | Ton-milea, | Supplies. | Unit costs. 
— 
0.16) 2.38 
0.83) 4.15 
0.870/18.55 


< iL Rs = = = 


OSHS HOCH CANS RATT 


. = 


$s 
0.67 
0.58 
0.87 
0.61 
0.50 
0.85 
0:49 
0.41 
0.41 
0.76 
0.40 
0.54 
0.61 
0.87 
0.39 
0.51 
0.37 
0.68 
0.96 
0.438 45 : 


Qy * Portion of time of locomotives engaged in other service not shown in this table. + Switching and hauling done by same locomotives, 
+t Total time of locomotives in all classes of service. 
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Roap 


watt-hr. 


- Portion of time of locomotives engaged in other service not shown in this table. + Switching and hauling done by same locomotives. 
t+ Total time of locomotives in all classes of service. 
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However, the same wage basis for 1907 for 1906, the month 
August, 1907, showed decrease cost terminal locomotive 
yard operation nearly although the number cars 
out from 984 68519. other words, the cost opera- 
tion decreased while the work done increased 53%, which 
equivalent net saving per cent. 


Increased the fourth 
revenue from larger volume business—no definite conclusions 
reached until the extension electrical service and the com- 
pletion the various other improvements afford opportunity for 
frequency and speed train service; for the production 
revenue from various sources the terminal; and for the expansion 
business that sure follow the enlargement the facilities 
the company throughout the suburban zone, not only regards the 
service, but even larger degree from long-haul freight 
passenger traffic. 

Summary Results—To summarize, the observations thus far 
made demonstrate that this pioneer electric installation heavy- 
traction trunk-line work the United States has fully accomplished 
the purposes that prompted its adoption, namely: 


(1).—Abolition nuisances incident the steam locomotive; 
and 

(2).—Increased the Grand Central Terminal, 

full year advance the date fixed law; and addition: 

promise, with the completion the changes, 
saving, cost operation, from 27%, after pro- 
viding for increased capital charges for electrification; 
and 

(4).—The outlook large future growth remunerative 
traffic, and other sources revenue attendant the use 
electricity, much more than sufficient provide for the 
increased capital charges for the other improvements. 


Several years will consumed the gradual rounding out the 
work whole; but gratifying have this early indication 
the success the undertaking from both the engineering and financial 
standpoints. 
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Other Operating from these results, in- 
teresting note the conclusions, suited this particular problem, 
that may drawn from study the various observations. 

Equipment designed for the electric system over which 
operate offers economies superior overshadow any other ad- 
vantages that may claimed for kind equipment that can 
operated over several systems. 

switching service, the economy electric traction lies savings 
for supplies, and lower unit fixed charges and repairs due less 
lost time for repairs and care. 

slow-speed hauling, the advantage lies the lower unit fixed 
charges and repairs the electric locomotive, due its ability 
more work while busy, and less lost time for repairs and care. 

High-speed road service shows advantages for electric traction 
all three items: supplies, wages, and fixed charges and repairs. The 
small 18% increase current consumption for the greater speed 
road service, compared with hauling service, marked contrast 
the 165% increase coal consumption for steam traction. 

Opportunities for large economies lie the thorough training 
motormen the manipulation their controllers, very simple 
problem compared with the difficulties teaching both the engine- 
men and firemen steam locomotives perform their duties 
result fuel economy. 

Maintenance Track and yet too early ex- 
press dollars the comparative effect steam and electric traction 
the cost maintaining and renewing tracks and structures. Re- 
peated systematic inquiries all foremen charge electric zone 
track maintenance, and the motormen operating electrical equip- 
ment, have brought out the practically unanimous opinion that the 
effect electric locomotives, apart from slightly greater wear 
switches, does not differ from steam motive power, either line 
surface tracks, but that the former has better riding qualities. The 
superiority electric traction manifest, course, the cessation 
costly corrosive action locomotive gas metallic structures, 
and the freedom from cinders which, with the steam locomotive, cause 
heavy maintenance costs for cleaning, rock ballast, and pointing brick 
tunnel arches. 


Personnel Engineering Department.—This paper would in- 


complete without expression the writer, first Chief Engineer 
and later Vice-President the Company, his deep appreciation 
the enthusiastic co-operation, and the able and earnest assistance 
those associated with him bringing this work successful 

The general principles and policies electrical matters were deter- 
mined Electric Traction Commission, the members which, 
addition the writer Chairman, were Bion Arnold, Am. 
E., Am. Inst. E.; Frank Sprague, Am. E., 
Am. Inst. E.; George Gibbs, Am. Soc. E.; and the Gen- 
eral Superintendent Motive Power, Rolling Stock and Machinery, 
New York Central Lines, first Arthur Waitt, Am. Soe. E., 
Am. Soc. E., later succeeded Mr. John Deems. Edwin 
Katte, Am. Inst. E., Am. Soc. E., Electrical Engineer 
the company, acted Secretary. 

The other improvements, including the preparation plans and 
specifications, and the execution all work, including electrification, 
contract and company forces, were under several corps, the heads 
which, for the purpose co-ordinating their efforts, formed the 
Construction Committee. Among the members this Committee, in- 
cluding the writer Chairman, were Mr. Charles Reed, Executive 
the Associated Architects for the Electric Zone, Messrs. Reed and 
Stem, and Warren and Wetmore; Mr. Knowlton, Principal 
Assistant Engineer; Mr. Katte, Electrical Engineer; George 
Harwood, Am. E., Terminal Engineer; Mr. Azel Ames, 
Signal Engineer; Mr. George Berry, Engineer Company Forces; 
Mr. Henry Stahl, Office Engineer; Mr. Victor Spangberg, Design- 
ing Engineer; and Mr. Holst, Bridge Engineer. Associated with 
this Committee were also Mr. Ira McCormick, General Superin- 
tendent the Electric Zone, and Hardin, Assoc. Am. Soc. 
E., Assistant General Manager, representatives the operating 
department. 

the many contractors, who with few exceptions performed their 


work with skill and fidelity, appreciative acknowledgments are also 
extended. 
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THE SACRAMENTO AND SAN JOAQUIN RIVER 
BASINS, 


Soc. E., anp Martin, Jun. Am. Soc. 


INTRODUCTION. 


The Sacramento and San Joaquin Valleys were visited, March, 
1907, one the most destructive floods that have ever occurred 
California, the resulting financial loss being unquestionably greater 
than that from any other flood which there record. The greatest 
damage was done the valleys the trunk streams, especially Sacra- 
mento Valley. The Lower Sacramento River and its two largest 
tributaries, Feather and American Rivers, reached the highest stages 
ever recorded, and record stages were reached other tributaries 
the Sacramento and the San Joaquin and its tributaries. 

The flood was remarkable many respects. the first place, 
was preceded period heavy precipitation, and consequent flood 
stages all the streams, condition which had prevailed intermittently 
for several preceding weeks. result, the earth was thoroughly 


*The upon which this paper based were collected the Water Resources 
Branch the United States ological Survey co-operation with the State California, 
and the paper permission the Director the Survey. 

Further acknowledgments are due Mr. Scarr, the district forecaster 
the United States Weather Bureau, and the engineering department the 
Southern Pacific Railway, for data furnished. 


+This paper will not presented any meeting, but written communications the 
subject are invited for publication with Transactions. 
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saturated, end all the surface basins which impound and store flood 
waters temporarily were full. Particularly was this true the large 
flood basins each side the Sacramento River. Then, too, this 
flood was due general precipitation extraordinary intensity 
throughout the entire drainage basin (the storm covering period 
several consecutive days), and also comparatively high tempera- 
ture and consequent rapid melting snow the higher altitudes. 

This flood was remarkable, also, because the record-breaking 
stages many the streams, such the Lower Sacramento River 
and the Feather, Yuba, and American Rivers. Not only were they 
higher than ever known before, but they maintained their high stages 
for moderately long period. All the other streams the water-shed 
also maintained high stages for like period, that the resultant was 
flood exceptional height and extent, and considerable duration. 
For the 4-day period, March 18th 21st, the mean rate run-off 
from the mountains and foot-hills the Sacramento Basin alone was 
about 530000 cu. ft. per sec., more than cu. ft. per per sq. 
mile. 

During this flood, special effort was made the engineers the 
United States Geological Survey obtain valuable flood data. The 
flow nearly all the important tributaries both the Sacramento and 
San Joaquin River systems was gauged the foot-hills above the point 
débouchure. The flow from the mountains and foot-hills 
the Sacramento Basin was measured eleven gauging stations. 
the San Joaquin Basin the flow from 41% the mountains and 
foot-hills was measured six gauging stations. Unfortunately, 
gaugings were made the San Joaquin itself. 

believed that the data obtained during this flood will fully 
repay the State California for its generous co-operation with the 
United States Geological Survey the study its water resources. 
Data are now available for planning for these great valleys more 
comprehensive reclamation system than has been possible heretofore. 
The importance the data collected will appreciated when 
recalled that the rate run-off from the mountains and foot-hills 
the Sacramento Basin alone for period consecutive days, March 
18th was 112% greater than the rate used maximum 
the 1904 Commission Engineers, after careful study all flood 
data record, including those the 1904 flood. doubtful 
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any combination causes conditions will ever produce larger 
rate delivery water this valley for 4-day period than occurred 
during the flood March, 1907. 


AND DRAINAGE THE WATER-SHED. 


California traversed, general northwest-southeast direction, 
two distinct and approximately parallel ranges mountains which 
extend almost the entire length the State. Near the eastern border 
the Sierra Nevada; not far from the shore line the west the 
Coast Range. These two ranges merge into each other about miles 
south the California-Oregon boundary line, the meeting point being 
Mount Shasta, which has elevation 14380 They are merged 
again south Bakersfield cross-range known Tehachapi 
Mountains. 

The elevation the Sierra Nevada ranges from 6000 ft. 
east Mount Shasta the north, 14501 ft. south Yosemite 
National Park where the range culminates Mount Whitney. 
3eckwith Pass, about 150 miles south the northern boundary 
line, the lowest pass through the range, and has elevation 
ft. The Coast Range comparatively low, and unbroken ex- 
cept Carquinez Strait and the Golden Gate which permit the drain- 
age through Suisun Bay reach the 

The Sierra Nevada and Coast Ranges, merging the north and 
south, water-shed approximately 58000 sq. miles area, 
with single outlet near the middle the western side. This water- 
shed somewhat elliptical shape, and has length about 540 
miles from north south and width varying from 120 150 miles. 
drained two large river systems, the Sacramento the north 
and the San Joaquin the south, and these are quite commonly re- 
ferred the Sacramento and the San Joaquin River Basins. 

Sacramento River has its source the region Mount Shasta, 
and flows almost due south through the trough the water-shed until 
discharges into Suisun Bay. The San Joaquin rises the Sierra 
Nevada, the region Mount Lyell, just east Yosemite National 
Park, elevation 13000 ft., and flows southwestward until 
emerges from the foot-hills into the trough the valley, when turns 


and flows northwestward its junction with the Sacramento near 


Suisun Bay, through which the combined volume the two systems 
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finds outlet the Pacific way San Pablo and San Francisco 
Bays and the Golden Gate. 

The drainage the water-shed determines its division into three 
distinct basins: the north the Sacramento Basin, 27100 sq. 
miles area, drained the Sacramento River and its tributaries; 
the center the San Joaquin Basin, about sq. miles area, 
drained the San Joaquin and its tributaries (excluding Kings 
River, which, for reasons given later, classified under the Lake 
Basin); the south the Lake Basin, with area about 600 
sq. miles, containing several lakes with their tributary drainage, but 
the present time having outlet discharging the sea. 

That portion the three basins which inclosed the sharply- 
defined line the foot-hills called the “Great Valley California.” 
This valley has length about 400 miles from north south, 
average width about miles, and area probably 15000 sq. 
miles, and surrounded steep mountains. The western mountain 
slope—that the Coast Range—is comparatively narrow, having 
average width about miles. Considering the entire length 
the district, from north south, the precipitation, whole, light, 
and perennial streams are few, but, the region about Clear Lake 
and Mount St. Helena, the Lower Sacramento Basin, the precipita- 
tion remarkably heavy, and occurs almost entirely rain. The 
eastern mountain slope, which has average width about miles, 
visited rather heavy precipitation throughout almost its entire 
length from north south, particularly the central part the 
Sacramento Basin. large percentage the precipitation occurs 
snow the higher elevations. From this slope come all the larger 
tributaries the Sacramento and San Joaquin Rivers and the 
Joaquin itself, well the principal tributaries the Lake Basin. 
The change from mountain valley quite abrupt along well- 
defined line, but the slope the valley gentle and uniform. 

What commonly called the Sacramento Valley extends north- 
ward only Iron Canyon, near Red Bluff. the Report the Com- 
missioner Public Works the Governor California, 1894 


(page 28), the valley described having total area about 


sq. miles, divided follows: 2510 sq. miles high lands, not sub- 


ject overflow; 450 sq. miles lower lands, overflowed occasionally 
high floods; 1250 sq. miles low lands, overflowed 
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and sq. miles perennial stream surface. Below the mouth 
Stony Creek (Plate XXIII and Fig. the central portion the 
valley flood plane unusual extent, the immediate river banks 
being from ft. higher than the land either side some distance 
from the river. the vicinity the river banks the ground slopes 
rapidly from the river toward the trough the flood basins either 
side, but, the bottom the trough approached, the slope becomes 
more gradual. The lowest portions the flood-basin troughs are from 
miles from the river channel. 

The large flood basin the west side the Sacramento divided 
into two smaller basins ridge débris brought down Cache 
Creek. These are the Colusa Basin the north and the Yolo Basin 
the south. The large flood basin the east side the Sacramento 
divided into four smaller basins Marysville Buttes and the Feather 
and American Rivers. From north south, they are called Butte 
Basin, Sutter Basin, American Flood Basin, and Sacramento Flood 
Basin. Fig. shows the position the flood basins. The following 
data regarding the area and capacity these smaller flood basins are 
taken from the Report the Commissioner Public Works the 
Governor California, for 1894: 

Colusa Basin miles long, from miles wide, and has 
capacity 690000 acre-ft. flood stage. discharges into Sacra- 
mento River above Knight’s Landing through Sycamore Slough. 

Yolo Basin has length miles, average width miles, 
and capacity 1115000 acre-ft. flood stage. discharges 
through Cache Slough into Steamboat Slough, and thence into the 
Sacramento near the foot Grand Island, about miles above the 
head Suisun Bay. 

Butte Basin north Marysville Buttes, and has area 
from 150 sq. miles, depending upon the river stage, and capacity 
460000 acre-ft. flood stage. discharges through Butte Slough 
into Sutter Basin. 

Sutter Basin south Marysville Buttes and north the Feather 
River. has area 138 sq. miles, and capacity acre- 
ft. flood stage. discharges through sloughs into Sacramento 
River above the mouth Feather River. 

The American Flood Basin south Feather River and north 
the American. has area 110 sq. miles, and capacity 
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acre-ft. flood stage. discharges into the Sacramento north 
the City Sacramento, but, owing its great depth, never 
free from water. 

The Sacramento Flood Basin narrow strip south the Ameri- 
can River, extending from the City Sacramento Walnut Grove. 
Its area and capacity are unknown. flooded overflow from the 
Mokelumne River and the breaking levees the east side the 
Sacramento, but not frequently the other basins. 

What popularly known the San Joaquin Valley includes the 
real valley the San Joaquin Basin and the valley portion the 
Lake Basin. area one, physiographically and historically, but, 
for the purpose this discussion, has been found 
divide it. What here meant the San Joaquin Valley, therefore, 
that portion the San Joaquin Basin below the line the foot- 
hills. comprises area about 5890 sq. miles south Sacra- 
mento Valley and north Kings River and the lakes the Lake 
Basin. portion the discharge from Kings River reaches San 
Joaquin River, but discussion excluded from this paper be- 
cause the impossibility estimating its amount from the data 
hand. The San Joaquin Valley has well-defined flood basins, like 
the Sacramento Valley; has, however, considerable areas marshy 
lands adjoining the San Joaquin River, especially along the lower 
course the river, and also large flood plane which overflowed 
annually. 

The Lake Basin was originally part the present San Joaquin 
Basin. Many years ago, the southern half the Great Valley 
California received its drainage from the Sierras through series 
practically parallel streams flowing southwest direction the 
trough the valley, where their waters were gathered into one main 
channel which discharged into Suisun Bay. The San Joaquin River 
was one these streams. later years, however, those streams south 
the San Joaquin built large deltas which projected into the 
trough the valley. Kings River, just south the San Joaquin, and 
Kern River, near the southern end the valley, built particularly 
pronounced deltas, which extended completely across the old valley 
trough, practically isolating that portion south Kings River Delta. 
This region contains several lakes present. Among them are Kern 
and Buena Vista Lakes, south and west Bakersfield, and Tulare 
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Lake, about miles farther northwest. Kern River flows into Kern 
and Buena Vista Lakes, and, during high river stages, portion 
Kings River flows into Tulare Lake. During moderately low stages, 
practically all the water from these streams taken out near the head 
the deltas and used for irrigation, that only the surplus water 
reaches the lakes. very wet years, portion the water from 
Buena Vista Lake may pass northward into Tulare Lake, and, under 
very exceptional conditions, Tulare Lake would drain into San Joaquin 
River. late years, however, there record any overflow from 
Tulare Lake into the San Joaquin; the other hand, the lake has 
been dry portion the time, 1905, although since that year 
has partially filled again. Further discussion this basin omitted 
from this paper. 

Along the lower courses the Sacramento and San Joaquin 
Rivers large delta has been built up. this delta region, each 
the rivers has two more channels certain portions its course, 
especially the higher stages. Numerous distributing and cross- 
sloughs extend from one channel another, and even from one river 
the other flood stages, and many islands are thus formed. These 
islands are very fertile, but they are overflowed every year unless pro- 
tected levees. Many them, more particularly those along the 
Sacramento River, which vary size from 1600 acres, have 
been reclaimed, and are now protected from overflow levees. (See 
Fig. 1.) 

The chief tributaries the Sacramento River are the Pit, Feather, 
and American Rivers, named order from north south. They 
have their sources the summit the Sierras, and -flow south- 
westerly courses. McCloud River the principal tributary the 
Pit, and enters from the north. Yuba and Bear Rivers are the main 
tributaries the Feather, and join from the east. The most im- 
portant tributaries the Sacramento from the west are, order from 
north south, Stony, Cache, and Puta Creeks, but the last two are 
lost the flood basins, and not really reach the main channel 
the river. 

San Joaquin River receives all its principal tributaries from the 
east. They are, order from north south, Mokelumne, Calaveras, 
Stanislaus, Tuolumne, and Merced Rivers. They rise the Sierras 
and flow westward practically parallel courses. Cosumnes River 
tributary the Mokelumne from the northeast. (See Plate XXIII.) 
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CLIMATE. 


The climate California probably one its most valuable 
assets. The principal factors affecting the climate are proximity 
the Ocean, and diversified topography. The warm Japanese 
ocean currents, which bathe about 1000 miles the coast line, serve 
equalize the temperature normally affected both seasons and 
latitude. The influence the topography such that altitude rather 
than latitude the chief factor affecting temperature. 

regards precipitation, the year divided into two well-defined 
seasons, the “rainy season” from November March, and the “dry 
season” from April October. The rainy season usually marked 
series storms, greater less severity, which form the 
Pacific Ocean and move eastward the coast, depositing their moisture 
before crossing the Sierra Nevada. The centers the most severe 
storms generally strike the coast the State Washington and then 
move southward through Oregon into California between the mountain 
ranges. These storms almost invariably make their appearance late 
winter early spring, being, rule, most severe about the time 
the vernal equinox. this season the precipitation quite general 
throughout the State, increasing with altitude and also with latitude. 


AND CAUSES. 


During the winter and early spring each year, toward the end 
the rainy season, the various streams the Sacramento and San 
Basins generally reach their highest stages. The most serious 
flood conditions invariably exist the lower courses the trunk 
streams, the Sacramento and the San Joaquin. the Sacramento 
River, particular, serious damage inflicted crops and trans- 
portation interests almost every year. course, the destructiveness 
any flood measured largely its height and duration. these 
basins the maximum height, and generally the greatest duration, 
floods the primary streams result from the simultaneous flooding 
all the secondary and tertiary streams, condition which obtains 
when there period long-sustained precipitation throughout the 
entire water-shed, accompanied high temperature and rapid melting 
snow the higher elevations. was such condition that brought 
about the flood March, 1907. 
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Other conditions that contribute more less all floods this 
area are the following: 

1.—The steep, barren, and impervious slopes the mountains and 
foot-hills, which result streams heavy grades and the rapid de- 
livery water the valleys. 

2.—The broad, flat valleys, with light grades and sluggish streams. 

3.—The limited channel capacity. said that some the 
trunk channels are not large enough carry even one-third the 
flood flow. Particularly this true the Sacramento River. Here 
the surplus water overflows into the flood basins, the result being 
either increase diminish the stage the lower course the river, 
depending the volume water the flood basins the beginning 
the flood period and the duration the period. 

common outlet the two river systems, with large tribu- 
taries each system discharging into trunk streams near this outlet. 

5.—The constriction the flood area the delta the two rivers 
through the reclamation large areas overflow land levees. 

6.—The deposition the débris resulting from hydraulic mining 
several tributaries the Sacramento River, the result which has 
been the filling channels and the reduction gradients, there- 
raising the flood plane several feet. 
tidal and wind action the delta the two rivers. 


PRECIPITATION. 


the Sacramento Valley, the mean annual precipitation varies 
from in. the southern in. the northern part, while, th: 
tributary foot-hill and mountain areas, varies from 
with maximum 100 in. the San Joaquin Valley. 
the mean annual precipitation varies from in. the southern 
in. the northern part, and the foot-hill and mountain areas 
varies from in. the Sierras, the greater part the pre- 
cipitation normally the form snow, and the magnitude 
floods depends largely its rate melting. heavy, warm rain 
deep, freshly fallen snow produces maximum 

January and February, 1907, there were two periods heavy 
and long-sustained precipitation, one from January 17th, anc 
the other from January 24th February 4th. The precipitation was 
unusually heavy over the Sacramento Basin, diminishing 
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the south. The precipitation during the first these periods 
produced the ordinary winter stages the tributaries the Sacra- 
nento River; that during the second period produced flood stages 
the tributaries both the Sacramento and San Joaquin Rivers and 
high stages the Lower San Joaquin. American and Bear Rivers 
eached stages almost high the great flood the following 
nonth. Yuba River was higher than any time previously re- 
corded. 

March there were two precipitation periods,. one from the 
‘he 11th, which the amount rainfall was moderate, and the other 
‘rom the 16th the 25th, which was extraordinarily heavy. The 
precipitation the latest period was accompanied unusually high 
mean temperatures, especially the higher altitudes, from the 
River south the Tuolumne, causing very rapid melting 
snow and exceedingly large run-off. The average from fairly rep- 
resentative stations throughout the basin shows that the 
mean temperature for March 17th 20th was about above the mean 
for the month, with low daily maxima resulting from cloudiness and 
rain, and high daily minima due the liberation heat the 
storm. The average greatest daily range this period was only 
degrees. These facts indicate that probably all stations with monthly 
mean temperature high 25° had any freezing condi- 
tions from March 16th 20th, when the precipitation was heaviest. 
Further, they show that, out 113 stations located various eleva- 
tions throughout the Sacramento and San Joaquin drainage basins, 
105 them all the precipitation from March 17th 20th was prob- 
ably the form rain snow melting condition. 

Table shows the monthly precipitation from January March, 
1907, the daily precipitation for the three days, March 17th, 18th, and 
when was greatest, and the precipitation for the ten days, 
March 17th 26th, for 120 places the Sacramento and San Joaquin 
varying altitude from 7017 ft., arranged according 
basins tributary streams. Where possible, the monthly precipita- 
tion for the period January March, 1904, also given, for com- 
parison with the great flood that year. 

Table shows the average precipitation and average mean tempera- 
tures for March stations arranged according stream basins 
and order altitude. 
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Table shows the results stations ranging altitude from 
5270 ft., the data having been taken from the Climatological 
Report the United States Weather Bureau for March, 1907. These 
particular stations were selected because they are the only ones the 
basin for which daily temperatures have been published. They are 
fairly well distributed, both regards area and altitude, and are prob- 
ably representative any that could have been chosen. This 
also shows the extraordinary intensity precipitation from 
17th 26th percentages with reference the total for the month, 
and also the normal for the month, covering period years 
average. 

These tables show conclusively that the precipitation from March 
17th 26th, and particularly March 17th, 18th, and 19th, was 
phenomenally heavy for this section the country. This large pre- 
cipitation rather evenly distributed throughout all the river basins, 
but there very noticeable and quite rapid, though comparatively 
regular, increase with the altitude. During the month, sixteen stations, 
with elevations more than 3500 ft., had more than in. depth 
precipitation; about forty stations, with elevations more than 
1500 ft., had more than in.; and fully one-third the total pre- 
cipitation for the month fell March 17th, 18th, and 19th. one 
these three days, seventeen stations, with altitude more than 
2000 ft., had precipitations from in. hours. note- 
worthy that the range temperature with altitude was quite regular, 
and that there were very low temperatures even very high eleva- 
tions. highly probable that elevations ft. large part 
the precipitation occurred rain snow which melted rapidly. 
Indeed, Inskip, the Feather Basin, with elevation 4850 
ft., 24-hour rainfall in. was reported. Taking record 
years average throughout the basin, seen that about 88% 
the normal precipitation for March occurred March 17th, 18th, and 
19th, 1907, or, counting days normally rainy this month, the 
intensity this 3-day period was about 600% the normal intensity 
for the month. During these days the average precipitation the 
sixteen stations, principally the Feather and Yuba Basins, having 
more than in. during the month, was 145% the normal for the 
month, average intensity 1000% the normal. 
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TABLE 1.—PRECIPITATION. 


RAINFALL STATIONS. 


111 


PRECIPITATION, INCHES. 


=| n a a 
SACRAMENTO DRAINAGE BASIN. 
| | | | | 
| | | | 
| | | | 
| | | | 
| | | | 
1907 6.45) 2.09, 8.39 16.93'1,61/0.87 0.45 
| | | | 
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150 1907 


Mar. 
17th-26th. 


Mean tempera 
ture for March. 
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TABLE 1.—( 


RAINFALL STATIONS. PRECIPITATION, INCHES. 


| 


| 


Elevation. 
Total, 
months. 
Mar. 18th. 
‘Mar. 19th. 
Mar. 
17th-26th. 


RIVER DRAINAGE BASIN. 


| 


Pit RIVER DRAINAGE BASIN. 


10.60 


| 


| 
| | 


FEATHER RIVER DRAINAGE BASIN. 


49. 


9.% .48 24.51) 38.56 


Meadow Valley 730 1904 


Quincy 


36) .80) .50/0.97 0.860 .25 

11907) 24.63! : 5.55'6.66 7.90 6.16 


32.86 


Mean tem 
ture for 


era- 
rch. 


50.8 


37.0 
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1.59) 
35.6 
24.42) 41.9 
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TABLE 1.—(Continued.) 


113 


RAINFALL STATIONS. PRECIPITATION, INCHEs. 
YUBA RIVER DRAINAGE BASIN. 
| 
| | 
BEAR RIVER DRAINAGE BASIN. 


‘ 
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TABLE 1.—(Continued.) 
RAINFALL STATIONS. PRECIPITATION, INCHES. 
= 
AMERICAN RIVER DRAINAGE BASIN. 
1907| 30.20] 59. 19.45, 30.0° 
1907, 7.09 6.72 14.10) 50.0 
| | 
| 
| | | 
STONY CREEK DRAINAGE BASIN. 
11907, 14.85) 4.60 15.68) 35.08'........ 
| 
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TABLE 


KAINFALL STATIONS. PRECIPITATION, INCHES. 
| | = = = | = 
CACHE CREEK DRAINAGE BASIN. 
| 
| | | i 
CREEK DRAINAGE BASIN. 
3.8 
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TABLE 1.—(Continued.) 


| 


RAINFALL STATIONS. PRECIPITATION, INCHES. 


Mar. 
Mar. 19th. 
Mean tempera- 
ture for March 


Elevation 
Date 

Mar. 17th 
Mar. 


SAN JOAQUIN DRAINAGE BASIN. 


293 
Grand 
| | | 
Mendota 
1907 
| 
Merced 


296 


ac 


52.8° 
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0.64, 55. 
11.00 0.00 0.00 
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TABLE 1.—(Continued.) 


RAINFALL STATIONS. PRECIPITATION, INCHES. 
COSUMNES DRAINAGE BASIN. 
MOKELUMNE RIVER DRAINAGE BASIN. 
| | 
| | 
| 
CALAVERAS DRAINAGE BASIN. 
| 


| 


‘ 
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TABLE 1.—(Continued.) 
RAINFALL STATIONS. PRECIPITATION, INCHES. 
i@e 
STANISLAUS RIVER DRAINAGE BASIN. 
| | | 
TUOLUMNE RIVER DRAINAGE BASIN. 
| | 
| | } 
| | 
MERCED RIVER DRAINAGE BASIN. 
117 Summerdale.............. 270 1904 14.96 17.09) 34.66 
} | | | 
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TABLE 2.—RAINFALL STATIONS, ACCORDING ELEVATION, 
FOR MARCH, 1907. 


TIONS. 
Mokelumne ......... | 8,25 49.0° 18.01 58.2° 48 
rerage | | | | 


the precipitation from January March, 1907, 
with that for the same period and stations 1904, shows that, for the 
average all stations the water-shed, the precipitation was greater 
1907 than 1904, and that the difference increases from the north 
toward the south, but the percentage favor the former quite 
small. examination Table shows that the precipitation for 
January, 1904, was quite light compared with that January, 1907, 
while the precipitation for February, 1904, was much heavier than 
for February, 1907. The comparison for March, however, most 
regards the floods 1904 and 1907. Such com- 
parison made Table where seen that, with the exception 
the River Basin, the precipitation throughout the water- 
shed was much greater 1907. the basins the tributaries the 
Sacramento River from the east, the rainfall March, 1907, was 
from 41% greater than March, 1904, while for basins the 
west only from greater. For the San Joaquin River 
and its tributaries the percentage much greater, ranging from about 
per cent. The distribution the precipitation during the 
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TABLE TWENTY-FOUR STATIONS, RANGING 
ALTITUDE FROM 270 FEET. 


PRECIPITATION MARCH, 1907. TEMPERATURE. 
March March March 
& 
13 3.31| 124 48 16 37 344° 42.0° 19° 
Greenville ....| Feather..... 18 | 24.51] 371 81 54 254 378° 40.5° 14° 
CO eee Calaveras... 17 9.27| 133 53 24 56 51.2° | 58.38° 13° 
Nevada City..| Yuba........ 15 | 24.62) 193 69 38 111 41.6° 48 2° 19° 
No. Blmfid....| Yuba........ 10 28.64) 254 7 44 156 39.8° 45.5° 23° 
Quincy........ Feather..... 12 30.15 853 85 54 244 35.8° | 41.4° 16 
Shasta.. ...... Sacramento. 11. 14.47) 167 76 33 83 48,6° 47.4° 19 
Upper Lake..| Cache....... 22 10.63) 75 45 152 496° 50.8° 16° 
Wheatland....) Bear......... 20 9.64) 247 64 33 109 50.6° 56.7° 17 
Average above Sta- 
| 


:—These selected stations are fairly representative regards both 
and precipitation. observed that the average the mean temperature, March 17th- 
20th, 5.2° above that for the month. 


month, however, most vital significance. For March, 1904, the 
precipitation distributed quite evenly throughout the entire month, 
though the intensity noticeably greater during the equinoctial week. 
For March, 1907, however, not only the total precipitation for the 
month considerably greater than 1904, but its periodic occurrence 
series storms more pronounced. During the 10-day period 
centering about the equinox, the intensity was great that about 
the total precipitation for the month occurred this time, while 
more than 30% was recorded March 17th, 18th, and 19th. 
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TABLE PRECIPITATION SACRAMENTO AND SAN 
Basins, 1904, anp Marcu, 1907. 


PRECIPITATION. PERCENTAGE 


Number DIFFERENCE. 
River basin. precipitation 
| | 
2 | 17.60 22.57 28 
a. eS 2 | 9.54 9.80 3 
Cosumnes ....... 12.58 16.84 


| 
| 


| 
| 
| 
| 


STREAMS. 


the following pages recorded the daily flow the various 
streams the Sacramento and San Joaquin Basins for the days, 
March 16th-26th, also the mean daily flow for the 4-day period, March 
18th-21st, all places where gauging stations were maintained. The 
figures given herein are not the final figures they may appear 
the Annual Report the United States Geological Survey, but they 
will not differ materially from them. all cases believed that 
the estimates are quite conservative, and rather inclined too low 
than too high. 

Pit river drains long, comparatively narrow, and 
high mountainous area the northeastern part the Sacramento 
Basin. this area are several large reservoir sites. Those surveyed, 
June, 1905, have capacity 6000000 acre-ft., but Big Valley 
Reservoir, above Bieber, with capacity 3196000 acre-ft., all 
probability the only one that could utilized for flood control. The 
precipitation this basin above Bieber was comparatively light, and 
occurred mainly snow, that the run-off per square mile was small. 

The gauging station about miles below Bieber and about 
miles direct line above the mouth the McCloud River. The 
area above this gauging station 2950 sq. miles. Table contains 
data the flood flow this station during the flood 1907. 


re 
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Date, 1907. Gauge height. cubic feet 


per second. 


2770 


Period. feet per second. Total run-off, acre-feet. 


March 600 195 000 


Estimated. 


The mean rate flow for the hours when was greatest was 
9.3 cu. ft. per sec. per sq. mile, and the mean rate for the consecutive 
days, March 18th-21st, was 8.3 cu. ft. per sec. per sq. mile. This small 
run-off was due light precipitation and the slow melting the 
snow. 

McCloud River, the principal tributary the 
Pit River, drains long, narrow, mountainous, timbered strip about 
676 sq. miles the north side the Pit River Basin, including the 
southern and eastern slopes Mount Shasta. Its low-water flow 
remarkably large, never having been less than 1200 ft. per sec. 
the gauging station years. 

The gauging station miles east Baird Spur, the South- 
ern Pacific Railroad, Post-Office, and the drainage area 
above 608 sq. miles. Table contains data the flow this 
station during the flood 1907. 

The mean rate flow this station for the hours when was 
greatest was 50.0 cu. ft. per sec. per sq. mile, and the mean for the 


consecutive days, March 18th-21st, was 35.5 cu. ft. per per sq. 


Upper Sacramento River—The gauging station the Upper 
Sacramento the foot-hills near Iron Canyon, miles above Red 
Bluff, elevation about 310 ft. above sea level. 


The drainage 
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area above includes 9300 sq. miles mountains and foot-hills. 
About 38% this area above the stations Pit and 
Rivers. Table contains data the flow the river this place 
during the floods 1907 and 1904. 


Discharge, cubic feet 
Date, 1907. Gauge height. per second. 


17th 4.0 210 
9.4 200 
12,0 30 400 
10.65 200 
700 
5.9 8 360 
5.5 400 
4.9 6 060 
4.55 5 800 
8.95 120 
Period Mean daily cubic Total run-off, 
feet per second. acre-feet. 
March 18th-2ist.............. 600 171 000 


Date, 1907. cubic feet Date, 1904. cubic feet 
per second. per second. 
6.6 600 March 16.30 200 
21.4 | 118 000 w 9th..... 18.95 97 200 
26.05 164 000 17.90 88 940 
28.7% | 192 000 15.80 73 700 
18.4 | 92 900 es 13th., 13.30 47 400 
16.8 | 80 800 | 15th 17.25 84 050 
14.3 | 64 000 ‘ 16th 18.30 92 040 
18.25 100 
Mean daily discharge, Total run-off, 
Period. feet per second. acre-feet. 
March 152 000 200 000 


Maximum stage, 29.4 ft.; discharge. 204 000 cu. ft. per sec. 
16th, the stage was maximum stage, ft.: discharge, 224 
cu. ft. per sec. the evening. 15th the stage was 17.4 ft. and the 17th, 


‘ 
TABLE UPPER SACRAMENTO RIVER, NEAR RED BLUFF. 
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The mean rate flow this station, for the hours when was 
greatest, was 20.7 cu. ft. per sec. per sq. mile, and the mean for the 
days, March 18th-21st, was 16.3 cu. ft. per sec. per sq. mile. 

Attention directed the fact, shown Table that, although 
the flow for days the 1907 flood was greater than for any con- 
secutive days 1904, the total flow for March, 1907, only 76% 
that for March, 1904. 

comparing the discharges and drainage areas above the gauging 
stations the Pit, McCloud, and Sacramento Rivers, seen that, 
although the drainage area above the stations the Pit and McCloud 
Rivers 38% that above the station the Sacramento, the com- 
bined flow these two stations only 21% that the Sacramento 
February, and 23% during March. This due 
largely the slower melting snow during these months the 
higher parts the basin. 

Feather River—The Feather, the largest tributary the Sacra- 
mento, derives its water from melting snow the high Sierras, the 
highest point its basin being more than 10000 ft. above sea level. 
The main river formed the union three streams, the North, 
Middle, and South Forks, above Oroville. Its principal tributaries 
are the Yuba and Bear Rivers, which enter below Oroville. 


TABLE FEATHER RIVER, OROVILLE. 


Date, 1907. Gauge height. cubic feet Date, 1904. cubic feet 


per second. per second. 


79 2 | 
107 900 
129 600 
900 
66 740 
49 300 
750 
650 
500 
550 


Period Mean daily discharge, Total run-off, 
feet per second acre feet. 


February, 1904 800 
March, 1904 500 
February, 500 
March 1907 300 


Estimated. 


Maximum, about 185000 cu. ft. per sec. 


| 
000 
000 
000 
82 000 
550 
350 
950 
900 
ere 25 100 
250 
600 000 
2 430 000 
190 000 
210 000 
770 000 
7 
vy 
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The gauging station the main stream, the foot-hills 
Oroville. The drainage area above 640 sq. miles. Table con- 
tains data the flood flow this station during the floods 1907 
and 1904. 

The mean rate flow for the hours when was greatest was 
35.6 cu. ft. per per sq. mile, and the mean for the days, March 
18th-21st, was 26.7 cu. ft. per sec. per sq. mile. 

seen that, although the maximum daily discharge 1904 
only 73% that 1907, the total flow for February and March 
greater 1904 than 1907 29% and 10%, respectively. 

The other four largest floods the stream record, even re- 
the oldest inhabitants living along it, occurred 1849, 
1853, 1861, and 1881. none these floods, however, was the water 
high Oroville March, 1907. This may have been due 
part entirely the filling the river channel and below Oro- 
ville with mining débris. About one-half the Town Oroville was 
fiooded for days. The water was about ft. deep the floor the 
Union Hotel. The highway bridge and the Northern Rail- 
way bridge Oroville were swept away, and also other bridges along 
this stream. 

The great range river stage and its rapid fluctuations are shown 
Table the gauge record Big Bend, miles above Oroville. 


TABLE 9.—GAUGE RECORD FEATHER RIVER, BEND.* 


Gauge height. 


March 14th 


Low-water reading, ft. 
Data furnished Great Western Power Company, through Mr. Bevan. 


Indian Creek.—Indian Creek tributary the North Fork 
the Feather River, and its water-shed high altitude. The gaug- 


3 
le 
1e 
Day. Hour. 
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ing station about miles below the Town Crescent Mills. The 
drainage area above this station 740 sq. miles, the larger part 
being elevation more than 000 ft. 


TABLE No. INDIAN CREEK, NEAR CRESCENT MILLS. 


ischarge. cubic feet 


17.0 9 500 
19, 7* 11 500 

17.9 100 
7 890 
10.95 5 265 
9.0 8.900 
7.8 3 060 
7.5 2 850 


Mean daily discharge, 


Period. cubic feet per second. Total run-off, acre-feet. 
210 123 000 


Maximum, 20.2 ft. 


The mean rate flow for the hours when was greatest was 
15.5 ft. per sec. per sq. mile. 

seen that the maximum run-off per square mile during this 
flood less than one-half that from the water-shed the Feather 
River above Oroville, due the slower melting the snow high 

Yuba Yuba the largest tributary the Feather 
River, entering Marysville, miles above the junction the 
Feather and Sacramento Rivers and miles below Oroville. The en- 
tire area drained about 330 sq. miles, which 220 sq. miles 
are above the gauging station near Smartsville. The basin com- 
paratively long and narrow, the highest point having elevation 
9000 ft., which not great that the Feather River, the high- 
est point which more than 10000 ft. large part the basin 
more than 5000 ft. above sea level. Table contains data the 
flow this stream Smartsville during the floods 1907 and 1904. 
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TABLE 11.—F YUBA RIVER, SMARTSVILLE. 


Discharge, Discharge, 
Date, 1907. Gauge height. cubic feet Date, 1904. cubic feet 
per second. per second. 
March 16th......... 14.3 600 February 16th..... 000 
a 27.9 85 000 * 18th..... 17 880 
14.5 9 900 2th..... 24 080 
| 
Period Mean daily discharge, 


feet per second. Total run-off, acre-feet. 


400 947 000 
100 783 000 
March 1907.......... 000 000 


Maximum stage, 29.5 ft. about 


The mean rate flow for the hours when was greatest was 
82.0 cu. ft. per sec. per sq. mile. The maximum daily discharge 
this stream was 67% greater 1907 than 1904. The total dis- 
charge for March, 1907, larger than for March, 1904, but the total 
for February and March combined about the same for the two years. 
The effect rapid melting snow the middle altitudes clearly 
shown here the large run-off per square mile. 

Bear River—The Bear the most southern tributary the 
Feather River, entering about miles above the mouth. drains 
area about 290 sq. miles, which 263 sq. miles are above the 
gauging station Van Trent, miles above Wheatland. Its head- 
waters not reach back the crest the Sierras, and, much 
its drainage basin deforested, more torrential than the main 
stream. The greatest altitude the basin about 5500 ft. Table 
contains data its flow during the 1907 flood. 

The mean rate flow for March 19th 106.5 cu. ft. per sec. per 
sq. mile, and the mean for March 17th-20th 75.3 cu. ft. per sec. per 
sq. mile. 

will noticed that the run-off per square mile was 106.5 cu. 
ft. per March 19th, and 102.7 cu. ft. per sec. February 2d. 
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TABLE BEAR RIVER, VAN TRENT. 


Date, 1907. Gauge height. 
20th..... 13.6 400 
9.4 8 000 
Mean daily discharge, cubic Total run-off, 
Period. feet per second. acre-feet. 
460 192 000 
570 342 000 
March 800 157 000 


February the discharge was 000 cu. ft. per sec. 

American’ River—The American River drains area about 
2000 sq. miles, directly south Bear River Basin and north 
Cosumnes River Basin. has three main forks, two which head 
elevation about 9000 ft. above sea level, while the South 
Fork reaches back elevation more than 9600 ft. The gaug- 
ing station Fair Oaks, and the drainage area above 1910 
sq. miles, large part which has altitude more than 5000 ft. 
Table contains data the flow this stream during the flood 
1907. 

TABLE AMERICAN RIVER, FAIR 


Discharge, cubic 
Date, 1907. Gauge height. feet per second. 
Mean daily discharge, Total run-off, 
Period. cubic feet per second acre-feet. 
March 600 594 000 


Bridges and gauges washed away. Gauge height estimated. 


pers. 


vers 
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The greatest mean daily discharge this station was 48.7 cu. ft. 
per sec. per sq. mile, and the greatest 4-day mean was 39.1 cu. ft. per 


per sq. mile. 


Attention called the fact that the run-off per square mile for 


the American River about 50% greater than that the Feather 


River, although the percentage each basin with altitude exceed- 


ing 000 ft. about the same. 
Stony, Cache, 


and Puta three streams are the 
largest tributaries the Sacramento River from the west. 
drain the eastern slope the Coast Range, and are torrential. 


They 
Stony 


Creek the only one the three that flows directly into the Sacra- 


mento River; the other two empty into Yolo Basin. 


The gauging 


station Stony Creek the foot-hills, near Fruto, and the drain- 


age area above comprises 601 sq. miles. 
Creek near Yolo, and the area above 1230 sq. miles. 


The station Cache 


Puta 
and the area above 805 sq. miles. 


Table contains data the flow these streams during the flood 


1907. 


TABLE CACHE, AND PUTA CREEKs. 


CREEK. 


CACHE CREEK. 


CREEK. 


Date, 1907. 
Gauge. Discharge.| Gauge. Discharge. Gauge. Discharge. 

“ 11.8 18 450 18.20 12500 | 16.15 | 10000 

11.55 300 20.85 800 31500 

MEAN DAILY DISCHARGE, TOTAL RUN-OFF, 
CUBIC FEET PER SECOND. ACRE-FEET. 
Period. 
Stony Cr. CacheCr. Puta Cr. Cr. CacheCr. Puta Cr. 

March 200 129009 105 000 119 000 


| | 


Maximum, 28.15 ft., about noon. 


ead 
uth 
ug- 
ft. 
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The greatest daily rate flow per square mile was, for Stony 
Creek, 41.6 cu. ft. per sec.; for Cache Creek, 15.5 cu. ft. per sec.; for 
Puta Creek, 39.1 cu. ft. per sec. The small run-off from Cache Basin 
attributed the storage and regulation effects Clear Lake. 

San Joaquin the flood March, 1907, gaug- 
ing station had been established the San Joaquin River, because 
inability find satisfactory section. the fall 1907, however, 
station was established the foot-hills near Pollasky, about miles 
northeast Fresno, where fair conditions obtain. The drainage area 
above this station 640 sq. miles. making estimate the run- 
off for March 18th-21st, rate cu. ft. per sec. per sq. mile has 
been used. This rate based the rates the basins the north 
and south, and believed quite conservative. 

Mokelumne River has very narrow and very 
leng drainage basin which extends eastward the summit the 
Sierras. From the low foot-hills the junction the three branches, 
about miles above, its basin broad with minimum 
width 1.1 miles. large percentage the upper basin ranges from 
9000 ft. elevation, and several peaks are more than 10000 
ft. high. 


Discharge, cubic feet 
Date, Gauge height. per 

March 16th 7.15 
18th 17.00 200 
17.9 000 
13.0 8 000 
‘ 23d. 13.3 8 300 
24th. 13.0 000 
25th 11.6 500 


Mean daily discharge, 
feet per second. 


Period. 


Total run-off. acre-feet. 


March 350 10€ 000 


This river drains area about 660 sq. miles between the 
American and Stanislaus Rivers, and empties into the San Joaquin 
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through Georgiana Slough the west end Bouldin Island. 
heads the Sierras elevation about 10000 ft. The area 
above the gauging station, near Clements, 642 sq. miles, fully two- 
thirds which exceeds altitude 5000 ft. Its principal tributary 
Cosumnes River, which enters from the north, about miles from 
Walnut Grove, and about miles below the gauging station. Table 
shows the flow this stream during the flood 1907. 

The greatest run-off this station hours during this flood was 
26.5 cu. ft. per sec. per sq. mile, and the greatest 4-day mean was 20.8 
cu. ft. per sec. per sq. mile. 

Attention called the fact that the maximum daily discharge 
was not much larger than the mean for days, showing quite clearly 
the effect the configuration the water-shed. The small run-off 
per square mile resulted from the fact that such large percentage 
the area high altitude. 

Cosumnes River—Cosumnes River, the chief tributary the 
Mokelumne, rises elevation about ft. above sea level, 
and drains area about 580 sq. miles. The discharge Michigan 
Bar, miles above the mouth, where the drainage area 524 sq. 
miles, for the period, March 18th-22d, given Table 16. 


TABLE RIVER, MICHIGAN BAR. 


Date, 1907. Discharge, cubic feet per second. 


The greatest run-off hours during this flood was 62.2 cu. ft. 
per sec. per sq. mile, and the greatest 4-day mean was 25.5 cu. ft. per 
sec. per sq. mile. The discharge for this stream has been computed 
from data the cross-section and slopes the bed and flood plane 
obtained after the flood. regular gauging station has been estab- 
lished Michigan Bar since the March flood. 

Calaveras Calaveras comparatively small stream, 
draining area 490 sq. miles the western slope the Sierras 


les 
the 
es, 
et. 
the 
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between Mokelumne and Stanislaus Rivers. empties into the San 
Joaquin River about miles northwest Stockton. Its headwaters 
have elevation 6000 ft., which greater than those Bear 
River, but only very small portion the basin exceeds 4000 ft. 
The data Table were obtained during the 1907 flood, near Jenny 
Lind, above which point the area the drainage basin 395 sq. miles. 


TABLE CALAVERAS RIVER, NEAR JENNY LIND. 


Date, 1907. Gauge height. feet 


800 
100 
800 
300 
300 


March Mean....9 250 


The maximum run-off hours was 66.2 cu. ft. per sec. per sq. 
mile, and the mean for the 4-day period was 23.4 cu. ft. per sec. per 
sq. mile. 

the the Cosumnes, the discharge this stream has 
been computed from meter measurements after the flood, and from 
slope and data. gauging station has been established 
Jenny Lind since the March flood. The small maximum daily run- 
off the Mokelumne, compared with that the Cosumnes and 
Calaveras, quite fully accounted for the difference the topog- 
raphy the basins. 

Stanislaus River, which drains the area between 
Mokelumne and Tuolumne Rivers, empties into the San Joaquin 
River about miles south Lathrop. Its headwaters have ele- 
vation from 10000 12000 ft. The area drained includes about 
1050 sq. miles, which 935 sq. miles are above the gauging station 
Knights Ferry. About 500 sq. miles have altitude more than 
ft. Table contains data the flow this station during the 
flood 1907. 

The greatest run-off hours this station during the 1907 
flood was 58.1 cu. ft. per sec. per sq. mile, and 1904 was 32.3 eu. 
ft. per sec. per sq. mile. The greatest 4-day mean 1907 was 34.5 


| 
5.4 
5.0 
| 
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cu. ft. per see. per sq. mile. seen that the maximum run-off 
this station 1904 was only 57% that 1907. 


TABLE 18.—FLow STANISLAUS RIVER, KNIGHTS FERRY. 


Date, 1907. Gauge height. per second. 


March 
14.50 580 
100 
25.30 300 
19.10 400 
15.60 200 
14.55 740 
14.15 470 
13.80 
14,20 630 
420 
Period. cubic feet per second. Total run-off, acre-feet. 
March 250 256 000 
Date, 1907. Gauge height. per second. 
Period. cubic feet per second. Total run-off, acre-feet. 
March 300 271 000 


Tuolumne River, which drains area imme- 
diately south the Stanislaus River, heads the high peaks the 
Sierras above Yosemite National Park, elevation about 000 
ft., and empties into the San Joaquin River about miles west 


L 

r 
1 
n 
n 
n 


134 THE FLOOD MARCH, 1907, CALIFORNIA [Papers. 


Modesto. The area above the gauging station LaGrange sq. 
miles. Table contains data the flow this station during the 
1907 flood. 

The greatest daily rate run-off this station during this flood 
was 34.5 cu. ft. per sec. per sq. mile, and the greatest 4-day mean rate 
was 22.9 cu. ft. per sec. per sq. mile. 

Merced River—Merced River drains the area between Tuolumne 
River and the Upper San Joaquin, and empties into the latter about 
miles northwest Merced. heads the summit Mt. Lyell, 
elevation 13090 ft., and drains the southern and western 
slopes this mountain, while the Tuolumne drains the northern slope. 
this basin the famous Yosemite Valley, with its great waterfalls 
and barren domes. The gauging station this stream Merced 
Falls, above which the drainage area 1090 sq. miles. Table con- 


tains data the flow this stream the station during the flood 
1907. 


TABLE MERCED RIVER, MERCED FALLS. 


Date, 1907. Gauge height. per second. 

| 


15.60 | 15 800 
Period. Total run-off, acre-feet. 
| 

920 107 000 


600 132 000 


The greatest daily rate flow during this flood was 21.1 eu. ft. 
per sec. per sq. mile, and the greatest 4-day mean was 15.7 cu. ft. per 
sec. per sq. mile. The small run-off per square mile arises from the 
fact that much the basin has high altitude, and that the precipi- 
tation was not heavy the basins the north. 
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FLow THROUGH SACRAMENTO AND San 


The rate inflow into the Sacramento and San Joaquin Valleys 
from the metered mountain and foot-hill areas during this flood can 
seen from the preceding pages. For ready reference, however, these 


rates inflow gauging stations for the 4-day period, March 18th- 
21st, are given Table 21. 


TABLE FROM SACRAMENTO AND SAN JOAQUIN 
CUBIC FEET PER SECOND, FOR MARCH 1907. 


Marcu, 1907. 
| 2 Me 
| | 
601 | 25000 20000 | 13 450 6800 | 16310 
Feather ....... 3 640 107 900 129600 | 84900 66740 | 97290 
STORE. 203 15 500 28000 | 17 400 | 8400 | 17300 
805 | 19800 24 700 10 000 | 5 460 15 000 
| } 
Cosumnes. . .| Michigan 524 | 7 600 82 600 9 300 3 900 13 350 
Calaveras ..... Lind.......... 395 100 800 300 250 
Stanislaus.....| |Knights | 935 24 100 54 300 81 400 19 200 32 250 
Tuolumne.....) LaGrange. ......... 1500 | 33400 51 800 80 590 21500 | 34300 
Merced . .|Mereed 1090 | 13.000 23 000 17 400 13 000 | 16600 


Run-off per square mile assumed 50% precipitation for period, March 17th-20th, 
cu. ft. per sec. 


Run-off per square mile assumed 50% precipitation for period, March 17th-20th, 
ft. per sec. 

Run-off per square mile assumed 40% rainfall for period, March 17th-20th, 
cu. ft. per sec. 


Run-off per square mile assumed 40% rainfall for period, March 17th-20th, 
cu. ft. per sec. 


Run-off per square mile assumed cu. ft. per sec. 

From Table seen that the mean rate run-off from the 
metered area the Sacramento Basin (83% all mountains and 
foot-hills) for the 4-day period, March 18th-21st, was about 453 000 
cu. ft. per sec. The estimated run-off for this period was 76000 cu. 
ft. per sec. from the unmetered mountains and foot-hills, and 500 
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cu. ft. per sec. from Sacramento Valley, making mean rate run- 
off from the Sacramento Basin about 555000 ft. per sec. for 
consecutive days. 

not possible trace the movement this water through the 
valley, account overflow into flood basins and breaks the levee 
system. The levees failed many places both sides the Sacra- 
mento River, and also some its tributaries, and impossible 
compute the flow through any these breaks. Such estimate, 
correctly made, would have practically value, would give 
little idea the distribution flow through the valley during any 
other flood when failure levees occurred other places. 

While estimate the volume passing specified places the 
valley given time cannot made, the points where large volumes 
left the channel and returned again can indi- 
evening March 20th the water was overtopping the levees for almost 
the entire distance between Princeton and Jacinto, and also above and 
below Colusa. March 21st, eleven breaks the levees 
between Colusa and Grimes, and during that night several breaks 
the levees the east side Sacramento River between 
Clarksburg and Courtland, allowing water from the Sacramento 
pass into Mokelumne River and thence into the San Joaquin. 
22d several other breaks Colusa County, and also 
the Island where large areas reclaimed land were sub- 
merged. March 23d the levees Ryer, Tyler, Brannan, Andrus, 
and Bouldin Islands and the Lisbon District failed, flooding 000 
land. the failures already mentioned, there were 
numerous others more less seriousness different places the 
Sacramento Valley. 

Knights Landing, 21st, the Sacramento was ft. 
higher than recorded any previous time. Below this point, large 
part the water from the Feather River was flowing across the Sacra- 
mento Channel into Yolo Basin. Through the Kripp crevasse 
February 8th, opposite the City Sacramento, large part the 
waters the Sacramento and American Rivers also passed into Yolo 
Basin, and the water level this basin was several feet higher than 
ever known before. February 24th the Sacramento Rio Vista 
reached its greatest height during the flood, being ft. higher than 
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indicated previous records. The failure the levees Brannan, 
Twitchell, and Andrus Islands, near the mouth Cache Slough, per- 
mitted part the water Yolo Basin flow across the Sacramento 
Channel into the San Joaquin River, submerging large areas the 
San Joaquin Delta. all, estimated that about 300000 acres 
reclaimed land were submerged during this flood. Below the City 
Sacramento, the only reclaimed districts having levees that with- 
stood the high waters are: District No. 744; Merritt 
Island, Grand Island, and Randall Island Reclamation Districts; 
Geo. Locke, private reclamation; Reclamation District No. 545; 
Sutter and Sherman Islands; and the northern portion Union 
Island. 

Referring again Table 21, seen that, all the streams 
the San Joaquin Basin, the greatest rate flow occurred March 
19th. this date the mean rate run-off from the metered area 
(41% all mountains and foot-hills) was about 205000 cu. ft. per 
sec. The rate from the unmetered area must have been least 
cu. ft. per sec. from mountains and foot-hills and 24000 ft. 
per sec. from the valley, making maximum run-off about 313 000 
cu. ft. per sec. from the San Joaquin Basin. The mean rate for 
days, March 18th-21st, was about 227000 eu. ft. per sec. im- 
possible the volume flow different points this valley 
owing the failure levees both the San Joaquin and Sacra- 
mento Rivers, and the passage large volume from the latter into 
the former, producing back-water and flow. 

also seen from Table that the mean flow from the mountains 
and foot-hills the Sacramento and San Joaquin Basins combined, 
for the days, March 18th-21st, was about cu. ft. per 
seen, too, that the mean rate discharge into Suisun Bay for 
these days, storage the valleys had not been permitted, would 
have been about 782 000 cu. ft. per sec., volume for these days 
6200000 acre-ft., 9690 mile-ft., enough cover both basins 
depth 2.56 in., spread over them evenly. 

Table shows the run-off, expressed depth, inches, over the 
drainage basin, together with the precipitation for the March flood. 
course, there the very regrettable condition too few and poorly 
placed precipitation stations, but believed that the records here 
given are quite representative for the different basins. This table 


138 THE FLOOD MARCH, 1907, CALIFORNIA RIvERS [Papers. 


gives some idea the effects altitude and melting snow the 
various drainage areas. 


TABLE DEPTH, INCHES. 
? 


RUN-OFF PER SQuARE MILE, 1907. 
| 2 | 
Sacramento...... Red Bluff ...... 14400 20.7 16.3 2.43 6.56 
Van Trent...... 2638 5 500 | 106.5 11.30 8.13 139 
Mokelumne. ...| Clements....... 642 10000 | 26.5 20.8 3.08 6.42 48 
Jenny Lind..... 395 6000 23.4 3.48 5.06 
Stanislaus....... Knights 935 500 58.1 5.14 
San Joaquin..... Pollasky........ 1640 (Est.) 10.0 5.00 


will instructive compute the probable rate flow the 
Sacramento River during this flood the four places where re- 
ceives large volumes water from tributaries, namely, just below the 
mouths Stony Creek, Feather and American Rivers and Cache 
Slough, taking into account the time required for the water pass 
from the gauging stations the Sacramento and the time pass be- 
tween the above-mentioned places. great degree refinement 
will attempted, the data will not warrant it. 

flood wave travels down channel there gradual diminu- 
tion its height, due the filling the channel and the flattening 
the wave. Such diminution would have been small for this flood, 
and neglected the computations, for the following reasons: 

(1).—The flood wave was long one, the water some the 
stations continuing rise for days; 
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(2).—The streams had reached comparatively high stage 
March 17th, and consequently their channels were from 
more than half two-thirds full the date when the 
computations begin; 

(3).—The rates flow computed gauging stations are 24- 
hour means, not maxima for few hours. 

can shown that the speed flood wave, stream 


increment discharge corresponding the increment stage, 
and the channel width. The value has been computed 
each gauging station for intervals ft. gauge height during the 
flood stages, and mean value obtained for the distance, hours, 
from the gauging station places along the Sacramento River. These 
results are given Table 23: 


TABLE RATE PROGRESS FLOOD WAVE, 
STREAMS, WATER WERE CONFINED CHANNELS. 


Gauging Station, Sacramento Riverto mouth Stony Creek........ 
Gauging Station, Stony Creek mouth Stony Creek...... 
Gauging Station, Feather River mouth Feather River...... 
Gauging Station, Bear River mouth Feather River.............. 
Mouth Stony Creek mouth Feather River.. 100 
Gauging Station, American River mouth American River..,.... 
Gauging Station, Cache Creek mouth Cache Slough.......... 
Gauging Station, Puta Creek mouth Cache Slough. 


The rate travel for flood waves, given above, the mean the computed 
rates each the days, March reduced, most instances, considerable 
percentage. 


study the daily rate discharge the streams the Sacra- 
mento Basin, for March 18th-21st, Table 21, shows that the discharge 
places along the Sacramento River was tedly maximum 
when the crest the wave from the Feather River reached them. 
This wave crested Oroville about March 19th. Oroville 
about hours above the mouth Feather River, the crest would 
reach the Sacramento River about March 19th, with 
discharge about 258000 cu. ft. per the Yuba and 
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Bear Rivers. This amount, combined with the flow the Sacramento 
that time, would give the maximum discharge just below the mouth 
the Feather River. The flow the Sacramento this time, how- 
ever, was the flow the gauging station above, about hours before, 
with the flow the gauging station Stony Creek, 
about hours before, the flow the two at, say, M., March 
18th. This flow was 143000 ft. per sec., which, added the 
258 000 ft. per see. from the Feather River, would give discharge 
401000 ft. per sec. the Sacramento. This volume would 
reach the mouth American River hours later, and augmented 
93000 cu. ft. per passing the gauging station hours before, 
that the maximum discharge the Sacramento below the mouth 
the American River would about 494000 ft. per sec., and 
would oecur about March 19th. This volume would reach 
the mouth Cache Slough about M., March 19th, in- 
the flow the Cache and Puta Creeks the gauging 
stations hours before, which amounted about 44000 cu. ft. per 
Below the mouth Cache Slough, therefore, the discharge would 
have been about 538000 ft. per sec. noted that the 
maximum flow the Sacramento below the mouth Stony Creek 
was about cu. ft. per sec., and did not until some time 
March 20th. 

The figures just given not include the unmetered flow 
cu. ft. per sec. from the mountains and hills below the metered basins, 
nor the ft. per from the valley. evident that, un- 
less stored the flood basins, must have appeared the Sacramento 
below Cache Slough. impossible compute the increase dis- 
charge the different places the Sacramento River due these 
two rates inflow, because not known what points all these 
waters were delivered; but quite clear that there must have been 
very decided increase above the mouth Stony Creek from each 
side the river. the east side there are 1600 sq. miles moun- 
tains and foot-hills lying between the Feather and Upper Sacramento 
Basins, which are drained numerous creeks, the most important 
which are Mill and Deer Creeks, the headwaters which come from 
Lassen Peak, more than 10000 ft. altitude. Several the stations 
reporting the greatest precipitation March, 1907, are this area 


very near it. Taking into consideration its position between two 
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basins which the rate run-off known, together with its heavy 
precipitation and generally lower altitude, believed that the mean 
rate run-off may safely placed cu. ft. per sec. per sq. mile 
for the period, March 18th-2ist. This means 40000 ft. per sec. 
from this side. the west, above the Stony Creek Basin, are 1080 
sq. miles mountains and foot-hills, for which safe put the 
run-off cu. ft. per sec. per sq. mile, mean 16000 cu. ft. 
per sec. for March This would mean increase the 
discharge below Stony Creek about cu. ft. per 

considerable area mountains and foot-hills between the Feather 
and Bear Basins must have contributed large volume the Sacra- 
mento through the Feather River, that, all told, the maximum dis- 
charge below the mouth the Feather River was probably least 
000 ft. per see. greater than that computed above. the rates 
run-off for the unmetered area mountains and valley are 4-day 
means, the maximum discharge below Cache Slough must have been 
about 640000 cu. ft. per This maximum, however, only 15% 
greater than the 4-day mean flow 555000 ft. per sec. for March 

will noticed that the maximum discharge just below the 
mouth Cache Slough would probably occur 19th, 
the water were confined channels. But the maximum stage 
Rio Vista, few miles below the mouth this slough, actually 
basins, therefore, delayed the arrival the flood crest Cache Slough 
about days. 

mento River during this flood with those assumed the 1904 Engi- 
neering Commission, provided that the total run-off confined be- 
tween the levees and not allowed the flood basins. 
TABLE 24. 


Maximum rate assumed Maximum rate computed 
Place. 1904 Engineering Commission. | trom March, 1907, flood. 
Cubic feet per second. Cubic feet per second. 
Below mouth, Stony Creek..... 180 000 261 000 
River 190 000 466 000 
American River. 230 000 559 000 
Cache Slough... 250 000 640 000 
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These computed rates are from 156% larger than the as- 
sumed rates. 


Fig. profile the flood wave Sacramento River during 
March, 1907. This profile merely shows the greatest elevation the 
flood plane above mean sea level different points along the course 
the river. other words, the maximum height attained the 
flood various points platted with reference the distance from 
the mouth the river and the elevation above mean sea level. in- 
spection this profile shows that the mean gradient the flood plane, 
feet per mile, between observed points, decreases quite rapidly from 
Red Bluff toward the mouth the river, actually changing sign below 
Walnut Grove. This gradient varies from 2.41 between Red Bluff 
and Munroeville, near the mouth Stony Creek, below 
Walnut Grove. Such reversal slope would seem indicate 
constricted condition the channel near the mouth the river. 

profile the flood wave 1905, made under the direction the 
Commissioner Public Works California, also shown Fig. 
for the purpose comparison. This profile may considered 
typical the usual flood wave the spring each year. 


The losses resulting from this flood consisted mainly the de- 
struction the crops then growing about 300000 acres land 
completely inundated, together with the damage done portion 
the prospective yield for the season 1907. addition this, many 
miles costly levees had rebuilt and many miles more ex- 
tensively repaired account overtopping and wind action. The 
railroads suffered heavily, bridges and culverts washed out, injury 
miles roadbed, and loss traffic. The line from Marysville 
Knights Landing was closed from March 19th May 13th. Among 
the larger bridges swept away badly damaged were the highway and 
the Northern Electric Railway bridges across the Feather River 
Oroville, the highway bridge across the American River Fair Oaks, 
the highway bridge the Mokelumne River near Clements, and the 
bridge the Cosumnes River Bridge House. Three costly dredges 
for mining gold-bearing gravel the Feather River near Oroville were 
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destroyed. Many towns and villages were partially inundated, subject- 
ing the inhabitants serious inconvenience the time and heavy 
expense repairs later. The greater part Stockton was flooded for 
nearly week, because the failure the levees along Mormon 
Slough and Jackson Creek. About half Oroville was flooded for 
three days, and one hundred and twenty-five families were driven from 
their homes. The restraining dam the Yuba River, miles above 
the mouth, known Barrier No. 1,* was destroyed the night 
March 18th. This dam was built hold back the mining débris 
the channel above. With its destruction, practically all the débris 
restrained (probably amounting more than 1000000 eu. yd.), 
was transferred the channel below. estimated that the total 
Gamage resulting from this flood exceeded 000 000. 


From 1849 1880 enormous quantities débris—sand, gravel, 
and the tailings from hydraulic mining—were deposited 
the upper course several the streams the eastern slope the 
Sacramento Basin. The volume this débris the Yuba River 
alone has been variously estimated from 71000000 
cu. yd. the mouth the river, near Marysville, has depth 
ft.; Dugnens Point, miles above the mouth, has depth 
ft., and The Narrows, miles above the mouth, has 
depth ft. The gradual elevation the flood plane Marysville, 
due the accumulation débris the channel this place, shown 
the maximum gauge readings Marysville (Table 26). 
the gauge the elevation low water 1872. 


The zero 


TABLE 26.—MAXIMUM GAUGE READINGS MARYSVILLE. 


Date. Gauge 


January 11, 1862 
January 19, 1875 
April 22, 1880 
February 24, 1881 
January 18, 1896 
March 25, 1899 
January 19, 1906 


The failure this structure described Engineering News, Aug. 8th, 1907, 
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The low-water reading this gauge, the summer 1906, was 
9.0 ft. The flood 1907, however, changed the low-water channel 
from the right the left side the river, that August the 
elevation the water surface could not read all, the débris 
around the gauge being ft. higher than the water. 

The failure Barrier Dam No. the Yuba River miles 
above the mouth, liberated about 1300000 cu. yd. débris which 
was deposited the bed the stream varying distances below the 
dam, depending upon the size the material. The deposition this 
enormous volume material the stream bed, and the gradual ele- 
vation the flood plane due it, require frequent raising and widen- 
ing the levees along the river. Such condition fraught with 
growing peril the valley land and all interests adjoining the river. 


Any rational system reclamation for the overflow lands the 
Sacramento and San Joaquin Valleys must make provision for passing 
the peak the floods rapidly Suisun Bay. The volume flood 
water passed Sacramento Valley, determined actual 
gaugings the flood March, 1907, largely exceeds all estimates 
previously used basis for the computation proper channel 
capacity carry safely the flood waters the Sacramento River. 
Indeed, may that the task rectification and enlargement 
channel necessary pass such floods that March, 1907, 
great make economically impossible. such event, some 
auxiliary system flood control would have devised. Probably 
more effective and easily executed auxiliary system could found 
than that large, regulating storage reservoirs the mountains. 
Such reservoirs could utilized store water during floods, thereby 
reducing the peak the flood the valley sufficiently allow the 
main channel carry safely Suisun Bay. 

The United States Reclamation Service has located the principal 
reservoir sites the Sacramento Basin, and has made surveys 
determine the capacity and probable cost most them. the 
reservoirs surveyed date, four are Stony Creek Basin, with 
124100 acre-ft.; two are Cache Creek Basin, with 
total capacity 176 500 acre-ft.; two are in.Puta Creek Basin, with 
total capacity acre-ft.; seven are Feather River Basin, 
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with total capacity 775 600 acre-ft.; four are Pit River Basin, 
one which has 3196000 acre-ft.; and one the 
Upper Sacramento River Iron Canyon, with capacity 
the San Joaquin Basin reservoir sites have been located 
and surveyed yet, although probable that the area contains some 


TABLE 27.—RESERVOIR DATA. 


Mar. 18th. 


CREEK BASIN. 


CREEK BASIN. 
Below reservoirs and 

gauging station 


76500 | 


Puta CREEK BASIN. 
Below reservoirs and 

gauging station 


188 000 
130 000 


FEATHER BASIN. 


Buck’s Valley and 

American Valley.. 100 


Below reservoirs and above 
gauging station 


VOLUME AVAILABLE FOR STORAGE, 


| 


Mar. 19th, 
Mar. 20th. 
Mar. 21st. 


Mar. 


2 040 1 600 9 320 

1350! 6140 

| 


River 


SACRAMENTO RIVER. 


gauging station. 


600 


41200 194 900 


400 


The daily run-off per square mile assumed constant over the basin above the 


Table are shown the reservoir sites the Sacramento Basin 
which could used for flood control, together with the drainage area 
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tributary each and its capacity acre-feet. Assuming the run-off 
per square mile constant any particular basin, the quantity 
water available for storage each reservoir given for each the 
days, March and also the total for the days. will 
noted that some these reservoirs would only partially filled 
the flood flow March 18th-21st, while others would store but small 
percentage the run-off for this period. 

study Table will show that the four reservoirs Stony 
Creek Basin would have stored the run-off from 481 sq. miles, 80% 
the area above the gauging station, and would have reduced the 
maximum daily flow from 25000 5000 cu. ft. per sec. The two 
reservoirs Cache Creek Basin would have stored the flow from 609 
sq. miles, 50% the area above the gauging station, and would 
have reduced the maximum daily flow from 19000 ft. per 
The two reservoirs Puta Creek Basin would have stored the 
flow from 751 sq. miles, 93% the area above the gauging station, 
and would have reduced the maximum daily flow from 700 
cu. ft. per 

The seven reservoirs Feather River Basin would have stored the 
flow from about 1134 sq. miles, 31% the area above the gauging 
station Oroville, leaving sq. miles this un- 
controlled area, 623 sq. miles are above Mohawk Valley Reservoir, 
683 sq. miles are above Indian Valley Reservoir, and 1200 sq. miles 
are below the reservoirs and above the gauging station. This storage 
would have reduced the daily flow Oroville follows: 

From 107 900 74300 en. ft. per March 18th; from 129 600 
cu. ft. per sec. March 19th; from 84900 58500 cu. ft. 
per sec. March 20th; and from cu. ft. per 
March 21st. Big Valley Reservoir, Pit River, would have stored the 
entire flow that place and reduced the daily flow the Sacramento 
River Red Bluff about 25000 cu. ft. per sec. The storage Iron 
Canyon, together with that Pit River, would have reduced the 
greatest daily flow the Sacramento River Red Bluff from 192 000 
106 000 cu. ft. per sec. 

The combined effect all these reservoirs operation the same 
time would have been reduce the maximum flow the Sacramento 
River about cu. ft. per sec. above the mouth Stony Creek, 
ft. per sec. above the mouth the Feather River, and 
179 000 cu. ft. per sec. below the mouth Cache Slough. 
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would seem that the ultimate solution the flood problem 
the lower portions the Sacramento Valley closely interwoven 
with the reclamation the higher portions irrigation. Reservoirs 
which would impound flood waters and reduce the peak floods, 
save the lowlands from overflow the early spring, would serve 
later storage reservoirs from which draw for irrigation purposes. 
The flood problem this valley indeed very serious one, and 
merits the most careful and thoughtful consideration. 
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Discussion.* 


good reason offered for not exercising the same 
common sense designing structures that ex- 
pected and demanded designing steel timber structures. Too 
much heard regarding “systems” concrete, 
little regarding the simple application the well-known laws relating 
the strength materials and the distribution stresses 
not many years ago that iron bridges were built ac- 
cording one another special, and generally patented, type. To-day 
the “patented bridges” are limited draw bridges, which, after all, 
are machines well structures. doubtless true that, 
large measure, the present wide use concrete due 
the promotion various so-called “systems,” together with 
the equally energetic promotion concrete construction makers 
various forms reinforcing materials. While, some 
and conscientious engineers have done splendid work de- 
veloping new and better designs for reinforced concrete substi- 
tute for designs steel masonry structures, other cases, less 
and some instances ignorant, men have produced “sys- 
tems” which would ridiculous they were not dangerous. 
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designing reinforced concrete, the writers have endeavored 
follow the same methods analysis stresses and proportioning 
parts they use designing steel structures. They have studied 
all the experimental and research work done the leading 
technical schools and universities, and believe that more can gained 
such study than simply developing any refined theoretical 
analysis the strength concrete reinforced with steel. 

The writers present herewith illustrations what they believe 
rational designs concrete construction. Care has been 
taken have these designs free from every unnecessary complica- 
tion, the whole aim being gain great strength and everlasting 
durability with the most simple possible. 

The author’s description the Building especial 
interest, there are several features its design which are similar 
those used the writers; therefore, they present the following 
one building, and some notes regarding two others, 
designed them. 

The Manufacturers’ Furniture Exchange Building, Chicago, 
the reinforced concrete features which were designed the writers, 
Consulting Engineers for the Architect, Mr. William Earnest 
Walker, was designed the spring 1906 and completed near the 
close that year. the McGraw Building, well the build- 
ings designed the writers, the columns have been reinforced with 
latticed steel angles. far the writers are aware, the first rein- 
building which columns this form were used 
was the Watson Building, Chicago, built 1905, for which Messrs. 
Huehl and Schmidt were the Architects. The writers’ original recom- 
mendation for the columns this building was that the angles 
latticed, but they were actually built with horizontal tie-plates, 
shown Fig. Plate XXIV. the time this photograph was taken 
the view, Fig. Plate was also taken the first floor, where 
ecncreting was going on, the forms for the floors above being supported 
that they did not interfere with the placing concrete this 
floor. 

The general plans for the Manufacturers’ Furniture Exchange 
Building were completed June, 1906, and the contracts were let 
about July 1st. The building near the business center Chicago, 
and has frontage ft. Wabash Avenue, running back 170 ft. 
Fourteenth Street alley. The general appearance the 
building shown Fig. Plate XXV. eight-story and 
ment building, designed for furniture show rooms, warehouse pur- 
poses, light manufacturing. The floors are designed live 
loads 150 per sq. ft. the lower floors, and 100 Ib. per sq. ft. 
the upper floors. Fig. plan and Fig. cross-section the 
building, showing the general arrangement the columns and beams. 
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the first floor bulkhead carried around two sides, sup- 
porting platforms for the show windows and permitting half windows 
for lighting the basement. The second eighth floors, inclusive, are 


exactly alike. The roof reinforced concrete, and has two rows 
saw-tooth skylights. 


' 
Elevator | 


t 
Concréte Wall 


/ 


20"x 20" 


7th Fl. | 


__ 6th 


20"x 20 


4th 


Elevator | | 
Shaft. | 


PLAN OF 2ND TO 8TH FLOOR tf 


designing the columns, the ratio the moduli elasticity 
steel and was assumed The columns were not 
considered hooped concrete, only 500 lb. per sq. in. being allowed 
for the working stress the concrete and lb. per sq. in. the 
steel. Only one change was made the size the concrete columns. 
From the basement the third story the columns were in. square, 
and above that they were in. square. The corners the columns 
were rounded radius in., except the basement. 

Fig. shows the typical reinforcement the columns, girders, and 
slabs. cross-angles were bolted the steel column rein- 
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forcement support the column forms, and, turn, the floor forms 
Sinks. 


above. After the for one floor was finished, the weight 
the form work the floor above was supported shores the usual 
manner, resting directly the finished concrete floor. The temporary 
angles were then removed from the columns, and the column boxing 
was closed, preparatory casting the concrete the column section 


above the finished floor. This all shown quite clearly Figs. 
and Plate XVI. 
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Fig. Plate photograph taken the beginning the 
work the first floor (October 10th, 1906), and when taken, 
the forms were completed for the first floor, the this 
floor was place, the column reinforcement, extending from the 
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footings the level the second floor, was also place, and the 
basement columns were The character the column reinforce- 
ment shown very clearly this photograph. The points where the 
lacing the columns omitted near the top are the openings left 
for the reinforcement for the second-floor beams pass through. 

Fig. Plate the temporary angles may seen near the 
bottom the column the foreground. This photograph was taken 
November 6th, and shows the concreting progress the second 
floor. After the concrete work the first floor was finished, more 
concreting was done until after the forms for the second and third 
floors were both completed. The carpenters then worked the third 
floor, building the forms for the fourth floor. this stage the 
work the reinforcing material for the second floor was placed, and 
the concreting this floor proceeded. The photograph, Fig. Plate 
XVII, was taken the same time Fig. Plate XVI, from which 
will seen that the exterior walls had been run practically the 
level the fourth floor, and the carpenters are seen working the 
fourth-floor forms, and, stated previously, concrete was being placed 
the second floor. From this time forward, both the gang 
and the carpenters were kept constantly work, the carpenters being 
two stories ahead the gang. order prevent freezing, 
the window openings were closed, and coke fires were kept burning 
salamanders the story directly under the floor which concrete 
was being placed. consequence, the concreting went 
temperature that was considerably above the freezing point, even 
the coldest weather. The cement finish was put the concrete floors 
soon the first concrete had taken its initial set. Owing the 
prevalence rainy weather during this construction, considerable 
trouble was caused water dripping from the forms the newly 
finished cement floors, and great care had exercised protect 
these floors from injury. 

Fig. Plate XV, photograph, taken December 15th, when 
the exterior walls were finished. shows the concrete hoist the side 
the building, with dumping bucket just below the level the 
fourth floor. The scaffold the rear the building carried the 
elevator used for raising brick. The concrete mixer shown the 
ground the base the concrete hoist. 

already stated, concreting the first floor began October 
10th, and the concrete roof over the eighth story was completed 
December 27th, only working days intervening between the time 
starting the first floor and the completion the roof. Decem- 
ber 31st the tenants began moving into the practically finished build- 
ing 


Fig. Plate photograph the third floor, taken 
December 29th, and typical the upper floors. 
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The details the reinforced-concrete construction are shown quite 
clearly Fig. will seen, both the beams and the slabs, 
that some the reinforcing bars run straight through the bottom, 
and some are turned form the reinforcement for the upper face 
the beams and slabs such manner provide much steel 
the top the beams and slabs over the supports the bottom 
the beams and slabs between the supports. 

Fig. bill bars for the slabs one floor, and Fig. the 
bill bars for one girder, taken from the working plans. These bills 
bars were prepared carefully and were shown the working plans, 
together with sketches each different beam girder, that the 


Shape 


)-22-23-24 


Straight 


BILL BARS SLABS FOR ONE FLOOR 


cuntractor was able get out the correct number bars, and bend 
them the shape required. following the plans, was simple 
matter select the right bars, and place them properly the beams 
and panels. The specifications required that concrete should 
put until the inspector had checked and approved the placing the 
reinforcing material. The floor bars were held the proper distance 
above the forms 2-in. lengths round iron the proper diameter, 
while the bars the beams were supported two cement blocks 
each beam like those shown Fig. About 1300 these cement 
blocks were required for the entire building, and each block was re- 
with two No. wires, that they could handled safely. 
These blocks were found work perfectly, the bars resting the 


notches, thus being held their proper places while the concrete was 
poured into the beams. 
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Fig. shows the reinforcement the stairways, which there 
were two flights running from the basement the eighth floor. 

The extreme simplicity the this building 
evident, and, corrugated bars were used, was not necessary make 
bends the ends the bars use other means insuring bond, the 
form the bar giving all cases absolute bond between the con- 
crete and the steel. 

The total cost the reinforcing bars delivered Chicago was 
almost exactly the cost the building, and, while the special 
bar used cost more than plain other forms reinforcing bars, 
the saving which would have been made using less expensive one 


would have been insignificant compared with the cost the build- 
ing. 


No. of Bars 


in each Beam Shape 


Straight 


BARS REQUIRED FOR BEAMS 
Fia. 6. 


Under the Chicago Building Ordinances, necessary for rein- 
floors tested with load least double that for 
which they are designed, and this ordinance requires that the floors thus 
tested shall show evidence failure and shall not deflect more than 
the span, in. for 14-ft. span. 

Under this ordinance, these floors were tested with load 350 
lb. per sq. ft., covering entire panel ft., under which 
test load deflection less than in. was measured. 

Later, the writers followed this method design for the ware- 
house the Advance Thresher Company, Kansas City (Mr. 
Llewellyn, Architect), the typical reinforcement the columns, 
girders, beams, and floor slabs which shown Fig. These 
floors were designed carry working load 250 per sq. ft. 
addition the dead load. this case, floor slabs ft. span were 
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adopted, and these were concrete joists framing into con- 
crete girders. The spacing the columns was very irregular the 
but the maximum spans were ft. The type column 
was about the same the Manufacturers’ Furni- 
ture Exchange Building, except that the angles for this building 
were placed with the out. instead in. 
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Owing the fact that this building used for exceedingly 


heavy concentrated loads, that is, the weight traction engines having 
000 Ib. concentration wheel, the owners desired satisfy them- 


selves the effect concentrated loads these floors, and therefore, 
the following test was made: 
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two adjoining 8-ft. slab spans parallel with the supporting 


joists. 


these two strips rested platform which load 
10850 lb. was placed, giving concentration 


lb. each 


strip, concentrated load, the center each these two slabs, 


5106 per lin. 


thus producing the same moment the slab 
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uniformly distributed load over 4-ft. width the two panels 


1274 per sq. ft. 
measured. 


Under this test deflection in. was 
course, the entire floor assisted such test 


load, and this only mentioned illustrative the remarkable carry- 
ing eapacity such floor slabs. Notwithstanding the fact that such floor 
give astonishing results, the writers believe that floors should 


designed, not the basis such tests, 


but accordance with con- 
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servative practice, and all their work they have considered that, 
for floor slabs and intermediate beams, where the reinforcement passes 
over the top the slabs and beams the ends and well into the next 
panel, the moment equal 12, and that, for end beams and 
end panels, where the can only pass this manner 
over the top one support, 10. The writers consider that the 
dead load plus the assumed live load will stress the reinforcing ma- 
terial one-third its elastic limit, and they use from 0.8 
steel reinforcement having elastic limit 50000 per 
sq. in. They have not the beams T-beams, even such 
floor construction illustrated, but have considered them rectangu- 
lar beams with depth equal the distance from the top the floor 
the bottom the beam, and them have used reinforcement 
great 14%, but usually does not exceed 14%, the area the 
beam, not including any portion the floor slab except that which 
part the beam section. 

designing beams and girders, the writers have used the empirical 
formula, (450 55) bd?. This formula was adopted 
result the study all the tests reinforced concrete beams which 
been made the various engineering laboratories the techni- 
schools prior June, 1905. that time, 202 beam tests had 
been reported, which were beams reinforced with Johnson 
bars having limit about 50000 per sq. in. these 
tests, 80% showed ultimate strengths exceeding that given the 
formula, while only developed less than 90% the formula 
strength, and the lowest test developed per cent. This formula 
only used where the percentage reinforcement, more than 
half 1%, and not more than 14%, and where steel having elastic 
limit 50000 per sq. in. used, and with positive mechanical 
bond. For reinforcement, the ultimate moment, 505 bd?, 
and, general that percentage has been used. The writers have con- 
sidered that three times the dead-load moment plus three times the 
live-load moment equal the ultimate moment. Therefore, the 
dead load equal one-half the live load, would require, 
theoretically, application four times the working live load 
reach the ultimate load. The tests made indicate that this practice 
the safe side. 


Am. Soc. E.—The author states that, view 
the uses which the Building was devoted, was 
imperatively necessary that should designed afford the greatest 
possible resistance the vibration heavy machinery. Now, 
enough known about the action reinforced concrete under vibratory 
loads make certain its suitability for this purpose? 

concrete buildings, cracks occur when there are prac- 
tically vibratory loads; under the influence vibrations continued 
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number years, due running machinery the building, Mr. Stern. 
certain that will not develop, and that the reinforcing rods 
vill not work loose the concrete? 

Considering the design the columns, the author assumes that 
stress transmitted into the concrete filling through the rivet heads 
ind lattice bars these that both steel and concrete act 
ogether unit. The speaker cannot accept this assumption. 
eems him far-fetched and entirely problematical. there are any 
fortify the contention the author, would 
this discussion have these results. 

The author likewise adopts working stress 750 per sq. in. 
the concrete filling the columns, equivalent tons per sq. ft. 
Such very high unit stress much more than has been con- 
sidered good practice (being more than double that allowed the 

Building Code Manhattan), that the author should give the Pro- 
fession the benefit the experiments upon which bases his con- 
clusions. 

not clear the writer, examining the details the 
columns, how the splices the columns were arranged the various 
joints take the reduction dimensions. For instance, the 
columns the ninth story are in., back back angles, 
whereas the next section columns, supported these, decreased 
know how this change size was taken care the details. 

The speaker believes the type column used neither 
nor efficient box steel column made plates and 
channels. column this type, take the same load, would 
made 15-in. channels with 17-in. cover-plates, and would build 
about in. square, surrounded with in. fire-proof covering. 
The columns the Building are in. square the base- 
ment and first floor, about 40% larger outside dimensions, and 
nearly twice much space; fact, the lower stories, these 
columns are actually about large outside dimensions the steel 
columns the thirty-two story City Investing Building, Broadway 
and Cortlandt Street, designed the firm which the speaker 
member. 

There actually more steel the type column adopted than 
there would the channel and plate box column above mentioned, 
assuming that the entire load were carried it, without any regard 
filling; and, were intended fill these columns solid 
with concrete and surround them with fire-proof covering that 
material, there would less concrete used, that the column adopted 
was extravagant both material and space occupied. 

The author claims that the use the type steel column adopted 
was great convenience erection, enabled the steelwork 
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Mr. Stern. 


erected ahead the concrete work, and afforded convenient support- 
ing members for the adjoining forms for other erection work. 
This argument would equally applicable the more economical 
type column suggested the speaker. 

The columns are spaced too closely together for building adapted 
loft purposes. The interior columns, parallel 39th Street, are 
ft. in. ft. in. apart. better arrangement would have 
been have these columns spaced about ft. apart. 

The author also states that the construction the concrete work 
this building during the winter 1906-07 was entirely successful, 
thus demonstrating that reinforced concrete work may conducted 
during New York winter without material interruption. states 
that this was accomplished covering window openings with canvas, 
using salamanders, and covering the fresh concrete, fast poured, 
with tarpaulins hay, both. Now, while may possible ob- 
tain first-class work this way, undoubtedly great 
expense thus the work, and likewise risky, the work may freeze 
any time, especially the thin floor slabs, from underneath. 

The speaker knows number cases collapse due this 
cause, and believes that the erection reinforced concrete work, 
which there are thin floor slabs, undertaken during freezing weather, 
with grave responsibility and uncertainty. 

might interesting compare the quantity steel required 
the work the Building and that 
steel skeleton structure. complete steel frame structure for 
the Building, computed for the same loads that were used 
the author, would weigh approximately 1500 tons. the McGraw 
Building the steel columns weigh 655 tons, the rods 507, 
making total 1162 tons, equivalent saving the McGraw 
type 340 tons the steelwork. This would amount about $21 000, 
assuming the price steel about $62 ton. This difference, 
however, would most likely more than offset other ways the 
steel skeleton type, there would much less required, and 
the erection methods would less expensive. the author 
made comparisons the cost these different types 
tion; so, would interesting have his figures. 

experience covering more than seventeen years the con- 
struction buildings, the speaker has had deal with practically 
all kinds materials, and has had charge number 
structures. his opinion, nothing, thus far, has been de- 
vised which the modern steel skeleton type con- 
for high buildings, not only for safety, but for economy, 
speed construction, and ability make the frame thoroughly 
fire-resisting possible. 

Every condition loading can intelligently taken 
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steel structure, the stress each member the frame being capable Mr. Stern. 
complete analysis, and the knowledge hand to-day what 
the unit stresses should has been thoroughly tried out that 

safe say there practically element uncertainty the design 
steel building. concrete building, however, the 
otherwise. The factor ignorance much greater. Most 
the work done the premises labor more less unskilled. 

The supervision the work during construction the most 

exacting nature, and requires high intelligence and unremitting 
al, The difficulty getting good workmanship, and making 
the construction correspond with the plans, very great, and, finally, 
after the work finished, grave defects workmanship may exist 
spite all the care exercised. 
Am. Soc. (by letter).—This paper has been Mr. Mensch. 


read with great interest the writer, and, while does not doubt 


that the owners are more than pleased with the strength the build- 
ing, has take exception many statements made. 
The structure cannot true reinforced concrete build- 
118 ing, the columns being steel, fire-proofed concrete, although 
rk, ostentatiously concrete columns. Neither 
er, the latest type reinforced concrete building construction; is, 
fact, the oldest type high building construction which rein- 
forced concrete was used. After the introduction reinforced girder 
and slab construction, many years elapsed before owners and archi- 
tects could persuaded allow the use concrete columns, 
and, most eases, latticed steel columns, fire-proofed concrete, 
were used. the numerous buildings this type, the writer will 
mention only the ten-story Audit Office the French Government 
the Cours Reine, Paris. The statement, that the 
Building higher than heretofore considered practicable, must 
contradicted. The height the Ingalls Building, Cincinnati, 
about 220 ft. above the basement, and the height the Pugh Power 


Building, the same city, designed the writer, about 180 ft. 

above the basement. The latter used for the same purpose the 
McGraw Building, and has also the same spacing columns; and the 
first section, 335 ft., proved such success that the owner built 
addition it, making now about 150 335 ft. and ten stories 
high. Mr. Douglas has shown clearly the waste steel the columns. 
true that very few tests structural steel columns strength- 
ened concrete filling have been made, and the writer pleased 
able mention least one test which was made Dr. von 
Emperger, and published the July number Beton und Eisen, 
1907. about in. deep and in. from center center, 
were connected eight flat irons in. length ft. This 
column failed 100000 the buckling separately. The 
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column was straightened out, and the space between the filled 
with and tested after six weeks. The composite column 
failed 265000 lb. The iron section contained 6.3 sq. in., the con- 
section contained sq. in., the radius gyration the two 
was 2.6 in., and, from this, Dr. von Emperger demonstrates 
that the capacity this column considered the 
sum the carrying capacities the iron and the concrete. 
also mentions that the concrete completely separated from the iron, 
and crushed into pieces from ft. long. Test cubes, cut from 
such pieces, gave ultimate resistance 1120 per sq. in. 
Although this test may not entirely convincing, shows that, 
such column, the highest working stress the steel section may 
allowed safely, disregarding the concrete, which may considered 
acting only stiffener. From this follows that would have 
been safe reduce the size the columns the McGraw Building. 
The author correct his statement that the form work repre- 
sents the most part reinforced conerete construction; and 
the suecess contractor, and also the speed erection, depend en- 
tirely his ability organize his carpenter force, and give his 
foremen complete working drawings, omitting not the smallest detail, 
specifying the number and kind nails; fact, the work 
the same basis structural steelwork. But also the duty 
the engineer design the building that the form work reduced 
minimum. For example, lumber comes only certain sizes—a 
column in. square specified, the forms can only made 
ripping the planks. the other hand, will found that column 
194 194 in. can formed using commercial lumber, and 
absolutely necessary that the designing engineer should know the 
commercial sizes lumber, they vary with different localities. The 
same applies girders and beams, which, rule, cannot obtained 
even dimensions without considerable waste labor and material. 
The use brackets should considered. seems that 
most they are adopted for good luck, with regard 
statical considerations. The writer has seen many brackets, the 
under side which formed angle 60° and more with the hori- 
zontal, which were generally not more than in. length. Such 
brackets add greatly the cost, but very little the strength, the 
structure. little consideration would show that would cheaper 
use deeper girders and omit the brackets. bracket im- 
portance only the underside forms angle not more than 
25° with the horizontal. 
The layout girders and beams should made simple possi- 
ble. The writer cannot say that the distribution girders and beams 
the Building the most economical, the most favor- 
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able, for the form work. the Pugh Building, the girders were Mr. Mensch. 


adopted the direction the 21-ft. spans, and the beams the 
direction the 14-ft. spans, and were spaced about ft. apart. This 
reduced the number beams, and made the centering the girders 
much simpler, and the little excess concrete used the slabs, which 
were reinforced both directions—a necessity every good design— 
was more than counterbalanced the saving the form work and 
time. The fact that, although the floor area this building was 
more than 20000 sq. ft., and all the walls and main partitions were 
also reinforced concrete above the third floor, the rate progress 
was story every days, with comparatively small gang men. 

regard the use derrick tower with four swinging booms, 
the writer’s experience proves that the cost the handling the 
conerete and the installation such outfit considerably more 
expensive than the use small elevator and concrete bucket, which 
empties into hopper and hauled two-wheeled buggies the 
place where needed. 


sign the Building, careful attention has been given 
those details intended secure continuity the beams, even though 
the New York Building Code does not permit the designer take 
full advantage the increased strength resulting from such con- 
tinuity. This feature the design has been made the subject 
some adverse criticism, account the abundant reinforcement pro- 
vided. The writer believes that these criticisms are not well founded. 
The description and drawings the reinforcing frames for the girders 
show the steel over the supports the same that 
the center the span, and this has been regarded some 
waste material. The usual formulas for stresses continuous 
beams apply the case concrete only when such reinforcement 
provided. the derivation such formulas, three conditions are 

supports, conforming the unstrained out- 
line the beam—usually styled supports all level; 

all equal; 

3.—Uniform moment inertia throughout the length the 
beam. 


The first these conditions impossible fulfill, the second 
seldom prevails, and the third commonly ignored. This not in- 
tended for cynicism, but simple statement fact. Imperfect 
workmanship, uneven shrinkage concrete, and elasticity the ma- 
terial, make any assumption “supports level” untenable. This 
alone sufficient reason for placing small dependence the increased 
strength due continuity, when designing the beam. 


Mr. Stevens. 


Mr. Stevens. 


example very common and erroneous interpretation the 
third condition found another discussion this subject. Mr. 
Noble has said that the formulas for stresses continuous beams 
apply only when the bending moments are 
“adequately met moments resistance, and then only when the 
unit stresses the material furnishing this amount resistance are 
the same the center span and the points support.” 

This decidedly variance with the third condition imposed 
the formulas. Uniformity stress far from identical with uni- 
formity moment inertia. 

The amount the bending moment over the support added 


that the center the span will give sum equal 


infinite series uniform spans uniformly loaded. If, further, the 

moments inertia the sections the beam are the same through- 

out its length, then, and then only, the bending moment over the 

support 

eight more spans complying with the three conditions before 

mentioned, and uniformly loaded, the span the middle would have 

approximately—within 1%—the above distribution bending mo- 

ments. 


€ 


design which assumes some fraction this total, the 
moment the support, and the remainder the moment the center 
the span, simply because moments resistance have arbitrarily 
been provided those points resist such moments, cannot justi- 
fied any sound theory. 

order show how erroneous any conclusions drawn from such 
assumptions may be, the writer has derived the correct moments the 
supports and center the span corresponding with various ratios be- 
tween the moment inertia for the cantilever portion and that for 
the suspended portion the span. 

The beam considered will assumed one infinite 
series uniform spans, uniformly loaded—approximated span 
the middle series eight more spans—and with supports 
“all level.” Fig. let the following nomenclature and condi- 
tions govern: 

undeformed neutral axis the beam, with 

and points contraflexure; 
uniform load per unit length; 
DE; 
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All conditions are symmetrical, therefore the elastic curve will mr. stevens. 
bending moment the center the span, 
BD; 


Since and are points contraflexure, and bending moments 


these points are zero, the beam may regarded made three 
sider first the span, loaded with per unit length. the 
well-known theory flexure, 
Differentiate and obtain the first derivative, 


Consider now the loaded with the uniform 
load, per unit length and the end reaction from This 


end reaction equal From uniform load: 


| | 
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and the sum these deflections, 
obtain the first derivative 


and, from Equations and 
(10) 


whence, 

The negative sign governing the second term this equation 
due the fact that the moments the cantilever and those the 
suspended portion are opposite sign. will dropped hereafter, 


assigning and consistent values, fractions the total 


values have been platted and curve drawn through them (Fig. 10). 
curve has also been drawn for the vaiues terms 


« 


the values the various functions given these curves corre- 


and one for the ratio, for comparison with Attention called 


hence 


0.66 


1 2 
which values correspond exactly with the formula for beams with uni- 


form moment inertia. will noted that the curves for 
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and intersect common value 0.17, indicating that for these 


values, the depths are uniform, the stresses the center and 


r 


the supports will equal. If, often 


and bending moment provided for the supports, 
« 
overstress 123% will result. If, said the French practice, 


Therefore, the conditions continuity and loading assumed are 
realized, the result will actual theoretical stress times 
great that caleulated. This appears extremely 
bad designing. 

must borne mind that the live load sustained the 
beams and columns building not uniformly distributed one, 
but varying set unequal loads, sometimes concentrated 
and sometimes distributed over varying areas. steel structure, 
where each beam independent span, uniform live load, with 
proper “scaling down formula” can specified which will enable 
the designer work very close actual conditions. reinforced 
structure, where the floor slabs, the floor beams, and the 
girders are built continuous beams, the stress every beam, girder, 
and column influenced every live-load concentration, whether 
make close and the most conservative estimate must 
placed upon the value continuity factor saving material. 
Also, concentrated loads are provided for, the 
over the supports must made equal that the center the 
span, has been done the design the Building. 

the design steel structures, experience has taught that forms 
which the stresses each member can determined accurately 
are preferable. Many the statically indeterminate forms, such 
multiple intersection trusses and continuous girders, have almost en- 
tirely disappeared. 

The workers the younger art reinforced would 
well give most respectful consideration this idea using stati- 
determinate forms, which has become general the design 
structures steel—a material the properties which may far 
more determined controlled than those concrete. 
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engineering structures has had phenomenal development, 
the amount built each sueceeding year and the 
variety applications made. field rapidly 
broadening, and its exploitation believed have been overdone 
few lines. 

The theory concerning the mode action the two materials 
involved, constantly undergoing modification, making more per- 
through deduction from experiment. This the method 
development any art; and this particular branch the build- 
ing art, believed that experiment alone can proper working 
stresses determined, upon which base all designs structures. 
Such stresses should deduced primarily from fatigue experiments, 
and not chosen arbitrary fractions ultimate strengths. 
believed, further, that every careful designer should take proper 
the secondary stresses induced structures like buildings 
and arches, the increasing permanent set caused repeated loading. 


The discussion this subject, hich formal paper was printed 


Proceedings order that the views expressed may brought before all members 
the Society for further discussion. 
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Experimental research yet much needed along several different 
lines connected with this subject. More light desired the 
cause and cure the retrogression the tensile strength cement 
briquettes, often disclosed. More extended compression tests are also 
needed determine the presence and amount any retrogression 
the compressive strength concrete. When tests, published engi- 
neering periodicals, show, the end years, values hardly greater 
than those the end days, would seem this subject needed 
most careful investigation. 

possible, cement higher compressive strength should de- 
veloped, especially for use conerete columns. Perhaps this im- 
possible with the materials involved, because their very nature, and 
because the strength the aggregate has been practically reached; 
but unless some considerable can secured, would seem 
conerete columns would have excluded from consideration 
high building design; that is, structures higher than perhaps six 
stories. their stead, structural steel columins would seem necessary, 
but they should heavily fire-proofed and entirely filled with con- 
crete cheap quality. may seem excessive some engineers, but 
believed that experience has shown the necessity fully in. 
good concrete fire-proofing over all extreme edges such columns. 

The best design for the steelwork columns this variety, 
believed angles latticed battened, channels similarly 
fabricated, perhaps wide-flanged L-beams, the usual Z-bar types. 

Columns the Considére variety are believed proper, 
suitable relation exists between the spiral and the longitudinal re- 
inforcement, and sufficient quantity each used. such 
columns, lower limit should set the quantity each kind 
reinforcement, and upper limit the size the opening between 
the parts. may not out place state that the inventor 
spiral reinforcement himself uses spirals very thick material with 
comparatively small pitch, and believed that large majority 
the columns being erected the present time, and considered 
high carrying capacity, would not disclose any appreciable excess 
carrying power tested failure. 

reinforced concrete columns, with longitudinal rods the 
principal reinforcement, upper limit should set the percentage 
which may allowed. addition the fact that many laboratory 
tests show lower efficiencies for rods large diameter concrete 
columns, would seem the use rods more than in. diam- 
eter, aggregating more than the total area the column 
were more than doubtful value, simply from the impossibility 
being certain that enough adhesion developed secure the theoreti- 
cal compressive stress the steel itself. might seem more 
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nearly practical conditions would secured, laboratory tests, Goodrich, 
all were kept away from the ends the concrete 

columns distance equal least one-fourth the diameter the 

column. 

believed that too little attention given the design the 
footings under such columns, especially with regard proper trans- 
mission the stress the longitudinal rods into the foundation 
concrete, and that most work not more than half the proper number 
ties are used prevent buckling the vertical rods. The dis- 
position the latter, prevent easy depositing the concrete, 
imperative, and those varieties columns which the steel 
distributed very uniformly through the whole column section are viewed 
with distrust, however superior they may considered from 
theoretical standpoint. 

Great care should also exercised the design the beam and 
girder reinforcement, prevent congestion steel the column 
sections the floor levels. Much ingenuity can profitably expended 
obviating this trouble. 

well known that the addition steel increase the com- 
pressive strength concrete columns not the side economy 
first cost, but only economy floor area would seem, 
therefore, the best practice would introduce steel only 
bending stresses, and use cement higher quality (if ob- 
tainable), richer mixture the commercial product, and thus 
secure higher working stresses with correspondingly smaller sections. 

The subject impervious concrete vital importance for those 
who are interested the construction dams, reservoirs, conduits, 
sewers, and water pipes; hardly less interest connection with 
sea walls, retaining walls, bridge abutments, and building founda- 
tions; and even considerable interest regard the superstruc- 
tures buildings, arch bridges, ete. Many experiments have been 
made the perviousness different mixtures different aggre- 
gates different sizes, but, apparently, something further neces- 
sary. Great things are claimed for the several patented wet and dry 
compounds now the market, designed render concrete im- 
pervious, and, until further progress can made this line, the use 
the best these all concrete work strongly recommended. 
Perhaps impervious cement will soon evolved, either 
the addition one the present products the practically 
finished cement product, somewhat gypsum now added, 
some other substance which the inventor may work out. Such 
cement greatly desired, for other reason than prevent 
the unsightly discoloration from efflorescence which now defaces al- 
most all exterior cement work. This may partially cured the 
use so-called cement, but all those now the 


Goodrich. 


172 DISCUSSION THE USE REINFORCED 


market are unsatisfactory, either effect first cost. 
and cheaper one essential. 

Although other elements than moisture are involved the rusting 
steel, the use impervious cement would have gone far toward 
preventing the absolute disintegration the metal backing some 
work examined the speaker several occasions, and would 
make one feel much safer the probable life some the re- 
which has been plainly visible the bottoms floor 
slabs when the latter were slightly scratched with knife other 
sharp implement. will not very long before some such floors 
will show signs failure, especially those which wires small 
diameter, sheet material small thickness have been used for the 
reinforcement. 

Impervious concrete also vital importance foundations, 
and walls reservoirs, conduits, through which water will perco- 
late slowly. known that least one heavy retaining wall be- 
came honeycombed such extent that failure resulted; and one 
high building lower Broadway, New York City, the sub-cellar 
walls have been screened, apparently hide the process which may 
possibly slowly producing similar effect that structure. 

Again, the few experiments which have been made with regard 
electrolysis embedded steel wet concrete, together with the 
astonishing phenomena observed one reinforced concrete street car 
barn, which hot metal was sometimes encountered when trolley 
pole left the trolley wire, seem evidence the 
necessity using impervious concrete all reinforced foundations 
which may the line. electric earth currents. 

would also seem wise use only such concrete reinforced 
concrete piles, because they are relatively slender members, and any 
disintegration either the reinforcement the concrete them 
would grave moment. the general subject concrete 
piles, not enough yet known. While strong difference opinion 
may exist, would seem fewer objections could raised against 
those piles which are moulded plain sight and driven wooden 
pile, than against those piles which are moulded place. The latter 
rarely are properly reinforced, and extremely likely that the 
fresh concrete will displaced before has properly set, opera- 
tions their vicinity. 

very heavy hammer should used for driving such piles, one 
weighing least much the pile being very important. 

probable that impervious will partially solve the 
problems incident the use cement sea water, whether the dis- 
integration caused the latter chemical its 
nature. has already been demonstrated, the New York Navy 
Yard, for example, that rich face mixture, rendered more im- 
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pervious surface treatment soon the forms are re- 
moved, the best preventive disintegration. hoped that 
someone, therefore, will produce water-proof cement. 

More than often taken, should exacted with regard 
the placing Some hints have been given the 
evils incident poorly designed columns, placing floor reinforcement 
too the surface, and the dangers electrolysis. All these 
may obviated great extent the exercise care design 
and execution. The compulsory use fabricated 
place separate bars beams and girders, advocated. 
believed that the small possible saving which claimed for the 
latter method more than offset the insurance that rod two 
will not omitted from important member, short 
one thrown take the place lost longer one. Such have 
been actually observed, even with the most perfectly organized forces, 
and one superintendent company which still advocates separate 
bars, said the company could have some his salary they 
would use units, because the immeasurable lessening responsi- 
bility his shoulders. 

More attention should paid the subject shear diagonal 
tension concrete beams and girders. The fact that cer- 
tain empirical systems have produced many buildings which have not 
ecllapsed under load, proof the adequacy their reinforce- 
ment this respect. believed that, much work now under 
way, while the factor safety against failure through tension com- 
pression four more, the margin safety, with regard diagonal 
tension, much smaller. The care taken with this point design 
foreign engineers far above that common America. Many 
more experiments, covering various ages and arrangements, are 
urgently needed. 

The ideas incident the use discrete structural members are 
not applicable the design concrete structures. the 
latter, the continuity the members should recognized, and the 
columns, beams, girders, and floors, should ar- 
ranged make the parts act rigidly connected elements. The 
design columns simply compression members, entirely ignoring 
the bending produced unbalanced loads rigidly connected girders, 
not considered the best practice; and the use the factor, the 
moment formula from the older methods used 
timber and steel. Even the use much supports 
corresponds with the factor, believed entirely inade- 
quate; and the speaker ventures the prophecy that progressive failure 
taking place many structures designed with only that quantity 
steel the points question. 


further advocated, that designs made that tests se- 
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curity can carried out the very day the centering allowed 
those dates. Such specifications, rigidly adhered to, would reduce 
minimum the danger and number premature failures. 

Deformed rods may better theory, but almost practical 
their superiority have been produced, far known. 
Laboratory tests are hardly conclusive, since many experiments 
beams actually seem show some kinds rods really detri- 
mental the best results. 

More experiments are very desirable concerning the effect the 
proportion water used the original mixture and the effects 
continued and intermittent saturation the concrete, upon the ad- 
hesion between and smooth rods embedded therein. Perhaps the 
use impervious concrete would solve this difficulty, irrespective 
the actual effects produced excessive moisture. More fatigue ex- 
periments, also, are essential full knowledge this subject, and 
the very few far reported along all lines are worthy the highest 
commendation and the most careful study. 

The compression experiments this kind, conjunction, with 
those carried rupture columns the Considére type, seem really 
show the justice allowing high stresses such columns. 
long the elastic limit the not reached, since columns 
reinforced this way show very large deformation before final failure 
(thus reducing the danger the latter), there would seem 
good reason for restricting the working stress the low figures 
present usually exacted for plain concrete longitudinally reinforced 
columns. 

Nor rods high elastic limit appear advantageous, under 
ordinary conditions. Since all varieties steel have practically the 
same modulus elasticity, and since the first tension cracks the 
concrete appear approximately the same strain all specimens, 
and consequently the same stress, irrespective how much higher 
the elastic limit may be, the relative amount the latter 
importance provided beyond the usual working stress. 

Perhaps such rods may value column work, where high 
stresses are used, and they may advantageous the reinforcement 
long walls against shrinkage, but, even these positions, the ad- 
vantage not evident. actual structures the last 
mentioned kind, where cracks have appeared, together with the 
amount steel introduced, are greatly desired. possible 
that the distribution the reinforcement also influential some 
extent. 

The character and size the aggregate does not receive half the 
attention deserves, and the quantity water being used, especially 
the manufacture much cement brick, concrete blocks, and orna- 
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mental cement work, entirely inadequate. Very few persons are Mr. Goodrich. 


nteresting themselves the artistic phase the subject, and the 
attained most part are still considered rather crude. There 
some beautiful exceptions this statement, however. 

should made means securing more uni- 
formity color stucco, and the application color cement sur- 
‘aces should receive more study. Europe there are some beautiful 
xamples such work. While some progress has been made devis- 
‘ng effective and pleasing results surface treatment concrete 
there still ample opportunity for improvement. All are 
familiar with the terazzo effect good work, and most 
seen surfaces which have been picked, axed, hammered, treated 
with sand blast. Some the effects produced washing, with 
heavy serubbing while quite fresh, and etching with weak acid are 
fairly pleasing, but probably the use stucco all its several varie- 
‘ies will eventually predominate. Colored tile can also used, either 
with stucco combination with selected aggregates, 
and treated with water acid bring out the color. 

With the wider use stucco, the necessity securing perfect 
bond between and the foundation material will more apparent. 
Several patented and secret processes are now use, but none be- 
reproach, and this there wide field for improvement. When 
eventually produced, such bonding process should used, even be- 
iween parts work done succeeding days. 

The engineer should pay more attention the subject forms. 
specifications, hitherto, had not been indefinite regard this 
item, fewer premature failures would have taken place. The practice 
followed the erection least one important arch, design- 
ing and specifying detail all points the centering, can 
followed profitably lesser structures. With this element risk 
removed, wherein the contractor has opportunity involve seriously 
the safety the work his faulty design and erection falsework, 
and with the use units designed engineer 
long and wide experience, there reason why reinforced con- 
work, eventually, should not become absolutely safe and fairly 
economical. Only one other point remains: the process manu- 
facture should inspected carefully the production 
structural steel and the grading timber. Then the ideal will 
have been reached. Meanwhile, careful study the problem 
forms exceedingly profitable, because, the cost finished work, 
that the labor and material thus involved often exceeds 40%, and 
sometimes approaches 75%, the total cost; and, when carefully done, 
may reduced 25%, where conditions are favorable. The rapid 
deterioration all form material, because wear and tear from re- 
peated use, makes this item cost high, even when the forms are 
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used great many times. Doubtless, metal will eventually used 
great extent, although wood will continue necessary for many 
parts. Staff being used excellent advantage, even for compara- 
tively simple work, but not probable that its use will ever very 
extensive. Some device which will remain permanent part the 
structure will probably used, because these parts themselves can 
moulded shops where few forms are necessary, and the latter can 
used great number times. similar way, the manufacture 
structural members factory, machine, such manner 
that few forms are necessary, will also more widely developed 
where conditions make possible. 

the labor element, reduction can often made handling 
the forms large units derricks, and many devices are constantly 
being invented away with the costly work involved the use 
the saw, hammer, and nails. Bolts and wrench, and work 
length mill, are more nearly ideal. all probability, less atten- 
tion will soon given the finish the work comes from the 
forms, because, for most classes work, better quality surface 
finish desirable, and more than enough money can saved using 
forms, cover the cost such surface treatment. 

Perhaps yet too early the subject standardizing 
the sizes beams, percentages reinforcement, but such step 
will doubtless taken just soon the art has outgrown its pres- 
ent really experimental stage. 

Finally, plea made for more rational municipal building regu- 
lations and architects’ specifications, the framing which 
neers should have hand. When the designing engineer and the man 
charge the furnishing materials and erection the 
are individuals, better results will attained; and owner, 
architect, engineer, and contractor will then all striving for 
most economical and artistic structure possible. 


Am. Soc. E.—The effect sea water upon 
Portland cement mortar and concrete, and upon steel embedded there- 
in, subject which has received considerable study from American 
and foreign engineers and chemists, for several years past; but the in- 
vestigations thus far made appear have resulted very little positive 
knowledge the subject. There considerable conflict opinion 
between foreign experts themselves, and between foreign and American 
experts. What most desired know why certain works have 
failed, and why other works have stood the tests many years with- 
out any signs decomposition injury. When this known wil! 
possible write specifications for future work which the chemi- 
cal composition the Portland cement used, and the mixture, manipu 
lation, and placing the shall such will insure uni- 
formly safe and satisfactory results. According the best known 
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European writers the subject, the use Portland cement concrete Mr. Thacher 
sea water attended with great risk chemical decomposition, 
and and expensive carry out their recommendations, 
the way precautions observed overcome partially the 
risk such result, and their conclusions not appear justi- 
fied experience America during the past twenty years more. 
Feret states that cement has yet been found which will give 
absolute security against the decomposing action sea water, that 
acid the cause decomposition, that the cement 
should low alumina, and low possible lime, that puzzolanic 
material valuable addition the cement, that gypsum should 
used sparingly, that fine sand used mixing injurious, and finally 
that the mortar must such will give dense and impervious 
concrete. 
Dr. Michaélis also completely impervious mixture, 
but differs from Feret recommending that least one-third 
the sand used mixing must very fine. the whole body the 
conerete not impervious, says, this impervious layer should sur- 
round the porous kernel all sides, and even underneath. advises 

cement rich silica and poor possible alumina and ferric 
oxide, also the addition puzzolanic material the cement. 
Chatelier considers that the aluminous compounds Portland 
cement are the direct cause its disintegration sea water, and ad- 

vises that the alumina replaced oxide iron. These foreign 
authorities not give the chemical composition practical Port- 
land cement, such they would recommend for work sea water, 
but satisfy themselves condemning greater less extent every 
constituent Portland cement, except silica, and manufacturer 
has yet sueceeded producing satisfactory Portland cement contain- 
the ing this material only. 

The writer has communicated with quite number American 
pon engineers who have had extensive experience the use concrete 
sea water, and, almost without exception, the results have been 
highly satisfactory, notwithstanding the fact that very little precau- 
tion has been observed regarding the chemical composition the 
cement, the impermeability the mixture; and the damage sus- 
tained has been confined mostly points between high and low water, 
apparently due mechanical causes chemical decomposi- 


tion. Joseph Kuhn, Major, Corps Engineers, A., Norfolk, 
Va., the opinion that little apprehension chemical action need 
felt when standard and well-proved brands seasoned cement are 


will used. mentions sea wall built Fort Monroe, just outside low 
water, fifteen years ago, concrete, with two-man stone in- 
corporated. has been exposed wave action from storms, which 
the beach sand was stirred up, and hurled against the wall with great 
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also tides and heavy swells from steamers. This mixture 
would naturally give very porous concrete, but hard and tough, 
and indications chemical action damage any kind are 
noticeable except between high and low water, where the wall has 
places been reduced thickness much This face has been 
repaired concrete. Major Kuhn concludes that, using 
Portland cement good quality, and dense and strong facing layer 
when exposed the action the water, concrete-steel structures are 
safe salt fresh water. 

Staniford, Am. Soe. E., Engineer Chief, Depart- 
ment Docks and Ferries, New York City, says: 


“In the work constructing the bulkhead river walls around 
Manhattan, which has been progress for the past years, and 
now being continued, extra precautions are taken account the 
concrete being laid sea water, except the use first-class material 
and careful work.” 

all the river wall, from low water up, has granite 
face, backed concrete place, and heavy concrete blocks set 
place with derricks from low water down, and the work perfect 
condition, after, many cases, period years. This applies 
also blocks laid above water points not readily visible, 
and concrete laid masse above low water during the past years, 
except one location where, between low water and ft. above, the 
shows some signs pitting, and slight disintegration, which 
indicates wear occasioned the extreme pressure ice during the 
long low-water slack. 

Hoag, Jr., Am. E., Assistant Engineer, Depart- 
ment Docks and Ferries, says: 


“As regards chemical action, the experience New York Harbor 
ought valuable, our waters carry sewage probably not equalled 
any smaller city. chemical action counts for anything, think 
would the harbor New York along the North and East River 
waterfronts. not think that the possible deterioration from chemi- 
action likely amount much, unless the exposure close 
proximity some chemical works. The above remarks are predicated 
first-class material and workmanship.” 

committee the Association Railway Superintendents 
Bridges and Buildings made some investigation the subject con- 
sea water, and some the replies its inquiries are in- 
terest and may noted follows: 

Where there ice, concrete made air with fresh water 
and sunk sea water, works well. would not deposit concrete 
direct into sea water. Disintegration more rapid than deposited 
blocks. Where there large ice formation, concrete between high and 
low water will disintegrate from in. annually. Stone facing 
recommended. 
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Mix dry, water, and deposit through chutes; depositing Mr. Thacher. 


blocks preferable; tides and frost have appreciable effect blocks. 

Conerete deposited direct into sea water gives perfectly satis- 
factory results the materials and work are right. The cement should 
not more than sulphuric tri-oxide. Concrete should not 
leaner than 1:2:4. Stone facing preferred between high and low 
water. 

pier Warren, I., built about years ago, 
1:3 mortar, sound except between high and low tide, where has 
worn away places from in., due ice and tide. Current 
about miles hour. 

The committee reports favor depositing concrete direct into 
sea water. considers this method the cheapest and best, and 
the opinion that, with good material, properly mixed and handled, and 
with granite face above low water, will good service. 

Louis Sabin, Am. Soc. E., says: 


“Many the most eminent and conservative engineers consider 
that most failures are due improper specifications, proportions, and 
manipulation, rather than any defect the cement.” 


William Mackenzie, Chief Engineer, Intercolonial Railway 
Canada,* has used concrete eight different places clear sea water, 
and every disintegration has taken place between high and low 
tide, from in. in. depth. The concrete was generally 
learned that, where sea water carries sediment, the sediment pene- 
trates into the pores and coats the surface, and disintegration takes 
place. 

Martin Murphy, Provincial Government Engineer, Nova 
has used extensively for bridge piers since 1883. Some the 
bridges were within the influence the turbulent tides the Bay 
Fundy, most them exposed heavy drift ice, and all them 
extremes temperature, yet but one failure can recorded, and that, 
his opinion, was due careless workmanship. 

Department Bridges, Borough the Bronx, New York City, has 
made interesting experiment relating the preservation steel 
embedded concrete sea water. August 24th, 1904, some- 
what more than three years ago, sank Pelham Bay, ft. 
water, shallow wooden box, which ten steel Thacher bars, spaced 
equal intervals, had been spiked wooden cross-pieces. bucket 
1:2:4 was then lowered and dumped and around these 
bars. After one month the box was raised and placed low tide, 
where was covered with sea water twice every hours. The bars 
have been removed from time time, and all have been found free 


Engineering News, October 31st, 1907. 
Transactions, Am. Soc. E., 


n- 


Mr. Thacher. 


Mr. 


180 DISCUSSION THE USE REINFORCED 


from rust. The speaker saw the last bar removed January Ist, 
1908, and and also the spikes with which was fastened were free 
from rust. Only thin film grout most could find its way under 
the, bars points where they were contact with the wood, but 
rust could discovered these points. 


Sanrorp Am. Soc. E.—Columns represent the 
most vital part building, since the failure one may cause the 
fall the entire structure. The extreme variations the funda- 
mental assumptions different private specifications, and also city 
ordinances, make imperative that the subject should receive more 
and scientific treatment. illustration the variety 
ideas what constitutes safety, the extremes may cited cer- 
tain city ordinances which permit load not greater than 350 per 
sq. in. the column, and the value which sometimes used private 
practice 1000 lb. per sq. in. based the entire cross-section the 
without appreciable The convincing argument, 
once addressed the speaker prominent architect, for the adop- 
tion the latter value important structure was that buildings 
the Middle West had been designed and constructed with this unit 
compressive stress and were still standing. 

The owners building frequently bring great pressure bear 
upon the designer reduce the size the columns the lower 
stories. This not wondered when considered that 
their dimensions may in. square, and thus require ap- 
preciable amount floor space. 

well recognize the start that concrete columns, 
section which will compare favorably with steel, cannot yet 
safely and economically constructed. design after the principles 
followed Professor Burr the McGraw Building perhaps ap- 
proaches minimum section closely possible, but, even here, 
only low unit stress can allowed the steel without over-com- 
pressing the may laid down general principle that, 
not only cheaper resist compressive stress with concrete than 
with steel, but also that concrete cheaper than any combination 
which may made steel and concrete. 

order reduce the size concrete columns, four distinct 
methods have been used: 

(1).—Rich proportions, 
(2).—Vertical reinforcing steel, 
(3).—Structural steel reinforcement, 
(4).—Hooping banding. 

The use very rich mixture has much commend it. The 
ultimate strength, using 1:1 mortar, may reach 5000 Ib. per 
in.,* and the modulus elasticity will also high that the defor- 
mation will slight. 
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The introduction vertical steel rods indicated the majority 
tests* satisfactory manner increasing the strength, but 
the low stress which taken the steel without permitting too 
deformation the concrete, makes this expensive method, 
and the steel limited, not only economical con- 
siderations, but also because the difficulty, especially when deformed 
rods are used, placing the concrete around them properly. 

The use structural-steel shapes for has already 
been fully considered previous discussions that further men- 
tion need made here. 

Hooping banding, first introduced Considére France, per- 
haps more than any other method reinforcement, has caught the 
popular eye, with resulting tendency great extremes loading. 
For this reason, behooves engineers examine very carefully the 
underlying principles involved this method and 
the results experiments thus far made. 

illustrate the position taken many conservative engineers 
the subject hooped columns, may worth while study for 
moment the real action which takes place under loading, shown 
both theory and tests. 

When load placed upon the top any column, causes verti- 
cal compression deformation with, the same time, lateral ex- 
pansion. The lateral expansion concrete columns, shown tests 
upon plain and upon columns Mr. Howard the 
Watertown Arsenal,t and Talbot, Am. Soc. E., the 
University first very small. Any stress produced 
the steel hooping must proportional its deformation stretch- 
ing; with small lateral expansion the concrete, there can 
but slight stress the hoops. For this reason, and also because 
the initial shrinkage the which the lateral expansion must 
first overcome, scarcely any stress pull comes upon the hoops until 
the conerete within them has reached loading equal the breaking 
load plain this load approached, the modulus 
elasticity the becomes very much lower, and consequently 
both the vertical and lateral deformations become much greater. Then, 
and not until then, does the lateral pressure begin act appreciably 
upon the hoops. other words, the very crushing strength 
plain the value the hooping actually negligible. From 
then on, the takes practically all the load, and high 
ultimate strength may attained, although coincident with great 
shortening the column. 

evident.that, concrete confined tube, advantage can 
taken the added strength due the tube. the other hand, 
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hoops are very far apart, evident that the concrete, when 
reaches stress equal the strength plain concrete, will thrust 
out between the hoops. Professor Talbot’s tests,* using gradually 
load, indicate that, with ordinary spacing (the effect 
different hoop spacing not definitely discussed the advance report 
the tests thus far made), the hoops will effectually restrain the con- 
crete within them. The effect repeated and continued loading was 
not investigated him. 

Even with the restrained within the hoops, the shell 
concrete outside them, which necessary for fire-proofing and for 
the protection the steel, begins crack and peel about the same 
load that which will cause complete failure unreinforced con- 
crete. Professor Talbot, fact, states general proposition that: 
“Cracking and peeling the concrete appear loads corresponding 
the ultimate strength the concrete.” 

This applies hoops held rigidly. the hooping short spiral 
sections, with the ends the wire rods simply lapped insecurely 
fastened together, follows, inevitably, that the spiral must give way 
and unwind soon exposed the stripping the concrete 
from the steel. Consequently, the breaking strength column hooped 
this way will only effectively equal that unreinforced 
column. 

The modulus elasticity the concrete within any hooping, after 
the point exterior cracking reached, drops very rapidly, reaching, 
the two diagrams shown Professor Talbot’s paper, less than 
300 000 per sq. in., even 2000 lb. per sq. in. stress the column, 
the deformation becoming great, fact, that any vertical rein- 
forcing steel, unless such quantity take the full load, would 
pass its elastic limit soon after the point first and its 
buckling increase the surface peeling. Furthermore, from the ap- 
pearance the deformation curve, the concrete itself would seem 
somewhat the same condition steel after has passed its 
elastic limit. 

When considered that the usual practice concrete column 
design takes definite account loading, bending 
caused expansion and contraction floor and wall areas, and that 
inferior spots may occur any concrete, through careless mixing 
placing, appears that the greatest care should exercised fixing 
the unit stresses hooped columns. 

Tentative conclusions with regard hooped column design the 
present stage tests may summarized follows: 

(1).—Hooping, properly applied, increases the ultimate break- 
ing strength under single loading double treble the breaking 
strength plain column. 
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(2).—The surface concrete outside the hooping will begin 
crack loading corresponding the breaking load unhooped 
concrete column. 

(3).—Hooping, not continuous rigid, will peel off with sur- 
face concrete, that the effective strength the column will 
greater than similar one plain concrete. 

(4).—The total vertical deformation hooped column 
great the period first external crack that any vertical steel, unless 
designed carry the entire load, stressed beyond its safe strength. 

(5).—The ultimate breaking strength hooped column 
measure its safe strength, and formulas based the ultimate 
strength are useless. 

(6).—With the present knowledge, based tests America and 
abroad, the safe load allowed hooped columns should but slightly, 
any, greater than similar columns without hooping. 

spite the favorable reports which have resulted from the 
European experiments upon hooped concrete, seems impossible 
ignore the additional facts brought out American tests. Before the 


hooping acts, the has begun crush, and any structural ma- 
terial which has begun crush unsafe. 


Burr, Am. Soc. E.—Statements made the 
this discussion appear indicate that, such general treat- 
ment the entire concrete-steel question this, some features 
least the use concrete-steel should receive more careful con- 
sideration than would otherwise seem necessary, view recent 
constructions. 

Caution has been urged against using unit working strees the 
concrete-steel combination exceeding one-tenth the ultimate resist- 
ance plain concrete, such caution being based upon some the 
results obtained the tests 12-in. cubes 1:2:4 concrete the 
Watertown Arsenal. the consideration experimental results 
attained testing concrete cubes, the utmost importance 
know completely all the circumstances such tests, including the 
preliminary tests the cement used and the gradations the sand 
and gravel broken stone aggregate. 1:2:4 concrete should 
mixed relatively dry, and allowed set air and remain dry 
building, from the time its mixture until testing, the results the 
end any usual test period might and probably would quite dif- 
ferent from those found the end the same period with com- 
paratively wet mixture kept constantly moist sprinkling for month 
longer subsequent mixing. Other conditions equally productive- 
varying results can named, besides the quality the cement. 

matter fact, there are numerous tests 12-in. 
1:2:4 concrete the records the Watertown which show 
ultimate compressive resistance from 000 600 Ib. per sq. in., 
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and even more, the end three months, with increasing resistances 
for longer periods. conservative statement say that well- 
balanced concrete, made with good quality Portland cement, 
may give from 700 lb. per sq. in., the end three months, 
with ultimate resistance continually increasing with age. Such con- 
crete may properly and safely expected reach ultimate resistances 
from 4000 4500 per sq. in. the end year, results which 
are justified extended experience both America and Europe. 

difficult assign any satisfactory reason for the use work- 
ing stress low one-tenth the ultimate resistance concrete. 
true that there are occasional cases retrogression, but, with the 
high grade Portland cement available from the most reputable pro- 
both America and abroad, reasonable state that, with 
the usual engineering inspection which the best classes public 
work are now subjected, cement with retrogressive qualities may con- 
fidently excluded. engineer the present time need apprehend 
sensible difficulty securing Portland cement the resistance 
strength which will increasing indefinitely, and, having 
reached its maximum, hold it. Under such conditions, working re- 
sistance permissible intensity compression concrete one-fifth 
one-sixth its ultimate, certainly affords all margin safety re- 
quired for engineering works the best class. Indeed, probably 
somewhat higher working stress than that justified large struc- 
tures reinforced concrete, especially where the reinforcement 
such character give material lateral support the concrete. 
This subject illustrated effectively the report French Govern- 
ment Commission bearing upon the use reinforced concrete 
France. that report the limit compressive stresses allowed 
reinforced concrete two-sevenths the ultimate crushing resistance 
the same determined tests plain cubes the age 
days, with the further provision that this two-sevenths may 
three-fifths the longitudinal and transverse reinforce- 
ments comply with certain prescribed conditions. This French pro- 
vision would yield safe working stress with first-class reinforced con- 
work but little any under 900 per sq. in. The Bureau 
Buildings the Borough Manhattan, New York City, therefore, 
has taken safe and satisfactory course allowing 750 per sq. in. 
such work the Thirty-ninth Street Building 
the City New York. fact, this latter working resistance 
for the best class concrete work the 
present time. 

The apprehension regarding the reliability and durability rein- 
work shown timorous expressions reminds one 
strongly the attitude which some engineers and others used take 
toward structural steel when first came into use, twenty-five more 
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ago. remarkable, when one reflects that structural steel 
practically the only structural metal which now possess, that the 
period which allusion made was frequently argued out any 
future possibility use, compared with such reliable material 
wrought iron, consequence the erratic behavior which some struc- 
tural steel members exhibited that time. cracks, started 
punched rivet hole sheared edge, would sometimes extend far enough 
destroy the reliable carrying power channel angle other 
member. Such disclosures, with other erratic experiences, were sources 
keen apprehension many; others, however, believed them 
merely passing phases difficulty, which attend the introduction 
all new materials and processes, and careful study, with intelligent 
shop manipulations, has shown them such. 
course, has more than justified the advocates structural steel, and 
that metal has now proved be, not only reliable, but far the best 
structural material ever yet made available the engineer for wide 
range purposes; indeed, wrought iron longer available for 
structural purposes, nor has been for number years. 

admirably adapted great range structural purposes. Much has 
already been learned regard it, but extending experience will dis- 
close widening fund information value the engineer its 
intelligent application. matter fact, more actually known 
about the capacity the ultimate resistance concrete- 
steel members than about the carrying capacity steel columns, 
determined actual tests. There has already been accumulated 
mass well-considered and experimental data re- 
garding the design and construction both concrete-steel beams and 
columns, although there need many additional tests some 
the latest and best forms columns. the other 
hand, there are almost tests full-sized steel-built columns, made 
such way disclose some the most important fundamental 
design. the present condition actual tests the 
two classes members, reasonable believe that there may 
least much confidence attached the computed ultimate carrying 
capacity both beams and columns now built 
under the best design can attached the computed ultimate 
carrying capacity steel columns. Engineers have been accus- 
tomed design and construct built-steel columns their every-day 
work that few ever reflect the paucity, even absence, experi- 
mental data which base rational and competent design such 
members. 

All that concrete construction needs for reliable results 
good cement, good inspection, and intelligent design, which, the 
present time, has not always had. one the most useful build- 


Mr. Burr. 


f 
q 
| 


Mr. 


186 DISCUSSION THE USE REINFORCED CONCRETE 


ing materials which the engineer has yet had his command, but 
must dealt with manner suitable any first-class engineering 
work. There must rational design, intelligent and effective hand- 
ling, and good inspection, precisely with structural steel; and, under 
such conditions, reliable and durable results may confidently ex- 
pected. 


concrete, like all other good things, should protected from its 
friends. Many young men, having very little knowledge steel con- 
crete, have formed companies build reinforced concrete structures, 
and one the first things with which they come contact the 
fact that obtain contract they must bid low, another the neces- 
sity showing the advantages reinforced concrete over structural 
steel, and, the question cost the one that appeals most forcibly 
the majority purchasers, they try design their structure 
that the cost will low as, not much higher than, plain steel. 
One the methods doing this use fiber strains which are 
higher than good bridge building designer accustomed allow. 

Many who design reinforced concrete strain their steel bars 
20000 22000 per sq. in.—strains which bridge engineers have 
countenanced only for very long spans, that is, those where the dead 
loads are large compared with the live load. The recent collapse 
Quebec, where was intended allow possible strain 24000 
and where, owing faulty detailing, the structure failed about 
Ib., has made many doubt the wisdom allowing such high 
combinations strains (even only possible), which are hardly likely 
occur any span. 

practically impossible ascertain the exact elastic limit 
the built-up members bridge—due imperfections workman- 
ship, material, and therefore decidedly unsafe ap- 
proach too close the elastic limit, estimating the stresses, 
assume that the elastic limit the test bar the elastic limit the 
full-sized member. There reason for allowing higher fiber strains 
concrete than plain steel, there are many elements 
uncertainty the former which not occur the latter, because 
far more care required the field work and inspection concrete. 

One source danger, “dry concrete,” rapidly disappearing, for 
dry concrete practically required inspector for each laborer, 
order ensure proper ramming, whereas wet concrete will almost 
ram itself—the only danger being the risk letting the water escape, 
thus carrying the cement with it. 4-in. reinforced concrete wall 
New York City was recently removed, when was found that there 
was bond between the steel and the concrete. Not knowing the 
conditions under which the wall was built, can only assumed 
that the concrete must have been put too dry. 
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After the design for reinforced concrete structure has been made, 


the three most important considerations are the proper handling the 
material, protection from rust, and—more important still—protection 
from electrolysis. 

ordinary structures where large masses concrete are used, 
containing cu. yd. can dumped place, and, wet, re- 
almost handling, but, most reinforced concrete structures 
comparatively little material used, and the utmost care required 
handling. many the extra sum paid for labor plus the 
makes the work cost much as, more than, good 
plain concrete structure containing twice much concrete, which 
case better put one’s money into the material rather than into 
the labor. 

Much difference opinion exists whether not concrete 
made water-tight. The writer’s experience has been that 
can be, but may not always be, owing carelessness, and that the mix- 
ture should always rich, that part cement parts 
sand, with much stone can covered. 

The writer has seen 24-in. which had been buried con- 
crete under the city streets for five six years, taken out cleaner than 
they were put in, and many places showing the original blue shop 
paint oil having been used. few isolated places, 
however, these beams were pitted with rust, showing where the water 
had found its way them. well known that paint and oil inter- 
fere with the bond between steel and concrete. Steel caissons and 
coffer-dams have been sunk quicksand New York City, which, 
when exposed some seven years later, showed the slightest evidence 
rust. 

The writer has removed old steel and columns, which had 
been bedded concrete and brickwork for years, which showed abso- 
lutely sign rust. Therefore, large buildings, carefully con- 
structed, would seem that there almost danger rust, but 
doubtful this true reinforced concrete bridges, where thin 
layers concrete are used, for has been found very difficult put 
roadway floor which will not allow any water percolate through. 

The danger from electrolysis probably very much greater than 
from rust, and its action more rapid. There have been cases 
New York City where certain amount current has been grounded 
through the steel foundations buried concrete, and the steel has 
been absolutely destroyed. For foundations, would seem 
safer, many cases, rely mass concrete rather than thin 
slabs reinforced concrete, which cost almost much the first 
place. course, cases where water can reach the embedded steel 
and electric current with it, the danger very great, and 
very certain its action. 
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probably true that steel reinforced concrete much less 
likely rust than steel structure covered with the best paint, 
but the latter can inspected and the former cannot. 

short, the best friends reinforced concrete should restrict its 
use its legitimate spheres, which are many. 


most novel form which reinforced concrete has been used 
transmission-line structures. 

One case the 12-mile transmission, for many thousand horse- 
power high voltage, from Decew Falls Welland, Ont., Canada, 
for which line with concrete towers was completed 
1907. Another example the line towers* carrying transmission 
high voltage St. Catharines, Ont. These towers are 
present the highest monoliths that have ever been erected, being con- 
siderably more than twice the height any the famous Cleopatra 
needles. 

For the elevations above ground which common support 
the conductors transmission lines (from ft.), reinforced 
concrete tower, various parts the United States and Canada, will 
cost from one five times much wooden pole. follows 
from this fact that there must cogent reasons, apart from 
the matter first cost, the substitution reinforced concrete towers 
for wooden poles transmission lines justified economical 
grounds. The electric transmission energy from distant water- 
powers important centers population has grown from the most 
humble beginnings the delivery hundreds thousands horse- 
power the service millions people, and the lines for some 
this work are supported reinforced concrete towers. Electrical 
supply Buffalo, Y., the amount h.p., depends entirely 
the cireuits from Niagara Falls which operate volts and, 
Tonawanda, Y., are supported reinforced concrete. 

the operation high-voltage transmissions, during the past, 
some difficulties have been met, but they have not been serious 
prevent satisfactory service. Nevertheless, being urged that 
certain impediments, met the operation transmission systems, 
would much reduced the substitution reinforced concrete for 
wooden poles, and even suggested that perhaps the first cost, and 
probably the last cost, transmission line this kind would less 
than with wood for supports. The argument for reinforced concrete 
the matter costs that, while tower requires larger invest- 
ment than wooden pole, yet the smaller number towers may reduce 
the entire outlay about the same for wood. More than this, 
said that the lower depreciation and maintenance charges rein- 
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supports will make their final cost less than that Mr. Krellwitz. 
wooden poles. 

One advantage reinforced concrete over wood that will 
not burn, and probably not subject destruction lightning. 
that reinforced concrete will not burn may make desirable 
where long line passes over territory covered with brush 
timber. tropical countries where insects rapidly destroy wood 
the use reinforced concrete, even much greater cost, might 
desirable. 

Guy Am. Soc. (by con- Mr. Waite. 
has its uses, and, the present, there are few things which 
has not been found apply. 

opinion has changed within very few years from serious 
doubt about conerete being good for anything that now held, that 
good for everything. 

Friends can much damage the cause insisting 
pointing out personal achievements where actually failures should 
have been recorded. 

not possible for one man formulate statement the 
universal adaptability concrete for given purpose, all localities 
from New York California, without knowledge all the condi- 
tions each The popular idea seems most places 
that should used for buildings because much 
cheaper than wood, and that concrete construction the cost almost 
anything very trifling. This view has recently been strengthened 
one our most distinguished and respected prophets, who promises 
see that two-family house, desired, turned out complete 
few hours. regretted that the necessary details enable 
others benefit his discovery are not disclosed. 

has its pros and cons which could stretched long 
columns, thus, for example: 


Against concrete: For concrete: 
Not good tension; Good compression; 
Requires forms; Good for limited amount shear; 
Requires time set; Strength improves with age; 
tear down—or fall Economical where forms are sim- 
down; ple; 
monolithic; 
Ete. 


Stone concrete, mixed the proportion can laid 
down almost any part fair-sized building, with profit, 
per ft., not including forms. 

average steel column, for corresponding building, could 
erected, profit, for $90 per ton. 
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Average steel floor beams and girders, standard sections, wil! 
cost $60 per ton. 

Beginning with the supporting columns building, 
reinforced concrete column (conservatively estimated) will carry 
average 750 per sq. in. the other hand, suppose 
corresponding steel column strengthened that carries 
average 16000 per sq. in. Then the required amount 

The corresponding sections the two materials, 
foregoing assumption, will cents and $21.96, 73. There 
fore the relative costs the sections each material carry any 
crete column. 

From here on, practical experiences will become useful 
ratio cost, when everything considered. 

Even engineers prejudiced favor steel will perhaps concede 
that for this steel column about 15% will have added 
the carrying shaft for fittings, (and the case latticed columns 
much more than this), which added amount steel will sufficient 
the column—according the accepted theory 
hooping. Further, the steel column protected from rust 
well fire, the forms and the concrete material for such fire-proofing 
will substantially the same each case. 

Without taking time further into details, would appear 
that concrete properly used the form columns would certainly 
have the better the argument, when comparing costs. 

The speed erection sometimes becomes important, and, where 
the reinforcement the concrete column made the form 
independent carrier, construction can proceed approximately rapidly 
all-steel construction. 

The next objection the concrete column naturally the 
increased size. This objection cannot raised consistently except 
normal buildings more than six stories high, and this the lower 
stories only. the buildings eight stories high, the size the 
columns will only abnormally large the two lower stories, ete. 
well-constructed building, six stories high, should have columns 
steel not less than certain outward dimension, order give 
proper rigidity provide against eccentric loading, and such 
steel columns, when fire-proof, will substantially the size the 
solid reinforced concrete column, with equivalent strength and 
rigidity. 

With development along the lines improved reinforcement for 
the concrete, reinforced concrete columns, believed that the 


future the sizes columns can reduced meet all re- 
quirements. 
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connection with reinforced floors, usually taken 
w:th working stress 500 lb. extreme fiber strain. 

With the usual T-section floor construction, average work- 
irg load the entire sectional area for compression can taken 
safely 450 per sq. ft. Estimating the steel beams take this 
load the unit prices set forth above, the comparative costs con- 
and steel would about 49, showing economy 
fevor concrete, other things being the same. But, this item 
floor construction, the concrete floors have installed, even when 
the all-steel used, order coat the steelwork and 
protect against rust well fire. that, reality, the con- 
cost much more than the steel doing the compression work, 
whatever saved putting this concrete work clear gain, 
other things being the same. 

Other things not always remain the same, however, and 
necessary consider the form work for the reinforced concrete con- 
struction and the forms for the fire-proofing, used when steel con- 
struction carries all the floor loads. 

With the steel beams and girders giving the working lines and 
offering ample supports for the wood forms, the modern system 
forms for fire-proofing very materially less than where much stronger 
independent framings and supports must carefully leveled and sup- 
ported for the reception the concrete, reinforced work. 

Where the forms can made the same general manner fire- 
proofing (as some improved systems reinforced concrete), the 
the relative costs forms can dropped, and one may 
proceed compare other items the relative costs and 
steel constructions. Now, assuming that forms are the same, and that 
the used fire-proofing each case, showing gain for 
every bit the concrete the reinforced scheme (which not ob- 
tained the fire-proof scheme), then, not clear that there 
economy the reinforced scheme, because the concrete can 
made cheaper the one construction than the other. The floor 
slabs will have the same loads carry when acting carriers from 
beam beam: the concrete, effective protection the steel 
against deterioration, must rich, that, the ultimate objects 
are accomplished, the concrete should substantially the same 
either case. 

Without making the inquiry more monotonous, would appear 
that, floors, reinforced construction shows economy 
proportion the amount steel able replace. that, where 
economy alone the object, good steel job necessary. light 
constructions (such dwellings and hotels), where but little steel 
necessary, one cannot save much using concrete where the 


steel heavier; and the saving continues increase with the amount 
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the foregoing comparison relative costs column and 
constructions the form work similar whether reinforced concrete 
steel and fire-proofing used. wall and partition con- 
struction the comparison disadvantageous when 
that brick walls and partitions are laid rapidly and without the incon 
veniences forms, and that double forms are necessary for 
Further, very much more difficult place the forms for straigh: 
walls partitions than for either columns floors. The wall form 
are not easily held plumb, straight lines. The removal th: 
forms for walls also much more difficult than for either columns 
floors. The cost common brick and mortar amounts about 
cents per cu. ft., and the cost the materials composing concrete 
just about the same. that the cost laying the brickwork, 
walls the same thickness, must balanced the cost the 
forms and placing the concrete. 

not intended burden the reader with 
difficulties constructing form work for vertical structures; but, 
anyone having much experience, must evident that such diffi 
culties must met. Economy wall work must looked for 
heavy work, where the quantity material placed for any given 
form sufficient pay for it, without materially affecting the 
the concrete. 

When finish looked for the work, rough forms 
may placed for from cents per sq. ft. each side the wall; 
but, for good form work, the cost will run from cents per sq. 
ft. each side. 

Concrete walls will erected. They are improved construction, 
and can handled conveniently connection with other concrete 
work building. The object writing what seems the writer 
the truth about their construction that economy their con- 
struction should looked for along other lines than making double 
forms for the reception the concrete. believed that there will 
soon other means erecting concrete walls and partitions, which 
can more than compete with the rapid and brick 
wall. 


Stocum, Assoc, Am. Soc. (by science 
and use reinforced concrete the United States appears 
its earlier stages, compared with longer and more thorough ac- 
quaintance and varied use Europe. Only recently its wide application 
America has been appreciated the manifold kinds construction 
which are now seen almost everywhere. Generally speaking, 
and practice not seem closely allied America abroad. 
American engineers have not learned, well European engineers, 
that knowledge the constituent materials and thoroughness de- 
tails construction are more important than speed erec- 
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tion. Like everything new, much opposition, the nature in- 
has overcome. its age, reinforced concrete 
fairly well understood, and may said that its newness its 
greatest fault. The change the field design caused the 
knowledge the properties and capabilities the combination 
and steel now and somewhat the nature 
revolution construction. There hardly department particu- 
lar sphere construction which has not been changed it. 
and incongruous constructions wood, steel, and stone, and other 
types construction too highly commercialized, may now, reason- 
able cost, give place permanent structures, which are pleasing the 
eye and are harmonious additions the locality Many 


‘types construction vogue considered good standard practice 


two three years ago are now appropriately known should 
known part the history construction. 

reinforced concrete can accorded the same conscientious treat- 
ment and steel receives, there need hesitation about 
making the change more permanent and structures, which, 
honestly built, will cause concern attention after they are put 
place. The mature design and construction steelwork to-day 
accomplished experts that line, and these are necessary accom- 
paniments its age and maturity. The use reinforced concrete 
needs more rigid inspection construction, for idle apply care- 
fully intricate formulas designs which when constructed suffer for 
want expert superintendence and experienced labor. 

the realm bridge construction, where ample depth available, 
there not much doubt its This still holds true for 
spans with comparatively shallow depth, and with light loads, the 
nature moving concentrations. For crossings with little depth 
structure available, with heavy moving concentrations, its sphere 
usefulness present advisedly confined short spans. However, 
even floor spans, and from ft., under heavy concentra- 
tions, with less than the ordinary depth, can well investigated. Fab- 
ricated units, simple shapes, reinforcement, with little shop- 
work, will afford ample stiffness. Theoretical analysis, however, must 
show that the unit stresses the and steel are well within 
the fatigue limits. Continuous framework interdependent sys- 
tem units, easily put together, reinforcements, but rigid itself 
when complete, would seem afford much stiffness steel beams 
bedded concrete, which are generally carrying all the 
loads independently. true work the homogeneous com- 
bination the concrete and steel the supporting resistance. The 
full use the two materials carry the loads must more economical 
than the use the one which has the concrete merely protection. 
The writer doubts hybrid construction. 
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With old much-used material the internal molecular structure 
and properties which have been changed, are doubt, half the 
usual unit stress allowed for new reinforcement, doubling the usual 
economical percentage reinforcement, would seem safe and 
advisable. The use old material, cumbersome, well dubious 
section, of, say, sq. in. net section, such old rails, inad- 
visable for floor bridges total length greater than the commercial 
rail lengths; because attempts develop such sections tension are 
too expensive, and are somewhat abortive. 

series short, independent, self-supporting arches rein- 
forced concrete, which are very flat, and are practically carried con- 
tinuous columns, the writer has used the cantilever method finding 
the stresses the constituent materials, and has proportioned the 
steel accordingly; other words, has considered the middle third 
each span the end thirds. These arches were 
lated for the heaviest moving concentrations for highways. beam 
and slab bridges, carrying heavy trolley concentrations, where the de- 
sign somewhat hampered for depth, higher percentages steel and 
double may have economical advantage. 

current American practice, more time can allowed good 
advantage for this construction attain mature strength rather than 
use green structure prematurely and perhaps lessen the efficiency 
the bond. Collections materials construction equipment, 
sometimes inadvertently placed new work, give concentrations for 
which the design not and, the work not sufficient 
age, much damage may done, and may not evident until some 
time after. Such consequent weakness may brought out fatigue, 
which, under normal conditions, could not explained. From ob- 
servation, competent, well-paid superintendence and experienced work- 
men the best class give the strongest structure and the one that 
fulfills all the conditions economy. 

compared with the usual heavy masonry arches gravity sec- 
tion, the comparatively light reinforced arches give more and greater 
vibrations under moving loads, principally account much less 
bulk weight structure. Can reinforced concrete work vibrate with 
the same impunity steelwork? The writer thinks can, the 
working stresses are not too high, but are well within the fatigue limits. 
Much interesting and instructive information could obtained 
measuring the number vibrations and their amplitude bridges 
different types under different kinds and speeds rolling loads. 
Under any conditions, crossings shallow floor construction well 
tested for unusual loads, and consequent deflection, any. 

Other properties and characteristics being satisfactory, greater 
proportion finely-ground cement, with graded aggregate will, with 
safety, give reinforced concrete design and construction its bold quality, 
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which distinguishes it. Too little attention paid the compact- Mr. Slocum. 


ness density the mixture. The result few simple and inex- 
pensive experiments the measurement voids, taking compara- 
tively short time perform, will give cheaper and stronger concrete. 


reinforced work, such preliminary investigations are productive 
economy. 
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CHARLES PAINE, PAST-PRESIDENT, AM. SOC. E.* 


1906. 


Charles Paine was born Haverhill, New Hampshire, April 25th, 
1830, and died Tenafly, New Jersey, July 4th, 1906. Almost his 
entire working life, which began when was years old, was spent 
railroad service, and the building his professional position was 
that period when the railroad art was still primitive and when the 
opportunities for education Civil Engineer, the United States, 
were confined almost actual work the office and the field. 

Mr. Paine was descended from Stephen Paine, who came the 
United States from England 1638, and his family remained New 
England for eight generations. belonged fine, substantial 
stock, and some his ancestors were distinguished. 

Mr. Paine’s school education was quite limited. 1839, en- 
tered the College the Order St. Sulpice, Montreal, where 
remained for two years and where acquired that part his school 
education which always seemed him the most valuable, viz., good 
grounding French and Latin and the elements what old- 
fashioned people call “polite education.” spent year 
academy Meriden, New Hampshire, and two years New York 
school which Mr. Charles Coudert was principal. This Mr. 
Coudert was the father the late Charles and Frederic Coudert, 
eminent lawyers New York and Paris. From uncle, William 
Porter, editor and proprietor the New York Spirit the Times, 
young Paine, during these two years, was permitted certain oppor- 
tunities see life and people, and always attached good deal 
value (and not without reason, perhaps) the hours which passed 
the offices that newspaper the company the wits, men about 
town, and famous actors and actresses. says that that brief 
period “drank love fine things conduct, art, litera- 
ture, and manners which has continued joy throughout 
life.” 

the spring 1844, Paine’s uncle, Governor Charles Paine, 
Vermont, took the lad into the counting-room 
factory, where remained until August, 1845. Then entered the 
service the Vermont Central Railroad, the surveys for which had 
just been commenced. this enterprise, Governor Paine was Presi- 
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dent. Here began rodman the corps Charles Brown, one 
the old the period, who enjoyed fine reputation. 
Other young men, afterward distinguished, who were associated with 
Paine this work this time, were the late Felton, Am. 
E., afterward President the Philadelphia, Wilmington and 
Baltimore Railroad and the Pennsylvania Steel Company; Mr. 
Charles Collins, afterward Chief Engineer the Lake Shore and 
Michigan Southern; Mr. Carpenter, afterward United States Senator 
from Wisconsin; and Dr. Edward Williams, afterward General 
Superintendent the Pennsylvania Division the Pennsylvania 
Railroad, and member the firm Burnham, Parry, Williams and 
Company, owners the Baldwin Locomotive Works. Mr. Paine en- 
joyed the close friendship all these men until their lives ended, and 
related that the time the Chicago fire, 1871, Dr. Williams 
and his wife, knowing that the Paines lived Chicago, immediately 
shipped express from Philadelphia complete outfit clothes for 
each member the Paine family, without stopping ask the clothes 
were needed. 

the autumn 1847, the Vermont Central was completed into 
Northfield, and, for very short time, young Paine got chance 
fire locomotive, which always regarded one the most valu- 
able experiences his life. The following winter spent the 
drafting rooms Brown and Hastings, Civil Engineers, Boston, 
and Hinkley and Drury’s Locomotive Works, where made quite 
complete drawings all the parts locomotive. 

1848, Mr. Paine took charge division the Vermont and 
Canada Railroad, under Henry Campbell, Chief Engineer. This 
road was completed 1850. Mr. Paine then went Montreal and 
took charge the contracts Campbell for building rail- 
road from Rouses Point St. Johns, and for building branch line 
from St. Lambert intersect with the line railway between St. 
Johns and Prairie. this time also had charge the build- 
ing docks Moffatt’s Island, opposite Montreal. 

will seen that the young man had considerable responsibili- 
ties before was age, and appears have been way re- 
luctant assume still other responsibilities, for May 13th, 1851, 
less than month after reaching his majority, was married 
Olivia Blodgett Hebard, Chelsea, Vermont. His wife belonged also 
one the most solid New England families. She was woman 
great cultivation mind and strong and beautiful character, 
and they lived together the greatest happiness until Mrs. Paine’s 
death the summer 1897. They had six children, and four sons 
now survive. 

1855, Mr. Paine moved Wisconsin, where became Chief 
Engineer the Beaver Dam and Baraboo Railroad, and the Fox 
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River Valley Railroad, neither which enterprises got beyond the 
stage grading the roadbed, because the great panic 1857. 
August, 1858, Mr. Paine became Superintendent the Western Di- 
vision the Michigan Southern and Northern Indiana Railroad, 
which road was that time five months behind its pay-roll and 
physically pretty nearly wreck. The local nickname for the road 
was the “Miserably Slow and Nearly Insolvent Railroad.” These con- 
ditions, however, were not peculiar that railroad the year 1858. 
Mr. Paine’s connection with this railroad and its lineal successors 
continued for twenty-three years. January, 1864, was made 
Chief Engineer the road, and March 1872, became Gen- 
eral Superintendent the Lake Shore and Michigan Southern Railway. 
While charge this road made such improvements and econo- 
mies that 1876 had demonstrated his ability carry freight for 
mills per ton-mile, and from this, the time, small sum, pay all 
the costs except for improvements, dividends, and interest the 
bonded debt. 

remained Superintendent the Lake Shore and Michigan 
Southern until was appointed General Manager the New York, 
West Shore and Buffalo, August, 1881. organized and 
through the building this road, and upon its found 
himself with health impaired and with the savings his lifetime 
gone, for himself had invested the securities the enterprise 
which believed enthusiastically. 

order get himself condition rebuild his fortunes, 
adopted the novel and bold scheme traveling Europe for year 
borrowed money. The remedy was characteristic and highly suc- 
cessful, and until the day his death never suffered another illness. 

served for short time the General Superintendent the 
New York, Pennsylvania and Ohio Railroad, and for few months 
Second Vice-President the Erie, and then went Pittsburg 
help Mr. Westinghouse developing the natural gas industry 
through the Philadelphia Company. There remained until Decem- 
ber, 1890, having had active executive charge the company. 

returned New York the end 1890, and opened office 
Consulting Engineer, which office maintained until 1899; part 
which time, however, was General Manager the Union Steam- 
boat Line, subsidiary Erie company, and occupied important 
and confidential position the administrative organization the Erie. 

From 1899 until year before his death, Mr. Paine was General 
Manager the Panama Railroad Company, and for time was 
also Vice-President and Director that Company. This service 
ended with the purchase the Panama Railroad the United States 


Government and the transfer its management the existing Canal 
Commission. 
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Mr. Paine was elected Member the American Society 
Civil Engineers its reorganization December, 1867, and was the 
second man join the Society: numbering the list members 
stood for the first year. contributed the Transactions 
Paper XX: “History the Iron Rails the Michigan Southern and 
Northern Indiana Railway,” and was President the Society during 

the time his death, Mr. Paine was Member the Century 
Club, New York, Honorary Member the Western Society 
Engineers, and the Engineers’ Club Cleveland, and number 
other scientific and philosophical bodies. 

Mr. Paine’s personality was extraordinary, and meant much 
those among whom lived, that special mention should made 
it. His manner was commanding, but singularly gracious. had 
dignified and impressive presence. was generous and en- 
thusiastic temperament. had broad sympathy, wide reading, and 
discriminating taste literature and art; but, beyond this, there 
much more said. every generation there are few men 
who impress their fellow men beauty and nobility character, 
quite apart from those qualities which may think purely 
intellectual. They have distinction which wealth power achieve- 
ment cannot bestow. the deepest recesses our minds recognize 
these men being the real nobility—the flower humanity. Mr. 
Paine belonged the small group men distinguished character. 
had intellectual superiority, and was man honorable achieve- 
ment; but we, who knew him well, think him first and respect him 
most for the subtle qualities gentle manliness. His temper was 
naturally quick, and had great personal dignity; but his courtesy 
was unfailing and his modesty was sincere. was chivalric 
thought and conduct. Honor, truth, and duty were the roots his 
nature—inherited, bred the bone. These were his shining charac- 
teristics, virtue which his life was lived high and serene 


atmosphere, and that atmosphere dwelt with him wife, his equal 
every way. 
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ERECTION THE BELLOWS FALLS 
ARCH BRIDGE. 


The highway bridge across the Connecticut River Bellows Falls, 
Vt., interesting because, the United States, stands alone 
example through arch with suspended floor, and also because, 
only surpassed span the two deck arches 
Niagara. 

The residents North Walpole, H., depend largely the 
factories Bellows Falls, Vt., for their employment, and the stores 
for their trading. reach the town, they were compelled use the 
old wooden toll bridge the south end, venture the Sullivan 
County (Boston and Maine) Railroad bridge, patronize rather 
rowboat ferry. For years they had urged more con- 
venient and this was naturally backed the merchants 
and business men the Vermont side. The depth the river this 
point, about ft., strong objections piers above the mouth the 
owing the vested the Canal Company, and the free- 
ing the old toll bridge before another could become available, were 


factors contributing the delay the project, which resolved itself, 
largely, into matter cost. 
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Early the spring 1904, the agitation was again revived, and 
interested citizens brought forward new and old schemes. One that 
met with considerable favor was locate pier the rock shallow 
water just above the angle the dam, shown the map, Fig. 
This permitted the use two spans, but made necessary that these 
spans should angle with each other order reach con- 
venient landing places the shores. 
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March, the two towns, their annual meeting, voted appropria- 
tions cover the cost freeing the old toll bridge and building new 
free bridge, and appointed joint receive bids and enter 
into for the work. The committee secured some preliminary 
estimates the various schemes, but, owing the probability that 
the new bridge might used the future for cars, did not 
favor the plan for two spans angle, but preferred single span. 


SAE = Sy 
} \ = Ka» 
ANN 
i 4 


204 ERECTION ARCH BRIDGE 


the preliminary estimates for single-span bridge were unsatis- 
factory, some members the committee visited Boston and appealed 
the President the Boston and Maine Railroad, who was inter- 
ested the extent freeing the railroad bridge from unauthorized 
foot passengers, and who responded offering the services 
Snow, Am. Soc. E., advisory capacity. Mr. Snow was 
naturally familiar with the general surroundings, but did not feel 
that conditions warranted the preparation elaborate design; 
therefore, drew general specifications, and called for bids, re- 
questing each bidder submit his own plans. Among the designs 
submitted were several for truss and suspension bridges, but all the 
prices were greater than the appropriation, and the bids were rejected. 
Mr. Snow was satisfied that bridge could built within the specified 
sum, and recommended the employment Worcester, Am. 
Soe. E., which suggestion the committee accepted. Mr. Worcester 
concluded adopt entirely different type bridge, and decided 
that three-hinged, riveted arch with suspended floor would the 
most artistic and suitable structure for the location. drew plans 
and specifications, and, his recommendation, separate bids were 
asked for the masonry and structural steel. The results the com- 
petition were satisfactory, several bids were received which were 
within the appropriation. the recommendation Mr. Snow, the 
contract for the masonry was awarded Joseph Ross and Sons, 
Boston, and the superstructure Lewis Shoemaker and Company, 
Philadelphia and New York. 

Design.—As will seen the general plan and stress sheet, Plate 
the bridge about 650 ft. long, and consists single, three- 
hinged, arch span, 540 ft. from center center end pins, with 
short truss span the west end, 104 ft. in. from center center 
bearings. This short span was necessary, order carry the 
street over the Rutland Railroad. will noted that the roadway 
grade 3.33%, running downward from the short span the 
abutment the east end. The height the main arch ft. be- 
tween the hinge centers. The truss chords follow the lines two 
parabolas ft. apart. order secure simplicity detail, the 
trusses not diverge the bottom, but stand parallel vertical 
planes, ft. from center center. This provides for roadway, 
ft. clear, and one sidewalk, ft. wide, shown the cross-section. 
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the east end the arch abutment has been provided, and the 
west end two piers take the thrust the main arches, and support the 
vertical posts which carry the end small truss bridge. 

The floor designed for either live load 100 lb. per sq. ft. 
12-ton wagon load two axles, ft. from center center. 
addition, provision made the hangers and floor beams for single- 
track line 18-ton electric cars, run the opposite side the 
bridge from the walk. The connections for track stringers have been 
provided the floor beams, and, should thought advisable 
the future carry the trolley line over the New Hampshire side, 
can done very small expense. 

The main trusses are designed for live load lb. and for 
wind load lb. per sq. ft. The floor suspended from the arches 
two hanger bars, in. square each panel point. These are con- 
nected, with 2-in. pins, the truss the top and the floor beams 
the bottom. The hangers can only take the vertical load, and there- 
fore wind chords have been provided the planes the trusses 
the level the roadway. These chords, with the floor laterals, form 
horizontal truss which carries the wind stresses the abutments. 
prevent complication the arch stresses, this lateral system not 
attached the arches ‘rigidly, but has expansion joints each end 
transmitting shear only. 

The unit stresses adopted were: 

For tension: 


000 

Wrought-iron loop rods............ 
For compression: 

Main arch 000 

000 

For pins and rivets: 

Bending extreme fiber pins... 22000 


Allowable bearing stress for concrete, 400 per sq. in. 
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The steel was furnished accordance with the specifications 
the American Railway Engineering and Maintenance Way Asso- 
ciation, with ultimate tensile strength 60000 lb. per sq. in. The 
flooring timber long-leaf Georgia yellow pine prime quality. 

One the unique features the design the arrangement which 
Mr. Worcester has adopted for the middle the arch. will 
noticed that, instead converging the chords the center panels, 
order take the stress the center hinge, has taken the hori- 
zontal thrust short strut, composed two 15-in. channels, and 
has then divided this thrust into four parts the intersection the 
diagonals the panels next the center. this way has secured 
the architectural features two-hinged arch with continuous chords, 
adding considerably the appearance the bridge. will also 
noticed that has dispensed with the pin the center, the struts 
merely bearing against one another with faced ends. 

order avoid the optical illusion sag the suspended floor, 
this was cambered in. the center the arch. was felt that 
this camber would take care any slight deflection due live load, 
and the design and details the arch were developed theoretical 
lines, with provision the arch for either live- dead-load camber. 

Erection Design.—In securing data for the preliminary design for 
the estimate the cost erection, the idea building towers some 
distance apart and erecting the trusses the cantilever method, sug- 
gested itself the writer, the main question being determine the 
spacing these towers. was not considered advisable 
any riveting until the arch was swung, was necessary plan 
bolt all connections temporarily. The strength these bolted con- 
nections, therefore, was factor the length the cantilever. An- 
other consideration was the distance that material could hauled 
satisfactorily with standard 60-ft. steel boom. The writer made 
design, and decided that span six panels, about ft., would 
give the best results. The sizes and details were then developed 
the drawing room, under the direction the chief engineer. 

account the narrow width the structure comparison 
with its height, the center falsework towers were battered the plane 
right angles the bridge, thus enabling them withstand better 
the shock winter storms floating ice. The general elevation 
the falsework towers shown Plate XXX, which indicates the 
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number and spacing the pile supports. The details the center 
bents, and are shown Fig. which gives the size the 
main posts and bracing, and indicates the splices and number bolts. 


DETAIL 
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Bent F, has outside post only, 


and no bracing. 
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unload the material the Vermont side the bridge and carry 


those pieces required for the east side standard-gauge service 


track running between the towers, along the center line the bridge. 


10-ton stiff-leg derrick was placed the west shore, unload ma- 
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masonry plans provided for piles driven 
the foundations for the arch, and, the masonry contractor was well 
equipped the work, the contract for furnishing and driving the 
piles for the falsework was sublet him. The water has average 
depth about ft., and the bottom hard gravel. Spruce piles 
were specified, order that they might sold the pulp mills after 
the work was completed. They were driven from ft. into the 
bottom, and were cut off and capped about ft. above the low-water 
line. The falsework towers were completed November, and the shoes 
were set December 6th, 1904. 

Two gangs were started, one from each end the arch, and the 
rivalry between them helped not little the rapid erection the 
work. The severe weather the winter 1904-05 will doubt 
remembered, but, even that latitude, there were breaks the cold, 
and two separate days considerable rain fell. The fear that the 
ice might out, which would mean taking out the falsework and 
everything with it, was constant incentive hasten the erection 
every way possible. had not been the intention any work 
the ice, but after had frozen the thickness about ft., was 
found very convenient when assembling the chords, which were 
handled two sections four panels each. The ice also acted 
hindrance, for when the canal gates were closed, Sundays and 
holidays, the river rose about in., and was necessary keep the 
ice chopped free from the piles. 

When the ice first began form about the falsework, the structure 
showed move down stream. This was carefully noted, 
account being taken placing the steel. When the arch was 
swung, some the bents were found have moved down stream about 
the load was put the falsework, some the bents sank 
slightly, but this settlement was adjusted with wedges under the block- 
ing each point support. 

The two end panels the lower chord and the end panel the 
upper chord were shipped riveted together. These members, each 
weighing about tons, constituted the heaviest pieces handled. 

beginning the erection, the shoes and end panels the west 
end were set with the stiff-leg derrick used for handling material from 
the siding the material trucks. the east end gin pole was placed 
set the shoes and end panels. Provision had been made the plans 
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for clearance in. behind the steel shoes. soon the shoes 
and the first panels had been set and lined up, this space was filled with 
concrete. 

Two standard steel booms, and Plate XXX, tons 
capacity, were erected Bents and with these the steelwork was 
erected rest top the falsework these bents. Booms 
and were then erected Bents and, with the assistance the 
first two booms, the structure was laid across the towers. Booms 
and were then taken down and re-erected Bents thus giving 
two booms handle the material over the 80-ft. space between Bents 
and The arrangement the booms this last position 
shown clearly the progress photograph, Fig. Plate XIX. The 
lower chords for two sections four panels were assembled the ice, 
with the first diagonal Bent attached them. Then, while 
Booms and held the material, Booms and were used 
fill the web members and put the top chord. The last section 
bottom chord from the cantilevered end Bent was placed 
Booms and which filled the web members and the top chord. 
While this was being done, Booms and were taken down from 
their first position and re-erected Bents F,. The steelwork was 
across the towers, and the erection the 80-ft. space be- 
tween them was taken care these two booms. The photograph, 
Fig. Plate XIX, was taken with the camera pointed almost directly 
the work, and shows the connection the lower chords the 
arch members the center. 

overcome the natural tendency the chords lengthen during 
erection, and adjust any slight errors the measurement between 
the end-pin centers, the details the center were arranged allow 
slight leeway the meeting points. The chords and the vertical posts 
the center were set back in. each half from the center line, 
making total clearance between them The center strut pro- 
jected little beyond the vertical posts, but was set back in. from 
the center line each half, making total clearance in. between 
the bearing points. With the intention being able take the 
theoretical opening in. and for any adjustment that might 
necessary make, in. fillers were provided. When the trusses 
reached the tower, was found that the erector had failed make 
sufficient provision for the settling the falsework Bents and 
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The result was that the arch was low, and measurements showed that 
the steelwork would overlap the center. The trusses were raised 
their proper height wedges the tops all the towers. When the 
steelwork was joined the center, was found that had slightly 
over-run the distance. Instead in. fillers, theoreti- 
cally needed, thickness only in. was required. 

soon the work was connected was thoroughly bolted. 
The web members were fastened with bolts 75% the holes, and 
the chords with bolts 50% the holes. When this was done, the 
wedges were knocked out and the arch ribs were swung off. the 
only load the arch ribs had support was that the steel the 
trusses, the deflection the time swinging off was comparatively 
small. The erection superintendent reported that the settlement 
the crown was about in. 

The trusses were connected and swung off January 10th, 1905, 
making total days from the time setting the shoes until the 
arches were swung off. From this time should deducted one holi- 
day, three Sundays, and three days cold wet weather, which gave 
actual working period days. During good portion this 
time the thermometer was about zero, which made difficult for 
the men work actively. 

The falsework was taken down the day after the arches were swung 
off, and the erection gang started from both sides put the hanger 
rods and place the steelwork the floor system. The wood floor was 
not put this time, that local deformation the arch ribs 
was noticed. While the steel floor system was being placed, other gangs 
adjusted the bracing and lined the arches. had been the inten- 
tion the field riveting with pneumatic riveters, but day before 
the riveting was begin, the tool-house was destroyed fire, and the 
compressor was injured that could not used for this work. 
Eight gangs, four men each, drove the field rivets hand. soon 
the weather would allow, the field painting was completed and the 
wood floor laid. The finished bridge shown Figs. and Plate 

Thirty-six men were employed when the erection the steelwork 
began, and the number was increased afterward forty-five. The 
weight the structural steel was 450 tons for the main arch span, 
and ft., M., lumber were used the floor. The contract 
price for the masonry was $6000, and for the superstructure $41 000. 
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Credit for the work should given Mr. Fichthorn, Chief 
Engineer for Lewis Shoemaker and Company, and Mr. 
Westbrook, Field Superintendent. The writer also wishes ex- 
press his thanks Messrs. Snow and Worcester for the 
information furnished for the preparation this paper. 
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RECENT DEVELOPMENTS PNEUMATIC 
FOUNDATIONS FOR BUILDINGS. 


The purpose this paper review briefly the recent and very 
interesting development foundations the class generally used for 
the high buildings being erected the lower section New York City. 
The earth there overlies stratum rock, the depth which varies 
from 100 ft., and the enormous loads are carried most securely 
concrete piers built with pneumatic caissons, and resting directly 
the substratum rock. 

Prior State the Art.—Prior the present improvements, the 
conventional type construction was illustrated Figs. and 
The working chamber was built with sides and roof heavy timber 
sheet steel with stiffeners suitable intervals. The coffer-dam 
was built successive sections (also timber stiffened steel), 
the horizontal joints being made angles the inside, and the walls 
being braced transverse struts, where the shape and size demanded 
it. The shaft was steel tubing fastened the roof and the sev- 
eral horizontal joints outside angles. 
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the structure was sunk, bring the upper edge each section 
the coffer-dam near the ground level, new section coffer-dam 
and new section shafting were added, and the space between the 
coffer-dam and the shafting was filled with concrete. When bed-rock 
was reached, the working chamber and the shaft were also filled with 
concrete. The finished pier consisted two entirely separate bodies 
inverted T-shaped portion bounded the shafting 
and the roof and walls the working chamber, and ring-shaped por- 
tion surrounding the shaft and enclosed within the coffer-dam. 

The surrounding shell, consisting the coffer-dam and the sides 
the working chamber, whether timber steel, could only 
considered mould for the concrete and lining for holding 
back the earth during the sinking the caisson. could not cal- 
culated supporting any weight, but, the contrary, was certain 
rot corrode time, and leave more less free space around the 
pier. The shafting, and especially the roof, where the latter was 
metal and was left place, presented very serious possibilities. Their 
protection from corrosion depended the care with which the con- 
crete was rammed into contact with them. either corroded sub- 
stantial extent, would produce very large surface weakness. 
The permanence these important elements the structure, there- 
fore, depended the care workmen, who are not relied for 
more care than necessary the moment. Furthermore, the angles 
the several horizontal joints formed grooves the concrete from 
in. deep. Only under unusually favorable conditions could the 
shafting angles calculated act supporting share the load 
the ratio their horizontal area that the complete cross- 
section the pier; but the angles the joints the coffer-dam 
would not transmit any substantial pressure the concrete below 
them, because the concrete would never rammed under them 
ciently. The only transmission pressure would the decaying 
corroding walls, and the angles themselves would corrode time. 
The greatest area upon which the bearing strain could calculated 
correctly, therefore, was that within the inner edge the angle-irons 
(X, Fig. 2), rather than that within the inner face the coffer-dam 
(Y, Fig. 2). matter fact, the latter standard was generally 
used, but the error was swallowed the large factor safety made 
necessary the uncertainties the problem. 
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Furthermore, the useless, and some extent harmful, materials 
left the ground, were very expensive parts the structure. 

There were thus two powerful incentives for the elimination 
these materials from the finished structure, either sinking the pier 
without them, withdrawing them after use. Nevertheless, there 
was period many years during which little nothing was accom- 
plished. 

The recent activity high building construction New York 
City, however, making necessary very extensive use caissons 
this type, has witnessed the substantial elimination every material 
but conerete. The sinking the coffer-dam and metal timber 
for the working chamber, has been rendered unnecessary, and the 
steel shafting has been designed permit its ready removal after 
has served its purpose the sinking the caisson. These improve- 
ments have been put into practice the foundations the building 
for the United States Express Company, the corner Rector Street 
and Trinity Place; the New Trinity Building; the building for the 
United States Realty Company, Broadway and Thames Street, and 
the Singer Building, Broadway near Liberty Street. 

Elimination the most serious objection caissons 
the style described has been the existence the roof, constituting 
dividing plane across almost the entire cross-section. The objection 
such dividing plane was appreciated from the earliest use 
caissons. The late Theophilus Sickles, Am. Soe. 
E., 1870, and John O’Rourke, Am. E., 1898, pro- 
posed the removal the roof after the sinking the caisson and be- 
fore the introduction the concrete above the working chamber. 

The Sickles caisson shown Figs. and The roof consisted 
four segmental plates bolted the under side internal flanges 
the casing and attached each other bolts passing through 
radial flanges the under side. After sinking the required depth, 
and sealing the cutting edge with sufficient filling concrete pre- 
vent the entrance water, the air was cut off and the roof removed 
withdrawing the bolts passing through the several flanges. The 
the type shown had high roof and separate air-shaft 
supported upon the roof, the modern type, the coffer-dam outer 
shell being made air-tight throughout its height. For caisson this 
type, the design the roof was probably entirely satisfactory. 
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The O’Rourke Figs. and utilized similar roof 
half-round sections, but the roof was bolted the top the inward 
flange the and the flanges connecting the segments each 
other were the top. This would permit the filling the working 
chamber with concrete clear the roof before removing the latter. 
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The chief defect these methods, however, appears cases where, 
order get the requisite weight, the concrete filled into the space 
above the roof during the sinking operation, usual sinking 
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through earth for building foundations. such operations has 
been impossible eliminate the roof the working chamber until 
the introduction recent improvement which, the same stroke, 
eliminated the coffer-dam which had previously passed for necessary 
evil sinking caissons earth. The feasibility the improvement 
was first demonstrated sinking all the caissons for the building for 
the United States Express Company this method, and sub- 
stantial reduction cost. 

Elimination the Coffer-dam.—There had been previously sug- 
gested, 1904, the elimination the coffer-dam and roof sinking 
practically solid pier concrete, with only central air-shaft and 
working chamber hollowed out the bottom. Fig. gives 
cient idea the construction proposed. There was distinction be- 
tween different parts the structure, except far the lower 
portion the concrete might considered the roof and side walls 
the working chamber, and the concrete above this might con- 
sidered the coffer-dam extending solidly from the surrounding 
earth the shaft. was proposed build the whole 
blocks laid one above another, form substantially 
monolith building the structure situ fast was sunk. 
The difficulties the way moulding the concrete working chamber 
with suitably strong roof and sides and hardening sufficiently the 
short time available the works then hand prevented the utiliza- 
tion this design, and, instead, the contractors adopted the design 
shown Figs. and 10. 

The working chamber was built heavy timber, and across the 
tcp were laid angle-irons, few inches below which was fastened 
temporary flooring. The steel shafting was supported this flooring, 
and roof concrete was moulded thereon substantial height, 
and the same outside dimensions the working chamber. The 
earth being excavated, and the chamber sunk sufficient depth, 
another section concrete was added. The shafting was built 
from time time maintain above the concrete. After the first 
section concrete was finished, the successive sections were moulded 
place without interruption the sinking operations; the excava- 
tion and the building proceeding course the same ultimate 
rate, but quite independently each other, and the coffer-dam, reduced 
merely mould for the concrete, being removed before the sinking 
each concrete section. 
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previous design, had been proposed divide each section 
the coffer-dam into flat units which might readily transported 
and only united each other when place the next lower section, 
this method having the further advantage avoiding the necessity 
breaking the air-pipes (see Fig. 1), which had been cause delay 
with the use sections which were completed before being put 
place; and such flat units were now found excellent moulding 
plates, only four being needed for each section concrete, and ex- 
cessive lengths being unobjectionable, because one might overlap the 
next the corner. 

The temporary flooring carried the concrete roof until the latter 
was hardened, and was removed before putting the air pressure and 
the necessary lock. The angle cross-bars remained embedded the 
concrete, transmitting its weight the timber walls, although they 
were not necessary for the purpose after the concrete had hardened; 
and, fact, after reaching comparatively slight depth, the weight 
the concrete was sustained the skin friction and the air pres- 
sure, and added weights were necessary force the caisson down. 
The cross-bars might have been designed and connected per- 
mit their removal after the hardening the concrete, such removal 
had been thought importance. 

Only one accident occurred, and this demonstrated the advisability 
using timber rather than concrete for the walls the working 
chamber. The earth under one wall the working chamber had been 
excavated previously remove the footing old wall. When the 
first section concrete had been moulded this working chamber and 
the mould had been removed preparatory sinking the concrete sec- 
tion, the old material replaced the excavation allowed one side 
settle tilt the structure, and, before could righted, fell 
over. The concrete was tied the working chamber only the cross- 
ing angles embedded the base the concrete, and swung bodily 
about the upper edge side wall the working chamber, thus for 
time putting its entire weight this single wall. But the chamber 
was built strongly that was substantially uninjured, and the 
workmen the time were unscathed. The accident, while in- 
dicating the necessity for greater precaution building and sinking 
the first concrete section, demonstrated the practical excellence the 
design. 
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When such caisson was sunk its final depth, there was metal 
timber roof removed. The cost making first sectional 
belted roof, like that Sickles O’Rourke, and subsequently remov- 
ing it, was saved; and, which probably more important, the intro- 
duction above the working chamber did not have await 
the sinking the caisson. Its weight could utilized the sink- 
ing the structure, and this weight, caissons passing for great 
depth through earth, very substantial consideration. consti- 
tuted probably the greatest the series advance steps under dis- 
cussion. 

Elimination Shaft finished pier besides 
the body, the cross-bars, which are negligible consideration, 
being entirely embedded prevent corrosion, and being such 
slight cross-section not form cleavage planes the concrete; 
and the steel shaft lining, which, the very best, added not pound 
the load for which the pier might safely designed, and, the 
worst, might prove element weakness, and was certainly ele- 
ment substantial expense. 

The progress improvement eliminating the shaft lining was 
the reverse that eliminating the roof. the latter case, the 
idea was first advanced making the roof removable after the caisson 
had been sunk; and the solution the problem lay avoid- 
ing the building true roof. the case the shaft lining, the first 
proposals endeavored avoid its use entirely, but practical success 
came only with the idea sinking the caisson with shaft lining 
similar those previously used, and removing the lining after sink- 
ing and before introducing the filling concrete. 

The first idea shown Fig. shaft lining moulded 
shown. avoid excessive loss leakage air through the 
concrete, was proposed coat the inner surface the shaft lining 
with air-tight material, such paint containing lime. The difficulty 
connecting the shaft lining the air-lock with sufficient strength 
resist the upward air pressure the latter was obviated long 
tie-rods extending from the lock the lowest section the shaft 
lining, indicated dotted lines. was also proposed this de- 
sign eliminate the lining entirely, merely coring the body 
and coating the surface with paint, above, the manner fastening 
the air-lock not being specified. 
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The first successful attempt eliminate the shaft lining, however, 
involved the use removable lining, which, while costing more than 
those common design, usable again and again indefinitely, and, 
the long run, effects great economy. The design used sinking 
the caissons the new Trinity addition, and the adjoining building 
the United States Realty Company, shown Figs. 12, 14, 
and 15. was found that comparatively small number sections 
served for the sinking many piers. There was material loss 
time involved removing the sections and reassembling them for fur- 
ther use. fact, the job was completed much less than the previous 
record time for such work. 

Figs. and show the shaft lining place; Figs. and 
show the construction one the collapsible sections. Each section 
was composed two approximately plates internally 
flanged for bolting each other along one vertical edge, and key 
interposed between the opposite edges the plates. Internal flanges 
the ends served for bolting sections each other. Ladder 
rungs were arranged conveniently between the flanges the key, and 


vertical guides were arranged just inside the line the end flanges 
guide the bucket past them. some the tubing was made oblong 
cross-section instead Packing was provided all the 
joints, and this was the only part the structure requiring renewal, 


being cheaper provide new packing for each re-use than try 
save the old. 


Fig. shows the finished pier, supposing the working chamber 
built sheet steel. The dotted line indicates the joint between 
the set sinking the pier and the filling introduced after- 
ward. 

Comparison with Concrete side with the progress 
eaisson work, recent years have seen rapid improvement the 
sinking building concrete piles the earth. The first attempts 
substitute for timber steel piles contemplated the 
manufacture the concrete piles above ground and the sinking 
them one another thé methods used for timber steel piles. 
But, present, there are the market several styles concrete piles 
made first forming the excavation and subsequently filling the 
These methods permit the formation piles great depth 
and theoretically unlimited diameter. Starting from widely-sepa- 
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rated points, the two arts, caisson work and pile work, have constantly 
converged toward the same goal, simple concrete column, bearing 
upon rock similar sub-foundation the case caissons and some 
piles, and supported skin friction the case other piles. 

The analogy has been carried even further more recent improve- 
ments which vertical reinforcing rods steel, similar those 
sometimes used concrete piles, are embedded the concrete the 
pier. The base such pier shown vertical section Fig. 17, 
and Fig. shows concrete pile similarly reinforeed. The reinforcing 
reds the pier should extend down the rock sub-foundation, and 
are most easily introduced that method construction which the 
the working chamber omitted, turn-buckles being introduced 
for putting the rods under stress before embedding them 
The non-adjustable flange joints may used for the rods which run 
through the shaft, and substantially the entire length which may 
bear freely the sub-foundation before the concrete filled about 
them. 

Most Recent steel rods the foregoing de- 
signs merely reinforce the concrete. Should the concrete fail, 
designed built shift substantial portion the load the 
rods, the latter would unable stand the strain. recent design 
the introduction columns sufficient strength carry 
substantial load. fact, they may proportioned all 
the greater part the load. Fig. shows the caisson sunk rock, 
and the columns place, ready filled with The columns 
are ordinary style, built Z-bars riveted central plate. One 
column embedded the concrete from the beginning, and wedged 
its lower end. This column may duplicated often de- 
sired. Another passes down through the shaft, and properly sup- 
ported before its embedment. The shaft lining may may not 
withdrawn, desired. 

Since possible carry concrete piles many cases rock 
sub-foundation, where they act true columns, the idea has been con- 
ceived substituting steel, with its immensely greater strength 
column, and surrounding with concrete, which stiffens the column 
some extent, but which performs the principal function protect- 
ing the steel from corrosion. The finished pile column indicated 
Figs. and 21. The column hollow, which serves carry 
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water-jet for sinking the column itself, and has surrounding shell, 
which afterward filled with concrete around and within the center 
the column. The shell may withdrawn the concrete intro- 
duced. The column may shod its lower end secure 
good bearing ramming down the rock. 

Invention largely accidental, and its progress apt most 
erratic. The writer has never observed series improvements pro- 
gressing more logically and consistently the same direction than 
those here considered. The engineering profession owes Daniel 
Moran, Am. Soe. E., and John Doty, Assoc. Am. 
E., who conceived these improvements, and the Foundation Com- 
pany, whom they were put into practice, very large debt for the 
originality and progressive spirit with which they have met the de- 
mands modern builders for economical methods providing founda- 
tions maximum bearing strength. 
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This paper gives general description the construction the 
River Bridge, built for the Bangor and Aroostook Rail- 
road, and also the results attained with the different classes con- 
crete used. 

The Bridge was built during 1907, and part the 
Cut-off,” extension the Northern Maine Seaport Rail- 
road, branch the Bangor and Aroostook Railroad. This extension 
begins the present terminus the Northern Maine Seaport Rail- 
road, and runs northward about miles until again strikes the 
main line the Bangor and Aroostook Railroad. shortens the 
distance between the two points the main line 4.3 miles, reduces 
the curvature considerably, and gives much easier grades. 

The “Cut-off” crosses the Piscataquis River the Town Med- 
ford, and the line very high horse-back—a formation peculiar 
that section the country—which was considerable value the 
construction the railroad. The line follows the horse-back gen- 
eral direction for about miles, and for miles skirts along its side; 


ean even said that the entire road was made from it, for, the 
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uortherly half the line passes through low land, material from the 
horse-back was used for filling, well ballasting. The material 
varies from sand coarse gravel, and, few instances, clay. 
the river the best kind gravel was found, and the hills either 
side afforded excellent sand and stone for concrete. 

The grade the railroad 55.5 ft. above the average water level, 
with about ft. water the river. 

bridge the deck type was adopted, with four river piers and 
two shore abutments reinforced concrete. The line crosses 
bend the river, the piers being placed angle degrees. 
The total length the bridge 607 ft. in. About tons steel 
were used for reinforcement, mostly the two abutments, there be- 
ing but little placed the tops each the piers. 

The work was handled with Lidgerwood cableway, 800 ft. long, 
placed the center line the bridge. This cableway was used 
making all the excavation, conveying and placing concrete, moving 
machinery, and, later, erecting the temporary trestle bridge. The 
clearly demonstrated its suitability this case, and, for 
rapid and profitable work, would hard find anything better. 
landing the north abutment, was necessary about ft. 
into the side 40-ft. bank and remove about 3000 cu. yd. With 
the cableway, all this material was saved and used directly for con- 
crete and for banking coffer-dams, whereas, almost any other method, 
would have been necessary rehandle several times. 

The concrete was all machine-mixed, and dumped into buckets 
which were run out under the cableway and any part the 
bridge. The greatest number buckets used one day was 182, for 
hours’ work. Each bucket held cu. yd. 

Crib coffer-dams, 8-in. timber, 8-ft. sections, were made 
the river bank. Alternate sections were floored about four tiers from 
the bottom. These cribs were then set place, and the floored sections 
were loaded with rock. The outside was covered with 2-in. planks 
into the river bottom far possible hand-mauls. The 
cribs were then banked with earth above the water level. These 
coffer-dams gave excellent satisfaction, and only one instance was 
there any trouble from leakage, and that was quickly remedied 
generous use straw and gravel. The pumping was done five 
centrifugal pumps having combined discharge in., and they 
were able all times take care the water. 
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The river bottom very rocky and gravelly, and almost hard 
and compact cemented. This feature could not have been im- 
proved upon for the foundation. were carried down 
average depth about ft. below this bottom, and all footings 
rested hard gravel through which test-bars could not driven more 
than ft. The piers were liberally rip-rapped with the rock which 
had been used load the coffer-dams, and other larger rock. 

Two mixtures were used, namely: 1:2:4 for under 
water, and for above water. Suitable gravel was found mixed 
with sand about the right proportions and was used without screen- 
ing. Daily tests the aggregates were made, volumes, that 
was known that the proper ratios were being maintained. The sand 
the gravel was very clean and sharp, and free from loam and clay. 
The treatment the aggregates was follows: specification 
called for measurement volume, bbl. cement, bbl. sand, and 
bbl. stone, Test boxes, holding half batch gravel, were 
filled with the aggregates, placed upon the mixing platform, the 
contents were screened, and the sand and rock measured separately. 
not the right proportions more sand more rock was added, 
the case required. making daily tests, and inspecting closely the 
materials used, the proper proportions were maintained. 

Table shows the results obtained, and interesting compare 
them with the results from mixtures made under ideal conditions, 
those obtained where the ingredients were screened and graded more 
The ratios were determined weight well volume. 

making the Table for the number cubic 
feet concrete per barrel cement, the quantities used the putty 
coats were not considered, few barrels were used that they would 
not have much effect the results. The mixture took 1.36 
bbl., and the mixture, 1.21 bbl. cement per cubic yard 
perfect mixture the class would require 1.46 
bbl. per cu. yd., and the class, 1.11 bbl. per cu. yd., which, 
compared with the results obtained, shows that the mixture 
fell short bbl. per cu. yd., and the mixture over-ran 
bbl. per cu. yd. This would indicate that the cement used the entire 
bridge was 83.88 more than called for theoretically. 

The fact that the mixture short cement and that the 
mixture has surplus, may accounted for two different 
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ways: First, the aggregates were not graded properly, that the voids 
were not completely filled; second, the quantities the aggregates 
used for the different mixtures were not always exactly the same. The 
material was loaded into the mixer wheel-barrows, the necessary 
quantity for wheel-barrow for each mixture was determined, and 
they were all supposed loaded the same; this, however, there 
was bound some variation. 

For bbl. cement, bags (all the cement being bags) 
wheel-barrows the aggregate were used the mixture, and 
wheel-barrows the aggregate the 1:2:4 mixture. check 
was had the quantities used the space occupied the completed 
batch the bucket, after being dumped from the mixer, 
buckets each held cu. yd., was found test samples just how full 
they should for the two different mixtures. Then, again, the ag- 
gregates not being uniformly graded Nature would have tendency 
throw the resultant, cubic feet per barrel, under above the 
theoretical results obtained from perfect mixtures. seems, however, 
that where suitable ingredients can found their natural state, 
free from loam and clay—although small percentage either will 
not decrease the strength the good work less 
cost per yard can obtained where the sand from the 
gravel and they are again mixed artificially; for, when the ingredients 
into the mixer their natural state, the machine has less 
work mixing the cement with them, than when the sand, rock, and 
cement separately, for the mixer has not only mix the cement 
in, but the sand and rock well. Thus, with mixer running for 
the same time, under the two different conditions, would seem that 
better mixture could made from the natural ingredients. There 
were instances during the progress the work when the resultant 
mixtures agreed exactly with the required quantity cement per barrel. 
This would indicate that such cases the voids were completely filled, 
the sand filling the interstices the rock and the cement those 
the sand. 

The piers were designed with round noses, having slight batter. 
point well above high water, the front ends, circular break- 
water was made, having batter and extending down with- 
ft. the footing course. The forms for these noses were made 
2-in. plank, about in. wide, sections being built 8-ft. lengths 
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the concrete advanced. With plank this width, the circular 
form could made very readily, and with very smooth surfaces. 

The concrete was mixed wet, tamping being required, other than 
the shoveling over received after being dumped from the bucket. 
Care was taken, however, that the sides the forms were well worked 
around with shovels, which kept the rock back and allowed the soft 
material come the outside. The piers when stripped and dry 
received coat whitewash. The writer not wholly convinced 
the worth this coat for work this class, usually cracks and 
peels off. Where good surface has been obtained, would prefer 
omit the whitewash coat. 

Although the season was unusually wet, the progress the work 
was delayed only for few days. The river affected rapidly the 
rains, there being storage its water-shed, and the water rises and 
falls quickly. High water was encountered only once, when the sec- 
ond and third piers were first started, but the only damage was the 
washing away little the coffer-dam embankment. 

the construction the temporary falsework, piles were driven 
from driver barrel raft. case could the piles driven 
more than ft., and the average was about ft. This proved fully 
the firmness the entire river bottom, found during the excava- 
tion the pier locations. Most the piles were furnished with steel 
points. For absolute safety, piles should not driven without some 
protection for the point, matter through what kind ground, 
one can never tell what material pile pass through. 

The contractor for the work was Mr. Mullen, who has 
had wide experience similar work. Moses Burpee, Am. 
E., Chief Engineer the Bangor and Aroostook Railroad. 
Am. Soc. E., was Engineer Construction, 
charge the “Medford Extension,” and the writer was Engineer 
Charge the bridge. 
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interesting collection data and tables, useful the design 
overhead contact and transmission lines. 

The tables wind velocities and pressures are especially useful 
for forming correct opinion the actual pressures. More stress 
might laid the fact that the observations the Weather Bureau 
are made the tops high buildings, while the transmission lines, 
and especially the contact lines, are near the surface the ground, 
where the wind pressures are much less. would also reasonable 
assume less ice the contact wire than steel carrying strands, 
especially lines large traffic. Mr. Coombs’ recommendations, 
regard wind pressures and unit strains, are generally reasonable. 
His paper, however, common with most writings the same sub- 
ject, suffers from insufficient consideration the bending strains 
the wires. many designs, these bending strains are greater than 
the tensions, and their neglect leads inevitably the selection un- 
safe designs. They vary greatly amount that they cannot 
provided for neglecting them and adopting large, but uniform 
factor safety. 


This discussion (of the paper Coombs, Am. Soc. E., printed Pro- 
ceedings for December, 1907), printed Proceedings order that the views expressed 
may brought before all members for further discussion, 


Mr. Mayer. 
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Mr. Coombs suggests for discussion suspension from single 
steel strand with 300-ft. spans and distance ft. from the points 
suspension the strand the wire. Taking the wire horizontal, 
and the highest temperature, this, with distance in. from 
the lowest point the strand the wire, gives maximum vertical 
deflection ft. for the strand. prefers this the double 
catenary and strandless suspension. What justifies this preference, 
and what makes superior suspension 

have adequate conductivity, the wire must copper; give 
smooth path for the bow, must solid; impossible 
make straight, but, under the pressure the sliding bow, especially 
with high train speeds, must have large minimum radius verti- 
cal curvature. The wire should not deviate horizontally far from the 
center line track, or, hung the side, from line parallel it. 
must- remain safely suspended under the influence its weight and 
that sleet, the wind pressure, the pressure the sliding bow, and 
the changes temperature. The wire and its supporting structure 
should interfere little possible with the view the signals. 
These ends should attained the simplest means, entailing the 
least cost construction and maintenance. The bow lifts the wire, 
and the curvature its motion, and not that the freely hanging 
wire, must considered. the wire supported short intervals, 
lifted the passing bow positions above its supports; these 
are rigid, the bow, high train speed, oscillates rapidly and down. 
Excessive bending strain the wire, and jumping the bow, with 
sparking, may result. 

ascertain whether the bow will run smoothly, its equivalent 
weight, the train speed, the cross-section the contact wire and its 
tension, the distance apart the suspenders, their weight, and that 
the strand, and the nature the connection the wire 
the suspenders must known. For high train speeds, small 
equivalent weight the bow essential. Long bows are inevitably 
heavy; high train speeds, therefore, require short bows and small 
lateral deflections the contact wire. The equivalent weight the 
bow, however, depends even more the design adopted than its 
length. smooth running called for, high speed, with in- 
ferior heavy bow, short spans are inevitable with all suspensions. The 
rapid vertical oscillation the bow avoided the strandless and 
the Siemens-Schuckert suspension described Mr. Coombs. 

the strandless suspension, with long spans, there large 
change the direction motion the bow the infrequent sus- 
penders; make this practicable high speed, the curvature this 
motion must chosen that where convex downward the bow 
will not jump, and where convex upward neither the wire nor the 
bow nor the suspender will suffer from the increased pressure. all 
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suspensions there are large changes the direction motion Mr. Mayer. 
the bow low overhead crossings and tunnel entrances, and some- 

times grade crossings. With inferior, heavy sliding bows perfect 

design the contact line for high speeds these points difficult 

impracticable. suspender fitted change the variable direction 

approach the sliding bow into another variable direction its 
departure, transition curve large least radius all tempera- 

tures, here needed with all suspensions. 

obtain safe wire, its maximum strain must nowhere and 
never exceed about three-fourths its elastic limit. exposed 
bending strains and tensions. The former are often much larger 
than the latter. suspensions, large grooved copper wire, 
about 0.3 in. wide and 0.6 in. height cross-section, suspended 
from steel strands made very small wires. The copper-wire has 
ultimate strength from 50000 60000 the steel wires, 
lb. more. The modulus, copper wires 000 000, 
that steel strands 26000000 per sq. in. solid section. 
evident that the bending accompanying changes vertical and 
horizontal deflections will produce more serious bending strains 
the large and weak copper wire than the small and strong steel 
wires. For calculating them, the vertical and horizontal deflections 
the wire under all conditions load, wind pressure, pressure the 
sliding bow, and changes temperature must determined. 
easy provide steel ropes strong enough carry the wire, the ice 
loads and the wind pressures. The main difficulty arises from their 
expansion and contraction caused changes temperature and ten- 
sion. These and the wind pressures cause lateral and vertical curva- 
ture the contact wire. Both the deflections and the drop tem- 
perature increase its tension and produce certain points large bend- 
ing strains. determine the degree safety the various sus- 
pensions, the largest bending strains and tensions the contact wire 
and the ropes must With regard obstruction the 
view the signals, the fewer ropes, suspenders, posts, and bridges 
brackets, the better. 

For judging the suspension suggested Mr. Coombs these 
standards, and for finding whether sufficiently rigid suit- 
able for use with sliding bow that will run smoothly high speed, 
and sufficiently strong resist with adequate safety the incident 
forees, the size the steel strand and the distance and nature the 
suspenders must reasonably assumed, and the deflections and con- 
sequent bending strains and tensions calculated. 

Following Mr. Coombs’ specification, steel strand ample, 
and weighs 0.89 Ib. per ft. span. The 0000 copper wire weighs 
0.64 and gas-pipe suspenders, ft. apart, about’ 0.33 giving 
total weight 1.86 lb. per ft. span. Ice all parts 


Mr. Mayer. weighs 1.63 giving total weight, with ice, 3.49 lb. per ft. 
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span. Taking the wire consist approximately two wires 
directly above each other, 0.65 in. high and half wide. The 
wind pressure the bare metal wire suspenders and.strand, taking 
lb. per sq. ft. all through, 1.63 and that the ice-covered 
structure, with per sq. ft., 2.57 Ib. per ft. span. Assuming 
tension 1000 lb. the contact wire, the lateral deflection the 
wire, maximum temperature, would 3.15 ft. This assumes that 
the wire held the ends the spans steady braces. these 
were absent, the lateral deflection would much larger and the 
needed sliding bow would altogether impracticable. 

Where sliding bows are used, the wire must run alternately the 
right and left the center line track distribute the wear 
over considerable length the bow. Taking the lateral displace- 
ment the wire the brackets ft., and allowing ft. for the 
lateral vibration the sliding bow, the latter must 6.96 ft. long 
catch the wire, with the strongest winds assumed. sliding bow 
this length, which will not jump the suspenders, with moderate 
train speeds, can designed. 

For the highest present steam railway speeds, much larger ten- 
sion the contact wire more frequent suspenders are needed 
prevent jumping and sparking, with the usual connection the wire 
the suspender. Jumping and sparking might also prevented 
contrivance allowing the wire rise the suspenders, without 
lifting them, when the sliding bow passes. With steady braces, which 
are practically unavoidable with this design, the wire carries, 
maximum temperature, 0.49 lb. the total wind pressure 1.63 lb. 
per ft., the steady braces, and its tension thereby increased. 
Much more serious the bending strain the wire the clamps 
which connect the steady braces. These clamps may designed 
avoid bending strain the wire maximum temperature without 
wind. this case, the lateral bending strain the wire the end 
the clamp, highest temperature and wind pressure, 
per sq. in. For the wire here assumed, this bending strain given 
pounds per square inch, and the tension the wire. 
decomposed into component having the direction the wire the 
end the clamp and one normal it, the horizontal component 
the latter and the vertical component For the vertical 


bending the same wire, the formula the 
same time, with this bending strain 300 Ib. per sq. in., the tension 
the wire 800 giving combined strain 46100 per 
sq. in. 


] 
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The passing sliding bow increases the total strain nearly 000 mr. Mayer. 
per sq. in. The horizontal bending strain may reduced, theoreti- 
cally, one-half, using two steady braces each bracket and con- 
them the wire hinged clamps, the hinges being vertical. 
steady braces themselves should have horizontal hinges permitting 
rise and fall with changes temperature and wind 
pressure and the passing the sliding bow. this rise and fall, the 
vertical bending strains the wire, except those due the 


bow, are transferred the nearest suspender; therefore, they 
not added the horizontal bending strains the 
braces. With hinged double steady braces, connected the 
wire hinged clamps, the total strain per square inch the highest 
temperature, with the assumed wind pressure, approximately 
This assumes that all the hinges work without friction. The fric- 
tion the hinges may increase this strain considerably. the 
lowest temperature, without ice, and with the largest wind pressure, 
the lateral deflection the wire ft., its tension 5000 
per sq. in. 

The bending strain the steady braces due horizontal bending 
27200 lb. per sq. in. with single, and half much with double, 
and hinged clamps. This gives combined strains 280 and 
per sq. in. These strains are both increased about 1000 Ib. 
the passing sliding bow. Since they exceed the elastic limit, the 
wire will bend before the strains reach the amount 
peated forward and backward bending will produce rupture. re- 
duee these large bending strains and tensions the contact wire, 
smaller deformations must obtained. can secured 
smaller deflections the carrying strand which requires either heavier 
strands shorter spans. 

With strand ft. maximum vertical deflection and 300 
ft. span, carrying in. below the strand the center the span 
grooved wire which horizontal and has 1000 lb. tension 
the highest temperature, without wind, the deflections and strains 
the wire are follows: the highest temperature and wind 
pressure, the horizontal deflection the wire 2.17 ft., its upward 
deflection 0.23 ft., the tension 260 lb. per sq. in., the horizontal 
bending strain 20580 lb. per sq. with single and half much 
with double steady braces. This gives, with the latter, combined 
strain 18550 which about 20500 Ib. per sq. in. 
the passing sliding bow. This great improvement over the 
corresponding 500 lb. with ft. deflection the strand. 

the lowest temperature, with the highest wind pressure, without 
ice, the vertical deflection the strand 1.85 ft., its lateral deflec- 
tion 0.9 ft. The vertical upward deflection the wire 1.18 ft. 
and its lateral deflection 1.05 ft. The tension the wire 
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Mr. Mayer. 640 per sq. in.; the horizontal bending strain, with double 


steady braces, 290 giving combined strain 37930 per 
sq. in. This increased about 39000 the passing sliding 
bow. With hinged steady braces, most the vertical bending strain, 
several the nearby suspenders. these suspenders have clamps at- 
tached them horizontal hinges, allowing oscillation the wire 
vertical plane, then the vertical bending strains are certainly 
smaller than the horizontal ones; there are such hinges, such 
strains are probably larger than the horizontal bending strains with 
double steady braces, but they cannot easily calculated with ac- 
curacy. With ice and wind, the lowest temperature, the lateral 
deflection the wire 1.48 ft., the upward deflection 0.46 ft., its 
tension lb. per sq. in. The horizontal bending 
strain, with double steady braces and hinged clamps, 13100 
giving combined strain per sq. in. This increased 
about 1000 Ib. the passing bow. 

The maximum tension the strand 16200 lb., which gives 
factor safety provided the small bending strains are neglected. 
sliding bow ft. long needed, and can designed give 
smooth running all but the highest speeds. evident that the 
strains the wire are still excessive where the wind pressures and 
ice loads prescribed the specification really occur. these are 
rare occurrence, structure this design, with improved hinged 
double steady braces, connected the wire hinged clamps, will 
probably, most situations, last number years. would have 
about the rigidity double catenary suspension the same span 
with two strands in. diameter and ft. vertical deflection, 
having the wire in. below the lowest point the strands. The 
largest lateral deflection the wire this latter suspension, with the 
wire tension and wind pressure here assumed, approximately 2.25 
ft. the double catenary suspension, steady braces are used, the 
bending strains the wire due its vertical and lateral deflection 
are distributed several clamps near the ends the spans. They 
cannot easily with accuracy, but are probably somewhat 
smaller than the best single catenary suspension the same span. 
The tensions the wire are nearly the same both designs here 
compared. The double catenary suspension certainly superior 
strength single catenary suspension the same span and lateral 
deflection with single steady braces. All these designs are far in- 
ferior safety railroad bridges. 

Taking now 0000 round wire, hung from special suspenders, 
with 300-ft. spans and ft. maximum vertical deflection, with strain 
adjusters mile apart, the adjusters changing the length the 
spans four times year, that the variation temperature with one 
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length span does not exceed 84° fahr.: The largest lateral deflec- 
tion the wire 2.54 ft. sliding bow ft. long required. The 
tension the wire the lowest temperature, with wind and without 
ice, 260 per sq. in. The maximum bending strain 
the same time 6250 giving total strain per 
sq. in. The corresponding strain the suspension suggested Mr. 
Coombs 44680 per sq. in. the single catenary suspension, 
with ft. maximum vertical deflection the strand, 
with the best design. 

With coating ice, in. thick the contact wire, increasing its 
diameter in., the maximum tension the lowest temperature, and 
with wind pressure lb. per sq. ft. ice-covered wire, 
lb., the bending strain 250 giving total lb. per sq. 
in. greater thickness ice the contact wire would make 
collect the current. Where there considerable traffic, 
the wire will generally several degrees warmer than the atmosphere, 
and less ice will form than steel strands carrying but little 
and the passing sliding bow will knock off much that 
which forms. reasonable, therefore, assume smaller amount 
ice the contact wire than the strands. The maximum strain 
the wire, with ice in. thick, and wind pressure per sq. 
ft., the lowest temperature, the best the single suspen- 


the same span per sq. in.; this would but 


little reduced assuming the ice the contact wire in. thick, the 
strain without any ice being 000 

The strandless suspension here described requires, for smooth run- 
ning with speed miles per hour, sliding bow lb. equiva- 
lent weight, ft. long. Such bow easily designed, but, 
far the speaker aware, not present the American mar- 
ket. The bows use are designed for smaller speeds. they are 
used with high speeds, shorter spans are necessary. The 4-ft. de- 
flection the contact wire requires larger range vertical motion 
the bow than the catenary suspension the same span, which 
the height the wire varies only about ft. Though 300-ft. spans 
are entirely practicable and safe, with improved strandless suspension 
and speed miles per hour, they will not give continuous con- 
tact this speed without improved sliding bows. 

The speaker has invented another suspender, which can used 
any speed with ordinary sliding bows large equivalent weight, 
and reduces still further the bending strains. With it, 300-ft. spans 
can safely used. the sliding bow may heavy, may made 
adopted, thus reducing greatly its maximum tension. This suspender 
will later. 

The showing the excessive bending strains the 


Mr. Mayer. 
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Mr. Mayer. single catenary suspensions 300-ft. span confirmed practical 
experience with long-span electric transmission lines. these, solid 
wires were first used, but they broke the insulators even with 
moderate tension per square inch. Stranded wires, therefore, are 
now used with long spans. Many experiments have been made with 
single catenary suspensions. result, the present practice 
America and Europe, far known the speaker, does not 
show any existing spans more than 160 ft. The importance re- 
ducing the lateral and vertical deflection the contact wire, and 
thereby its bending strains, fully appreciated the designers 
most, not all, the existing structures America. The sliding 
bows are generally ft. long, and could not used with large lateral 
deflections. 

Taking design with 150-ft. spans steel strand in. 
eter, with in. maximum vertical deflection, the 0000 grooved 
wire being horizontal the highest temperature and in. below the 
strand the center the span, the following deflections and strains 
are obtained with variation temperature 140° fahr., and the 
loads and wind pressures mentioned Mr. Coombs: The weight 
wire, strand and suspenders approximately 1.04 per ft., the wind 
pressure, without ice, 1.15 lb. per ft. The weight, with ice, 2.33 
and the wind pressure 2.10 lb. per ft. With the greatest wind 
pressure, and the highest temperature, the lateral deflection the 
wire approximately 0.95 ft., its tension per 
sq. in., the horizontal bending strain, with ordinary steady braces, 
410 giving combined strain 25140 lb. per sq. in.; this 
increased about 27100 lb. the passing improved sliding 
bow maximum dynamic pressure lb. 

the lowest temperature, with the greatest wind pressure, and 
without ice, the upward deflection the wire approximately 0.3 ft., 
the horizontal deflection 0.38 ft., its tension 4640 lb., 920 
per sq. in. The horizontal bending strain 6630 lb., giving 
combined strain 34550 per sq. in. This increased about 
Ib. the passing sliding bow. the wire firmly held 
the steady brace, that cannot rise and fall, the combined strain 
due tension and horizontal and vertical bending about 40000 

With ice having average thickness in., lowest tempera- 
ture and with the greatest wind pressure, the wire has lateral deflec- 
tion 0.6 ft. and downward deflection 0.07 ft. Its tension 160 
and the horizontal bending strain 10510 giving combined 
strain 38670 lb. per sq. in. This about 1000 
per sq. in. the passing sliding bow. The horizontal bending strain 
may reduced one-half and the bending strain transferred, 
perfect double steady brace, allowing the wire rise and fall 
and turn. 


| 
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Wire having elastic limit 40000 Ib. per sq. in. can ob- Mr. Mayer. 


tained, and, with little ice and moderate wind pressures and changes 
temperature, gives approximately safe structure with the usual 
designs. 

The maximum tension the steel strand, with the foregoing 
loads, 000 the ultimate strength cast-steel strand about 
600 Ib. 


These results explain why much longer spans are not used with 
single catenary suspension. 

evident that structure having the factor safety 
railroad bridge not practicable with ordinary catenary suspension, 
most climates. Mr. Coombs’ description the Siemens-Schuc- 
kert suspension correct, and the pulleys over which the con- 
tact wire carried have diameter ft., larger pulleys being 
irapracticable, the bending strain the wire here assumed would 
000 Ib. per sq. in. the tension the contact wire 
the lateral deflection the wire would much increased, and long 
spans with large strand deflection would impracticable. This sus- 
pension used with spans m., with steel carrying structure 
where long spans are very desirable. the designers had thought 
them practicable, they would probably have adopted them. Spans 
300 ft., with single suspension, therefore, are not sustained 
precedent; they cannot defended successfully theory, and 
they will probably prove short-lived tried under conditions ap- 
proximating those here assumed. 

The maximum strains which demonstrably exist the contact 
wires with catenary suspension show what copper wire can stand, 
least for few years. They make extremely probable that wire 
which the maximum strain never and nowhere exceeds 30000 per 
sq. in. abundantly safe. 


tures where transmission lines cross railroad tracks, Mr. Coomb’s 
paper should help standardize the practice, which has varied ex- 
tremely, the speaker has had occasion note. Under the direction 
Thomas Mather, Am. Soc. E., overhead construction 
has recently been designed and installed the line the Syracuse, 
Lake Shore and Northern Railroad, running from Syracuse 
Baldwinsville, The line about miles long, and provided 
with single-catenary trolley construction presenting some new features. 

Mr. Mather thinks that the work has not yet advanced far enough 
warrant the presentation formal paper, and therefore the 
speaker will make simply preliminary presentation the prominent 
features the construction. 

The trolley wire hung from messenger cable supported 
bridges spaced 300 ft. apart, from center center. The bridges, 


Mr. Archbo 
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shown Plate XXXIV, consist light trusses bents ft. apart, 
from center center. The bents are each composed two 8-in. chan- 
nels, ft. apart the base, converging in. the top, and sup- 
ported concrete pedestals, in. square, and depth varying with 
the nature the ground. The trusses have 8-in. channel top chord 
and 6-in. channel bottom chords, set with the flanges down. The 
diagonal members are rods, and the struts 
angles. The struts are flattened and bent over the ends, and are 
riveted the 

the top chord each truss are bolted malleable-iron pins 
which are cemented porcelain insulators for the messenger cable. The 
three-phase high-tension line supported steel A-frames each 
end each bridge. The construction designed for wind pressure 
lb. per sq. ft. the trolley and messenger cables, covered with 
in. ice, somewhat lower ice load being assumed the high- 
tension cables, which are No. copper. The structure computed 
braced portal, the unit strains under the assumed wind ‘and ice 
load being 500 lb. per sq. in., reduced for compression members. 

The strung for net sag 6.5 ft. 100° fahr. 20° 
fahr., the sag about 5.5 ft., and the trolley about ft. higher 
the center the span than under the bridges, the height from rail 
trolley being ft. the bridges. Stranded steel messenger, 
wire, in. diameter, supports steel hangers, in. diameter, 
spaced ft. apart, from center center. These hangers are the 
Ohio Brass Company type, and are attached the messenger cable 
with sister hook through the base which the rod threaded and 
drawn tight against the messenger cable. The 0000 grooved 
trolley secured the hanger Detroit clamps. 

each bridge there span-wire steady strain (not shown the 
photograph), the trolleys being insulated from the bridge and from 
each other 6-in. wheel-type porcelain strain insulators. The messen- 
ger cable dead-ended equalizer attached pair these in- 
sulators, which are connected short cable loops similar pair 
secured the anchor bridge. 

test which came the line during construction showed the 
effect broken messenger wire. When about half mile wire 
had been pulled up, and hangers were three four the spans, 
the dead-end arrangement broke, allowing the line go. The insu- 
lator broke the bridge next the dead-end bridge, but the trouble 
did not extend any further than that point. Some the men the 
work thought the foundation the second bridge raised little, 
but there seems considerable difference opinion that point, 
and certainly damage was done. The idea has been that the bridges 
would what might called semi-anchored; or, other words, the 
effect break would not beyond two three bridges either 
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possible, too, that the heavy rods and tight clamping mr. Archbold. 
obtained both the messenger and trolley wires, assisted con- 
holding the line. any rate, damage was done which 
not repaired quickly. 

The high-tension wire strung with sag in. 20° fahr., 
has net about ft. from the track. the trolley 
some time operated 6600 volts, single-phase, all the in- 
the steady strains, etc., designed withstand 
voltage. present, however, being operated 600 volts, 
regard thé lateral stiffness the single catenary 
with supports 300 ft. apart, may noted that the line has been 
about days, and, thus far, very little deflection rolling 
observed under the action the wheel trolley with tension 
During this time there have been temperature changes 
50° and wind velocities miles per hour. These conditions 
make difference the operation, even before the steady 
sirains were installed. 

The speaker feels justified saying positively that, with this type 
there will difficulty from side-sway the 300-ft. 
span. yet determined whether the line too stiff the 
vertical plane, but that cannot determined positively except 
operation extending over considerable period, and including hot 
well weather. The preliminary tests which have been made in- 
dicate that there will difficulty. 

This line re-location, shorten the running time and provide 
double track private right way between Syracuse and Baldwins- 
ville. The old single-track line highway, and about mile 
longer than the new location, which will form part new high-speed 
road between Syracuse, Fulton, and Oswego, total distance 
about miles. 

Rurus Am. Soc. E.—In the field trans- 
mission- and distribution-line construction, each engineer has been 
largely law unto himself, and Mr. Coombs’ effort secure some 
measure standardization much commended. the same 
time, loeal very largely govern, and the successful construc- 
tion one may little value even comparatively near 
sections. 

addition the given the author, short circuit may 
the swaying together two phases the circuit. This, 
however, may prevented spacing the wires distance apart equal 
least twice the versed sine the sag. Thus the Missouri River 
has spacing in.; the Connecticut River 
span the Springfield-Suffield Line, in.; while the Madison River 
Line, Montana, has 108 in. additional precaution, the wires 
are often arranged that two are the same horizontal plane. 


Mr. Harte. 
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Mr. Harte. This characteristic the Connecticut River span, the 


Mexican, the Southern Power, and many other transmission line 
The large spacing (of the triangle), with two wires vertical plane, 
also materially reduces the likelihood interference from large birds, 
branches wires blown against the line. practice, however, 
cause their weight and low periodicity, long spans usually 
unison, thus maintaining the spacings. 

Mr. Coombs states that insulator troubles are largely due mis- 
directed savings. While true that there are to-day many 
operating without change higher voltages than designed for, 
which the insulators were poor for the original voltage, there 
many other lines where, although expense has been spared, insulato: 
troubles are very serious. 

the seacoast, particularly Southern California, heavy 
fogs cause troubles which, far the speaker knows, have not 
been overcome successfully; the alkali deserts, the so-called 
storms result losses very remarkable brush discharges and leak 
ages; and where lines are near steam-railroad right way the oil and 
water from the exhaust condense the insulators and then collect 
coal and other dust until the creeping surface largely covered, caus- 
ing heavy leakage, and burning wooden pins. This condition promises 
very serious problem steam-road partial electrification. The 
deposits from salt and dust storms are washed off the rains, but 
oily coating resulting from locomotive exhausts not affected 
water. 

While “campaign education” may assistance, the smal! 
boy with his sling-shot and the man with the gun will always menace 
seriously the welfare insulators settled sections. Dark-colored 
glazes, being less conspicuous, are being used many cases. With 
medium voltages, compact insulators the Redlands Crown type 
are used, and one large manufacturing company grooves the insulator 
top, with the idea that the marksman will knock out the portion inside 
the groove and then retire satisfied, leaving enough insulator the 
pin protect the line. matter fact, against bullet any 
weight there little choice type. The speaker tested the three 
types shown, Fig. Plate XXXV, using Winchester 
rifle, reproducing line conditions far possible, and firing one shot 
each. Fig. Plate XXXV, shows the result. New England 
the East generally, gun such heavy caliber would rarely, ever, 
used. 

Serious sleet storms, fortunately, are not common, and are rarely 
great extent. While failure may due the dead weight the 
accumulation, the usual cause more complex. strong wind, 
sleeted wires, because the greatly increased area and weight, sway 
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until the vibrations become synchronous with the natural period Harte. 


pole the line. this pole fails, the resulting long span usually has 
weight enough pull down other poles each side. 

Aluminum does not appear hold sleet does copper, and lines 
transmitting much power are usually little warmer than the air, 
that they throw off the coat quickly, therefore, allowance in. 
ice around the wire sufficient provide for all reasonable con- 
tingencies. The sleet coatings, however, may become very heavy. Fig. 
Plate shows accretion clear ice twig, the coat- 
ing having diameter practically in.; and Woodbury, 
Am. Soe. E., recently advised the speaker specimens had 
seen, one from Wayland, Mass., in. diameter, and one from 
Nahant, in. diameter. Fig. Plate XXXVI, shows the accumu- 
lation wires caused the same storm which developéd the twig 
coating. This was Winsted, Conn., February 21st, 1898. 

Occasionally, sleet and snow storms make trouble bridging over 
the surface the insulator, thus causing leakage the cross- 
arm. This, however, can prevented designing the pins and cross- 
arms leave large catchment area, and maintaining con- 
siderable distance from the insulator top the arm. 

The pressure variations wind storms, cited Mr. Coombs 
reason for using low value, are more properly reasons for introduc- 
ing sway factor. field grain long grass, ivy house, 
observed wind storm, shows very clearly the successive pressure 
waves. transmission line, when such impulses are synchronous 
with the natural period one the poles, stresses are set the 
latter far excess those due the direct forces themselves. 
wooden pole lines there are stress transfers, due the elasticity 
the poles and the slipping the wires the insulators, which relieve 
these unusual conditions; tower lines, the greater rigidity con- 
struction largely prevents such relief, and the action must con- 
sidered designing. 

Mr. Coombs gives series very valuable tables wire factors, 
but there matter connection with solid copper that, far 
the speaker aware, has given practically attention any 
investigator. The standard American copper-wire bar weighs approxi- 
mately 200 This rolled rod diameter depending the 
gauge the wire make. For 0000 trolley, this rod about 
560 mils diameter, and less than 300 ft. long. secure the long 
commercial lengths trolley, the rods are brazed together, the scarf 
having angle about 20°, the brazing being done with mixture 
silver and tin temperature near 800° fahr. result, the rod 
annealed the scarf, and the subsequent drawings diameter 
460 mils not harden this annealed portion. 


From tests brazes, appears that their strength only eight- 
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Mr. Harte. tenths that stock wire. Incidentally, should noted that the 


strength grooved 0000 wire from lower than that 
round wire, due the fact that more work done upon the latter. 


Grooved wire cannot given second reduction after the groove has 
been made. 


TABLE 0000 GROOVED TROLLEY WIRE. 
Length tested each case, in. 


BRAZED JOINTS. 


WAN 
om a ie o™ 
& = | @ = 
630 1.5 6306 6.7 Apparently good braze Broke outside joint. 
good braze. reduced section 
631 0.448 0.9 14.7 filing. Broke joint, with partial separa- 
copper. 
632 1.4 6.5 Apparently good braze, broke outside joint. 
Apparently poor braze. Metal reduced section 
633 0.452 18.9 filing. Broke joint, with partial separa- 
copper. 
Apparently good braze. Broke joint. Separa- 
634 6390 3.8 tion very slight. Flaw copper point 
rupture. 


TESTS WIRE FROM SECTIONS BETWEEN JOINTS. 


628 0.478 7.0 Fracture silky, angular. 
3 635 0.478 7 085 5.7 
3 636 0.478 7 166 5.4 | ba 
3 638 0.478 | 7 076 5.9 


0.478 


~ 
z 
or 


The failure braze does not occur the braze itself, but the 
area immediately adjoining; the break usually parallel the scarf, 
but there invariably skin copper the braze. 

least one wire manufacturer uses specially heavy wire bar 
when requested, thus having fewer brazes per mile, but, any case, 
the braze which determines the strength the line. For this 
reason, well because its flexibility and consequent ease 
handling, stranded copper much better than solid for transmission- 
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work, the strand brazes being distributed along the made-up cable. mr. Harte. 
should added that the problem the braze now occupying the 
number the large wire manufacturers, and hoped 

that decided improvements will follow. 

Mr. Coombs refers grooved trolley wire having area 
sq. in. and ultimate strength 8800 The speaker would 
like have further details this wire. Commercial, American, 0000, 
grooved wire, having cross-section 0.167 sq. in., this being 
than greater than the wire referred to, series tests, 
reach ultimate strength 8000 the break usually 

Mr. Coombs’ type anchor good for comparatively light 
but for heavy spans desirable arrange the insulators 
pairs, or, tandem, the catenary the span, secure uniform 
siress distribution. 

Where the sag must not fall below fixed limits, provision must 
made for adjustments considerable extent. Mr. Coombs’ design, 
any take-up the turn-buckles would result slack 
ihe saddle, not readily cared for. This may avoided using 
double saddle, both parts being movable, the slack looping between. 
Connecticut River crossing the Springfield-Suffield line has 
crossing span attached movable cross-head controlled long 
screw with adjusting nut, Fig. The main line taps into the 
crossing span the cross-head, and has “pigtail” care for the 
variation length. 

Under specifications, bar thin wiped galvanizing, desirable 
require the galvanized metal stand four immersions, sec. 
each, saturated solution copper sulphate, 70° fahr. After 
each immersion the test piece should dipped into clean water and 
then wiped dry; metallic copper should appear after the fourth 
immersion. 

The speaker wishes Mr. Coombs had treated the subject protec- 
tion line crossings greater length. Apparently, the crossing de- 
scribed protected, over and above the general line, only taking 
additional precautions relieve the crossing towers from stresses due 
adjoining spans, and certain details anchorage line, provi- 
sion being made for the installation cradle later date 
desired. 

far line strength concerned, crossing differs from normal 
span only possible greater length, restrictions height 
wire; and failure this point, its effect the service, does not 
differ from failure elsewhere; but, the possibilities damage 
train, passengers others platforms highways, other 
lines, the becomes one the most critical line points, and 
the method safeguarding the utmost importance. 


i 


uf 
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Protection may effected by: 


preventing broken wire from getting int. 
the danger section; 
2.—Strengthening the upper wires that failure practicaliy 
impossible; 
3.—Grounded arms cut off broken wire the pole top be- 
fore can reach the line below. 


the first class are the various cradles, all open the criticism 
that they offer large areas for sleet lodgment, and most them that 
they are very expensive. 

very simple type consists telegraph wires strung between mul- 
tiple pin arms. The system grounded, but the small section the 
wires usually guaranty that they would burned through the 

modification consists three longitudinal wires with cross-bars 
hard wood; other variations include sheets wire netting, net- 
works wire strand more less substantially fastened together, 
the very impressive cradles heavy strand with cross-bars flat 
iron. clearly appears the case shown, Fig. Plate 
wood bar cradles are apt lose members from breakage otherwise, 
while the heavier wire cradles often sag, becoming positive menace. 
Fig. Plate shown wire-strand cradle which has 
sagged extent requiring the power company protect its lines 
the support wires strung the top arm the transmission line. 

While the more substantial types, large enough keep fallen 
wire from blowing out again, are doubt efficient along certain lines, 
their great cost, and the excessive stress imposed them upon their 
supports, even without the great loads sleet they are sure catch, 
make them very undesirable. 

The ideal protection the so-called short-span method. the 
crossing span and the two spans adjoining are arranged that the 
distance apart the poles less than the distance from the cross-arm 
the upper line the lower line; thus impossible for the two 
lines touch, under any circumstances, while the adjoining short spans 
prevent broken wire from swinging into the crossing-span section. 
Unfortunately, crossings usually occur highways where limitations 
pole locations prevent the use this method. 

The method most generally applicable, and, the speaker’s judg- 
ment, the best, that reinforcing the line set messenger 
This plan has the great advantage that the line locally 
doubled strength, with but little increase weight exposure 
area, and the cost nominal. 

recent and satisfactory design, messengers No. stranded 
copper are used, and them line wire tied every ft. 
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grounded angle-iron frame just beneath the line provides automatic 
cut-off case the line breaks the span adjoining the protected span, 
Fig. 10, and Fig. Plate 

protection device should meet the following requirements: 


1.—Complete protection the lower line, including protection 
from failure adjoining span with wires whipping 
into the protected section; 

2.—A minimum areas exposed sleet wind; 

3.—Little increase over weight normal line; 

design; 

5.—Construction familiar linemen; 

6.—Few special parts; 

cost installation and maintenance. 


The foregoing types protection assume that the power line 
above, and the additional safety such arrangement will usually 
justify considerable expenditure secure it. some how- 
ever, practically impossible above with the transmission line. 
such cases the method the American Telephone and Telegraph 
Company, practically enclosing the upper line sheath 
strand network is-the provided the design such that will 
prevent dangerous sagging the cradle. 

any cradle design, the tendency broken wire curl and 
therefore jump out the cradle should recognized; Germany and 
Switzerland customary compel transmission companies make 
all lines railroads pass through regular tunnel ironwork. 

Where the line very narrow right way, and where carries 
trolley brackets, straight poles are essential, and often desirable 
use selected stock important highways, but the majority 
eases considerable crook can allowed. Certainly, where chestnut 
used, Mr. Coombs’ requirement only in. crook ft. 
length unnecessarily rigid. 

The Western Lumberman’s and the Idaho Cedarmen’s Associations 
have defined commercially straight cedar poles having crook 
one direction only, and sweep not exceed in. For chest- 
nut, the American Telephone and Telegraph Company allows practi- 
cally in. sweep ft. length for poles ft. total length, 
and in. sweep ft. for poles more than ft. total length, 
the measurements made between the top and point ft. from the 
butt. 

Chestnut from seed often grows very straight; stump-grown stock, 
which to-day forms large proportion the supply, almost in- 
variably shows sharp crook near the butt, due the growth the 
shoots, first out clear each other and then straight upward. 
this crook large, increases the cost pole setting, but diver- 
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Mr. Harte. gence from the general axis the pole not more than in. the 


lower ft. can cared for without additional work. 

the speaker’s judgment, the severity the specification does not 
increase the line strength, and, materially increases the cost, 
would seem that might better changed, meet current practice 
and market limitations, the following: 

Cedar poles shall have but one crook, this one way only, the 
sweep not exceed in. ft. 

Chestnut poles shall have but one crook, this one way only. 
The sweep shall not exceed the following limits between butt and top: 


Pole length, feet: 
Sweep, inches: 


far the speaker aware, there has yet been wreck 
any magnitude any the electrified steam lines, and, until such 
try-out, certain questions design must remain unanswered. 

not all unlikely, however, that, least for lines which 
freight trains, with their capacity for trouble, are handled, the ulti- 
mate development steam railroad electrification will the di- 
rection independent overhead lines for each track group tracks. 

With one live trolley, emergency movements can made ad- 
joining tracks; with all overhead wires down, may well feared 
wreck under bridge construction, not only the electrical equip- 
ment helpless, but large additional burden clearing away the ma- 
terial devolves the wrecker. 

Whatever the design, the speaker feels that the unit stresses allowed 
Mr. Coombs are too high. With long and frequent trains, and par- 
ticularly with high voltages, the failure any part the overhead 
system offers too great opportunity for serious results justify 
any close paring the design. 

Steam railroad electrification for some years come will un- 
dertaken only where there sight very marked gain the 
change, where legislation compels it. The complications with which 
the simplest distribution system involves maintenance operations, and 
the awkward fact that for wrecking, and “dead” sections, some self- 
contained motor must used, weigh heavily with men familiar with 
steam-road operation, and offset many the obvious advantages 
electrification. will rarely happen that cost variation several times 
excess the difference between thoroughly dependable construction 
and “probably safe” construction will weight influencing the 
decision, and the few cases where factor far better for 
the art that the work deferred rather than incur unjust discredit 
because failure, either physical performance, expected 
maintenance and operation costs. 

Whatever the unit stresses, the bridges, brackets, poles should 
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have safety factor considerably excess that the overhead Mr. Harte. 
system proper, and messengers, hangers, and trolley should mark 
regularly descending scale, order that any failure may the 
least extent possible. 

While true that the ordinary trolley suspension gives catenary 
curve, the general practice to-day apply the term “catenary con- 
struction” systems supporting the trolley from one more messen- 
Following this practice, overhead systems would classified as: 


Suspension.—Trolley carried hangers directly 
connected span wire, bracket, bridge; 

2.—Catenary hung from one more 
messenger cables turn carried the 
brackets, bridges; 

3.—Single but one main messenger (as 
the Erie Railroad electrification) 

Catenary.—Having more than one main messen- 
ger (as the New Haven electrification) 

Catenary.—Trolley carried directly main messen- 
ger; may simple multipie (as the Erie New 
Haven electrification) 

Catenary.—Trolley carried secondary 
messenger system, turn carried the main messenger 
(as the Blankenese-Ohlsdorf Railway). 


The kind conductors best adapted the collection the power 
The two chief difficulties, with high speeds, are 
chattering the shoe, due alternate hard and soft spots the 
line, and the pressure variations, due the great vertical range re- 
quired the pantograph. 

The first problem may solved either floating fixing the 
trolley wire; for undoubtedly perfectly flexible line one perfectly 
rigid would give excellent results far alone was concerned. 
Whether the shoe will not chatter the rigid line, result the 
irregular movements the car, remains seen. interesting 
note that Mr. Murray, Electrical Engineer the New York, 
New Haven, and Hartford Railroad, discussing his recent paper 
before the American Institute Electrical Engineers, quoted* 
saying that, his judgment, either the shoe the line 
flexible. 

The second problem largely function overhead crossing 
limitations, and, large degree, independent the overhead 
construction; therefore must cared for the design the col- 
lector 

Both problems are the field rather than the office. Mr. Mayert 


Street Railway Journal, January 18th, 1908, page 81. 
Proceedings, Am. Soc. E., for December. 1907. 
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has given very elegant mathematical analysis shoe pressure under 
certain conditions, but the discussion based the supposition that 
the car end the collector traverses path bearing definite and 
regular relation the conductor. matter fact, however, this 
path most irregular. Unevenness track, grade and line, 
gauge variations rail and wheel, side play axle boxes, spring 
action, and movements the car framing itself, all affect the shoe 
pressure entirely independently the variations due the collector 
mechanism and the character the overhead system. 

Mr. Coombs recites five objections the double, compared with 
the single, catenary. That the double catenary has greater first cost 
and greater mass overhead true, although, the time the single 
form has been properly secured pull-offs, guys, and steady braces, 
there surprising amount material the air. 

maintenance, however, the speaker doubts whether single 
not least troublesome. double catenary can stand 
severe punishment and still permit the movement trains. the 
other hand, the hangers the single catenary are more out the way, 
and therefore less likely injured. 

Either type requires the tower car for repairs, but the double 
has twice many connections make; the other hand, 
its greater strength and rigidity undoubtedly reduce the troubles above 
the trolley. 

That the double catenary offers greater obstruction the view 
the signals, the speaker cannot admit. the signals are bridges, 
they will between the tracks, and curve that would bring the 
overhead structure across the line sight would also bring the pole, 
towers, truss posts also into line. The difficulty relates the sec- 
ondary supports rather than the type suspension. 

Mr. Coombs sums the situation admirably. anything remains 
said, this: the present state the art there great 
lack of, and need for, data resulting from practical tests the various 
theories. 

closing, the speaker wishes express his obligations the many 
friends who have kindly assisted the experiments, and have loaned 
illustrations for use this discussion. 


(by letter).—If the high-tension wires are 
sufficient mechanical strength have factor safety under 
general conditions, very doubtful con- 
ductor will part the span. 

crossings 600 ft., not considered that the wires are 
likely cross high winds, even though spreaders are not used, 
experience seems indicate that the wires will swing from their normal 
positions about equally. 

Protection, the form lightning rods, seems desirable cross 
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ings where very high wooden towers are used, lower wooden cross- Mr. Osgood. 


ings points high altitude. 

steel towers are used railroad crossings, the use lightning 
rods desirable, the crossings are such points the line are 
known affected lightning disturbance. 

The use cradles, suspended from high-tension poles, under the 
high-tension wires, not advocated the writer, for any ordinary 

ideal high-tension crossing would have the supporting towers 
sufficient height make impossible for one the transmission wires 
touch the ground should break the crossing span, but 
this usually impossible, from rational standpoint, owing 
the length the section. 

second choice for crossings seems favor supporting tower 
the edge the railroad company’s right way, and another between 
the telegraph signal wires and the outside rail, thus using four poles 
towers crossing, making short span each side the tracks 
over the telegraph signal wires and the longer span over the tracks, 
being assumed that the railroad company has wires protected 
each side its tracks. 

These poles should sufficient height prevent one the 
high-tension conductors from touching the telegraph signal wires, 
should break, that, high-tension conductor should give way 
over the tracks, the signaling system would not affected, although 
this might not always true any the rails were used part 
the signaling circuit. 

railroad companies feel that screens cradles should placed 
under high-tension wires, let such devices placed the top arm 
positions the poles carrying the telegraph signal wires, their 
purpose can then accomplished and unnecessary burden placed 
the more important high-tension towers. 

simple and inexpensive type screen, used suggested, can 
made follows: the top gain the pole each side the 
high-tension crossing, place ten-pin cross-arm, somewhat longer than 
the standard cross-arm used the line protected, and run 
between these arms, ten No. No. galvanized steel wires, strapped 
together, and grounded each pole. 

W.S. Murray, (by Coombs has handled this very 
interesting subject analytical and conservative manner. With 
reference that part his paper concerning the strength the ma- 
used for wires and supporting structures, the basis his 
assumptions could not better founded than the records given 
several tables. With reference the equations relating the unit 
pressures per square foot projected area, the writer pleased 
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able confirm these figures actual practice, the catenary wires 
and supporting structures the New Haven electrification were worked 
out equation practically identical with the one suggested 
Mr. Coombs; and interest note here that these wires and 
structures have passed through storms approximating quite closely 
those stated maximum conditions upon which the equations are 

Mr. specifications general requirements are the point, 
and, addition those which are generally recognized standard, 
has made many original and valuable suggestions. 

connection with the general subdivision superstructures, al- 
though the writer not quite able agree with Mr. Coombs that the 
upright signals when supported from four-track trusses are obscured 
from the engineer’s view distance 1200 ft., unquestionably 
true that the general envelope produces difficult foreground for the 
engineer, and naturally the cantilever-bracket construc- 
tion clears this disadvantage considerable degree. 

recently stated paper before the American Institute 
Electrical Engineers, the writer not loathe believe that even four- 
track main-line electrification will effected the use cross- 
spans interspersed proper intervals with fabricated steel 
truss anchor bridges; but believes that the form this construction 
will guyed steel uprights supporting the cross-catenary span, with 
distances between bents of, say, not greater than 300 ft.; and, further, 
believes that, the future, the single catenary will receive more 
favorable consideration than the double catenary construction. 
readily seen that the first cost the former will much less, and 
the flexible contact offered the single construction, due 
the fact that the trolley supported from single messenger, with the 
messenger turn supported from flexible gives 
great advantage. 

Practice seems demonstrate the fact that either the shoe the 
trolley must flexible. matter fact, flexibility both would 
great advantage, and cannot questioned that the cross- 
catenary span will offer more flexibility than either the cantilever 
bridge-truss type construction. this point, particular 
ealled the fact that experimentation with the deflection trolley 
wire supported from messenger, which turn supported 
points, shows that the middle the span the deflection 
400% greater than that the immediate vicinity the bridge 
cantilever supporting the messenger wire, being understood, 
course, that equal upward pressures are applied each instance. This 
illustrates the value the flexible feature the cross-catenary 
point much value the construction should 
emphasized, namely, that the cross-spans may supported strain 
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insulators, thereby not only doubling the actual insulating value the Mr. Murray. 
line, measured under normal conditions, but, point 

fact, many times increasing the insulating value due the insula- 

tion being placed the side, and thus out the direct line steam 
blasts, which have such deleterious effect insulation. 

argument that will advanced against the use the cross- 
eatenary construction that not reliable the cantilever 
truss The answer this that, this form con- 
any factor safety that may used other types can 
selected; fact, larger factors safety can chosen with less pro- 
portionate expense. 

conclusion, the writer agrees with Mr. Coombs his summa- 
tion, under five counts, concerning the undesirability double cate- 
naries. The root all trouble with the alignment catenary con- 
struction the change temperature. The fact that low tempera- 
ture means tight wire and vice versa for high temperature must 
The ideal condition suspension would free- 
running suspended wire, tension being supplied one both ends 
the variations its length due temperature. 
very seldom that ideal conditions can secured the field, however, 
and the results are generally combination compromises and ap- 
proximations. What one fails accomplish with the contact wire 
may accomplished properly devised shoe, strong construc- 
tion, flexible and light, the last-named element eliminating inertia, 
the arch enemy the hard spots the line, which, Mr. Coombs has 
pointed the “hanger points.” To-day not the time for 
standardization, but for observation. The experiences and mistakes 
to-day will invaluable comparison with theories. 
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that interruptions service caused lateral displacement are im- 
probable either the 240-ft. spans with sag ft., used 
Mr. Mayer, 300-ft. spans having sag ft. 

Based the fact that the hot and cold sags the catenary, and 
therefore the trolley wires, are approximately equal for total varia- 
tion temperature 140°, the tension the trolley wire given 
Mr. Mayer about 26000 lb. per sq. in. Assuming that the cate- 
naries are erected with the normal tension normal temperature, 
would seem that the increased tension the trolley wire should 
merely that due rise fall temperature half the total varia- 
tion. 

The speaker not familiar with the details the automatic ad- 
justment the trolley wire used the Blankenese-Ohlsdorf line, 
other foreign lines equipped with the secondary catenary, but thinks 
should not necessary run the comparatively inflexible trolley 
wire over the adjusting pulleys, this might avoided attaching 
flexible wire which would permit the use pulleys moderate diam- 
eter. 

The elastic limit, from 40000 45000 assumed for trolley 
wire having ultimate strength from 50000 60000 lb. per sq. 
in. seems rather high, and the maximum stress about Ib. 


*This discussion (of the paper Joseph Mayer. Am. Soc. E., printed 
Proceedings for December, 1907), printed Proceedings order that the views 
expressed may brought before all members for further 
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per sq. in. the trolley wire under dead load, plus 6.0 lb. wind pres- 
sure, plus bending the wire, does not give the contact wire the 
saddle suspension the same factor safety that used designing 
first-class railroad bridges. 

parallel condition that many railroad bridges would dead 
load, plus ice in. thick, plus per sq. ft. for wind pressure, plus 
lateral bending; the total stress from which would exceed 26000 

Assuming that the single catenary and the trolley wire supported 
designed with suitable factors safety, and constructed 
give satisfactory operation, the extra expense the messenger 
wire and hangers may justified safeguard prevent falling 
wires and the troubles incident them. 


Rurus Am. Soc. E.—Mr. Mayer has de- 
veloped very interesting construction which hoped may 
have practical trial the near future. the same time, should 
noted that the excessive stresses feared Mr. Mayer not always 
develop the older forms suspension. Undoubtedly, long level 
tangents, with heavy anchoring, there would heavy stresses low 
temperatures, the trolley had been well pulled warm weather, 
but, matter fact, grade changes and curves offer relief, and 
trolley pulled tension Ib. summer apparently does not 
materially this stress winter under usual conditions, owing 
the yielding supports. Where trolley hung slack, however, the 
changes length are chiefly taken the sag, and here adjuster 
may desirable; but, certainly New England, such device must 
else receive constant attention order meet the 
rapid and large changes temperature that climate. 

system counterweights offers the ideal method securing 
uniform tension, and there little difficulty arranging bell-cranks 
splicing into the trolley section steel strand, the trolley 
itself too stiff lead direct the counterweights. must ap- 
parent, however, anyone familiar with trolley wire, that Mr. 
figures and practical conditions not agree. 

determine roughly the flexibility 0000 gauge hard- 
drawn, grooved copper trolley wire, the speaker arranged crude form 
the “Atwood’s machine,” physics, the trolley wire forming the cord, 
and the head sheaves dumb-waiter the wheel. (Plate 
Balanced weights were hung from the wire, and then one side was 
loaded until motion was made for the con- 
siderable friction the wheels used. 

With pulley in. diameter the root the groove: 127 
each side required lb. additional one side move; 232 
each side required lb. additional one side move; and, 792 
each side required additional one side move, 


Mr. Coombs. 
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With wheel in. diameter: 232 each side required 
lb. additional one side move. 

With wheel in. diameter: 127 lb. each side required 
additional one side move; and, 324 each side required 
155 additional one side move. 

The Blankenese-Ohlsdorf trolley described* grooved wire, 
having gauge practically equivalent 0000; Mr. Mayer gives the 
area 100 sq. mm., which 33% less than the area the wire used 
the foregoing rough test. 

For assistance the tests, the speaker greatly indebted his 
assistant, Mr. John Trumbuli, and Messrs. Blakeslee and 
Sons, Contractors, New Haven. 


Street Railway Journal, April 1907. 
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Henry Seaman, Am. Soc. (by may too Mr. Seaman. 


carly yet for Special Committee advise the proper column 
formula used structural work, but Mr. Worcester’s paper 
brings one step nearer its appointment. 

the writer’s mind, there never has been sufficient reason for 
abandoning the Rankine formula. The basis its formation the 
provision that column receives both direct strain and bending strain. 
The direct strain readily provided for, and the effect bending 
found experiment, the results which are used determining the 
coefficient would seem better plot the results these tests 
upon the basis ultimate strength, rather than working strength, 
keeps the mind more directly the actual data observed. The 
formula can then modified for working strength, either taking 
certain proportion the numerator factor, other modifica- 
tion, preferred. 

should remembered that details are designed upon assumed 


value 12, where equals the length and the least diameter 


solid column. designing columns, therefore, greater 
strain should not permitted than that for which the details are de- 


signed, that is, for less value than 12. This serves, Mr. 


This discussion (of the paper Worcester, Am. E., printed Pro- 
ceedings for January, 1908), printed Proceedings order that the views expressed 
may brought before all members for further discussion. 
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Worcester has expressed it, truncate the formula for very short 
columns. Since the Rankine formula, however, provides for bending 
well compression, conforms with the tests long columns bet- 
ter than does the straight-line formula, and, for that reason, the 
writer’s mind, the most valuable formula have. There has never 
seemed any excuse for the adoption straight-line formula, 
except simplicity plotting and ease memorizing. Confessedly, 
dces not conform tests long not applicable beyond 
certain restricted limits, and finally, since involves instead 
cannot used readily without the assistance tables; yet tables 
will assist equally well with any formula. 

recent study the tests mentioned Mr. Worcester has led 
the writer adopt the following formulas: 


For Steel and Wrought Iron: For Cast Tron: 
a a 


Mr. Worcester very properly calls attention the fact that the 
failure column occurs when begins cripple, while, with the 
tension member, allowed time rest, the material becomes even 
stronger because the work overstrain which has received. This 
would enable permit higher factor safety upon tension mem- 
bers than upon compression members, were not for the fact that 
permanent elongation tension membef would deform the struc- 
ture such extent change the strains for which was de- 
signed, and possibly cause failure that account. must also 
remembered that the element fatigue—and possibly that moment- 
ary impact—need not considered the bending the column, 
and therefore the extra material used, order prevent bending, 
additional factor safety, which the tension member does not 
possess. 

The recent tendency structural design seems increase 
the live loading given factor order derive equivalent 
static strain, and then design the parts for these static strains, 
rather than the old method using factor safety cover defects 
material, increase, and extraordinary effects loading, etc. 
the live-load strains can increased cover all possible con- 
tingencies, and dead load can assumed which will not ex- 
under any circumstances, would seem safe place the 
strain one-half two-thirds the elastic limit. 
this basis that long-span bridges are designed; and, the 
formula which this factor would vary with the various lengths 
span, the same method proportioning could adopted for shorter 
spans. Future specifications will probably tend the direction some 
such method design. 
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need hardly offer apology for continuing the agitation con- 
cerning compressive stresses allowed designing structural steel- 
The writer, from the beginning his and fact during his 
college course, has been decidedly the numerous formulas for 
allowable safe compressive stresses, and had begun believe that most 
“rational” formulas were made assist the designer 
making comparatively safe guess. The question arises, however, 
whether all the commonly accepted formulas really give the 
safety that desired and assumed exist. 

Schneider, Past-President, Am. Soc. E., has frequently 
ealled attention the fact that the limit, and not the ultimate 
strength, should especially considered deciding the real factor 
safety. This gives, for tension, and supposedly for compression, 
real factor approximately the basis per sq. in. 
for static loads. The writer agrees with this, particularly where com- 
pression involved. 

the light recently published data experiments full-sized 
compression members, would seem that this real factor safety 
had even been seriously encroached upon, leaving far too lean 
margin safety for structures where human life stake. When 
one the astounding results Mr. Buchanan’s tests,* where 
the fiber stress crippling, even for so-called “short” columns, was 
below the accepted limit, seems high time consider 
reducing the allowable unit stress for compression below that for ten- 
sion, even though the modulus elasticity and the elastic limit appear 
the laboratory, and doubt are, approximately the same for each. 

Most railroad bridge specifications insist that compression mem- 
ber shall have length exceeding 100 times its least radius gyration, 
except for bracing, where ratio 120 may used. other words, 


main compression member which the 100, will carry safely 
Ib. per sq. in., whereas the use main member which the 


greater than 100 disapproved. This according standard 


straight-line formula, and seems that the use very “long” columns 
not discouraged the extent that should be. 

not then the really “rational” formula one which gives com- 
paratively low results for the allowable fiber stress for the longest 
consistent with good design, and errs the side safety 
for the exceptionally short strut? Mr. Worcester’s proposed 
formula seems fill these conditions, and while may not perfect 
its present form, surely step the right direction, and fur- 
basis for truly sensible formula. With his customary 


*Engineering News, Vol. pp. 685-695, 
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Mr. Cowles. modesty, the author the proposed formula has failed point out 
its commendable features. The writer suggests the following: 


(a).—Reducing the allowable stress for “short” columns 
give reasonable factor safety; 

(b).—Discouraging the use columns which the greater 
than, say, 100; 

the allowable stresses, for columns which the 
ratios lie between and 90, figures which are 


slightly below the average results, shown 
tests. 


Mr. Emmons. Emmons, Am. Soc. (by writer 
much interested this paper. Mr. Worcester’s plotting the re- 
sults actual tests, reduced safe working factor, and also his 
plotting the several column formulas, the same reveals very 


graphically the inconsistencies and the wide divergencies these 
formulas. 


The writer not fully impressed with the idea formula 
being self-limiting the highest allowed value attempting 


that, the author’s curve appears inconsistent with the 
tests would straight-line formula. The writer realizes that 


formula should such form that, the allowed value not 


fixed arbitrarily, will yet wise dangerous, for the reason 
that someone with more “nerve” than judgment, through ignorance 


000 


the limit. This danger was just lately brought the writer’s atten- 
tion case where, for compression members, more than ft. long, 
having stress about 4000 prominent engineer used single 


angle in. The more than 300, and yet, according 
the formula, should carry the load safely. 

The use any formula which may based series observa- 
tions, like those given the author, should not, with confidence, 


pushed very far beyond the limits those observations. Such 


formula, however, should take full advantage what indicated 
safe those observations. 


Again, the formula proposed the author, where one would 


practically limited 112, would prohibitive, many classes 


work, especially for secondary members. 
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view these considerations, the writer would prefer the use Emmons. 


parabola with values, say, 000 With the limiting 


allowed value prescribed. The formula practically self-limit- 
ing 150. will observed that this curve gives practically 


the same values the circle and from that point 


follows the tests far better, taking advantage what the tests indicate 
safe, and yet case becoming dangerous. 


paragraphs this paper give the impression that the author 
attaches slight importance theory regard columns. Would 
not well discriminate somewhat this regard? unfortunate 
that single word, “Theory,” popularly used (with the sanction 
the dictionaries) designate body the fundamental principles 
underlying any science application science,” and the radically 
different conception proposed explanation designated account for 
any phenomena,” matter how visionary the assumptions, fallacious 
the argument, foolish the conclusion. natural and proper that 
many the proposed explanations the behavior columns should 
held light esteem, but highly desirable that engineers should 
understand and apply the principles mechanics the design 
columns. Without such understanding, the phenomena observed 
practice and the numerous compression tests are considerable 
extent set seemingly discordant facts. 

Referring the fact that the practice steel designers with re- 
gard columns may well bear further consideration, the author states: 

“The reason for this that all ‘rational’ column formulas, based 
the properties steel, are founded considerations which 


are applicable only ratios length radius gyration far beyond 
those allowed actual construction.” 


difficult reconcile this statement with the analyses and 
equations developed Euler, Cain, Fidler, Marston, Johnson, 
Moncrieff, and others who have determined important facts regarding 
short well long columns reasoning based the elastic prop- 
erties steel and iron. The names Tredgold, Gordon, and Rankine 
have purposely been omitted from this list for the reason that the 
formula which they, successive steps, developed based the 
erroneous application columns the principle, strictly applicable 
beams, that the greatest possible deflections within the elastic limit, 
beams similar section, manner loading, and end conditions, 
are proportional the squares their lengths multiplied the elas- 
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tic limit. columns, under analogous conditions, the greatest de- 
flections within the elastic limit are proportional the squares their 
lengths, multiplied, not the limit, but the differences be- 
tween the elastic limit and the mean compressive stresses the various 
columns. 

Euler’s formula applies only long columns, but should 
included among those who, analysis, have determined facts 
short columns, for the reason that his formula carries with the 
necessary consequence that, under ideal conditions, columns which are 
too short have Euler’s formula apply them will have uniform 
distribution stress and deflection, the elastic limit, con- 
dition which sometimes closely approached laboratory tests. 
practice, course, the conditions may far from ideal, but Fidler, 
Marston, Johnson, Moncrieff, and others have made valuable and 
instructive analyses the effect, within the elastic limit, departures 
from ideal conditions. 

The author objects the practice using the elastic limit the 
strength without regard the ultimate. When rest oc- 
curs between the periods straining beyond the yield point, the elas- 
tic limit, which first somewhat below the yield point, can 
raised somewhat above it, thus making permanent gain strength, 
the usefulness which greatly lessened the fact that when 
structural steel the usual quality overstrained becomes very 
ductile. 

When only small portion steel member overstrained, and 
the conditions are such that very small flow the ductile metal 
brings relief, the overstrained steel, regaining its elasticity during 
rest, accommodates itself the conditions with comparatively slight 
distortion. Thus ductility, combined with the recuperative powers 
the steel, may useful adjusting the length and shape members 
and details, and raising the strength pins, but the stress 
over the entire cross-section member even slightly greater than 
the yield point, and there other direct path for follow, the 
member, compression, will buckle, unless very short and stiff, 
and, tension, will elongate much that will not only ir- 
reparably injured, but will cause ruinous distortion the remainder 
the structure, and possibly the failure some adjacent compression 
member, the supposed weakness which the disaster may 
erroneously attributed. 

Between ruinous distortion and collapse there great difference: 
Ruinous distortion means the loss the structure, while collapse may, 
addition, cause great damage and loss life. The possession 
strength excess the yield point, even though but temporary, 
is, therefore, some value, and somewhat higher unit stress could 
allowed members which possess than those which not. 


7 
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should remembered, however, that even tension member, from Prichard. 


some action which starts from nick, flaw, jagged edge, thread, 
rivet hole, some detail from distinctive point, may break 
without marked elongation, especially under shock. 

There analytical method which strength within the elastic 
limit can equated with strength beyond it, but, other things being 
equal, would not advantage 4000 per sq. in. fully offset the 
absence any strength there may highly ductile metal beyond 
that limit? assist considering this question, the elongations 
beyond the yield point during test fairly typical eye-bar are 
submitted Table 


Load per ELONGATIONS: Load per ELONGATIONS: 
Inches. Percentage. Inches. Percentage. 
35 000 0.55 0.02 45 000 | 6.92 2.64 
000 2.07 0.79 000 9.75 3.72 
837 000 2.75 1.05 55 600 13.60 5.17 
38 000 3.77 1.44 60 000 20.63 7.84 
39 000 4.21 1.60 | 64 410 | 38.25 14.6 
40 000 4.56 1% 56 710 40.65 15.5 


| 
| 


strain 4500 lb. per sq. in. excess the yield point, with 
percentage elongation equal the percentage the bar cited, 
ft. high, would cause distortion the bridge, one panel length, 
This would severe test the floor system and top chords. 

The relation the yield points compression those tension 

was well shown set comparative tests the late Charles 

Marshall,* Am. Soe. E., synopsis which given Table 

Table the strength the steel increases, general way, 
the size and thickness the sections are reduced. similar variation 
the strength wrought iron was shown, tests made the United 
States Board Testing Iron and Steel,t due reduction 
rolling. most cases, the results for compression are each average 
two tests, and for tension, three four tests. The average 
the yield points given Table for compression per sq. 
in. greater than for the corresponding results for tension. The results 
these tests cannot applied directly tension eye-bars. The 
fact that eye-bars are annealed puts them different class from 
material comes from the rolls, the steel softened, some the 
good effects rolling are taken away, and the proportion yield 


Transactions, Am. E., Vol. 68. 
Vol. 1881, pp. 35-45. 
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point ultimate lowered, especially the bars are cooled slowly. 
Except rare cases, steel comes from the rolls will have yield 
point tension exceeding 55% its ultimate strength, while the 
average all the tests (some 570 more) full-sized eye-bars, made 
during the last few years the Ambridge plant the American 
Bridge Company, gives yield point equal 524% the ultimate 
strength the full-sized bar, with variations above and below this 


percentage. not wise count yield point more than 50% 
the ultimate strength the bar. 


TABLE 2.—Comparative Tests, TENSION AND COMPRESSION. 


All from the same blow Bessemer steel came from the rolls. 


YIELD POINT. 


Size and shape Tension: 

test piece. Compression, pounds per 

pounds per square inch. 

square inch. Inpounds per Percentage 
Not given. 417 65.8 527 
in. square............ 845 273 64.7 427 

in. square....... 300 060 60.4 973 
in. round....... 460 747 60.8 040 
Not given. 397 59.1 700 

in. square........... 940 310 Not given. 
134 in. square .......... 630 193 57.5 400 
Not given. 820 57.0 342 


appears from the foregoing that the higher yield point com- 
pression, steel comes from the rolls, compared with the yield 
point annealed eye-bars, would about offset the advantage which the 
latter possesses some temporary strength excess the yield 
point, even when the same ultimate tensile strength specified for 
the eye-bars, determined full-sized tests, and steel for compression 
members, determined specimen tests. comparison between 
the strength steel compression and the tensile strength built 
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steel members different matter, and introduces somewhat differ- Mr. Prichard. 
ent set questions. Few engineers, however, unless they are opposed 

pin connections, would permit higher unit stress for the net 

built tension member than for eye-bar. 

With the exception columns made pipes and single angles, 
practically all columns are built sections and plates. The rivets 
are usually assumed fill the holes and take the place, far com- 
pression concerned, the sections they replace. matter 
fact, they not completely fill the holes, and very doubtful 
whether they wholly make good the loss section. They are seldom 
placed closer than average in., and probably they are more 
than half effective the metal they replace. this basis, the 

allowed stress per unit gross section column area would about 

the allowed stress per unit net section tension; 

that is, lb. per sq. in. allowed tension, 14000 lb. would 

limit for compression. There are other considera- 

tions, however, chief which the weakening influence slender- 
ness either the column whole, its details. 

Notwithstanding the large number tests that have been made 
the endeavor determine the influence slenderness (Moncrieff, 
his paper “The Practical Column,” cites more than 1000),* the 
practice engineers this regard, shown the author, very 
diverse; from which would appear that the lessons taught the 
tests are not very definite, that they have not been generally under- 
stood. 

knowledge the principles involved great importance, 
both guide the making useful tests and key under- 
standing the phenomena observed. The theory columns has been 
partially developed correct analysis, but has frequently been 
elaborated much that the essential facts have been buried under 
what Trautwine called “heaps mathematical rubbish.” may 
well, therefore, present concise analysis the influence length 
and the strength and stiffness columns. 

Consider column with frictionless hinged ends, length, and 
radius gyration, with constant cross-sectional area, subjected 
longitudinal load, intensity, acting with intentional 
centricity, and accidental eccentricity, 


consequence the eccentricity, there will primary inten- 
tional bending moment, primary accidental bending moment, 
flection. The value can obtained from the well-known equa- 
tion: 

(1) 
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which the modulus elasticity and factor which varies 
with the shape the moment diagram. 

The moment diagram can divided into two parts, the diagram 
primary moments and the diagram secondary moments. For the 
determination the deflection due the secondary moments, the 
value will vary between limits which the upper and the 
lower depends the form the primary moment diagram: 
rectangle, the lower limit will 9.6, while, the shape 
bow, the lower limit will approach very close the upper limit, 
about 9.87. The limits are narrow that can taken 
without serious error. 

For the determination the deflection directly due the primary 
moment, the value will vary according the conditions, but, 


2 
for convenience, may designated the cause the primary 


bending moment the eccentric application the load, will equal 
1.234, and will equal but, the cause bow-shaped bend 
the axis the column, will approximately equal unity. 
the applications made subsequently this discussion, taken 
equal 1.234, which, some cases, trifle high. The resulting 
stresses and deflections, therefore, are trifle high, especially for the 
higher ratios r.) 

Substituting the primary intentional, primary accidental, and sec- 
ondary moments Equation gives 


simplify the development, let 


This Euler’s formula, and, facilitates the application the 
final equations have the values which may termed modulus 


rupture, determined for various values and tabulated, Table 


submitted. 
Substituting for its value Equation and reducing, gives 


(4) 
Hence the secondary moment 


Let the distance from the neutral axis the extreme fiber 
the concave side the column. 

The stress from bending, the extreme fiber the concave side 
moment 

the extreme fiber the concave side, 


the column, 


Hence, the combined stress 
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investigating physical laws, the work the study and the 
laboratory should complementary—a proposition generally conceded, 
but practiced too little investigating the mechanics structures. 


Values the modulus buckling, 


000 000 Ib. per sq. in. 


| | 
| | 
591 360 102 182 641 
423 400 106 473 186 
365 080 108 549 188 098 
318 020 110 655 190 
247 590 114 024 194 605 
220 850 116 271 196 
198 210 118 556 198 301 
162 260 122 230 202 
147 840 615 204 878 
260 126 029 206 745 
124 230 128 469 208 616 
114 490 130 936 210 490 
105 850 427 212 868 
155 134 940 214 250 
083 138 029 218 023 
506 140 608 220 914 
459 142 195 222 808 
212 152 388 232 318 
268 154 068 234 227 


From Proceedings, Engineers’ Society Pennsylvania, July, 1907, 341. 
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substantiate Equation which differs form, but actually 
similar one given Moncrieff,* comparison submitted between 
the deflections therefrom and the actual deflections tests 
made the Watertown four wrought-iron columns; two 
consisting two 8-in. channels and one 12-in. cover-plate; and two 
two 10-in. channels and one 13-in. plate. both cases the columns 
were latticed the side opposite the plate, the length was radii 
gyration, the load was applied three 4-in. pins right angles 
the webs the channels, and placed the center gravity the 
channels. The modulus elasticity was assumed 000 000 and 
the value correspondingly determined 600 


TABLE 


1632: 
e= 1.,621N. 


1633: 
e= 1,641N. 
A = 17.72 sq. IN. 


Calculated. Actual. Calculated. Actual. 
000 0.02 0.00 0.02 0.00 
20 000 0.05 | 0.01 0.05 0.01 
000 0.12 0.10 0.12 0.09 
100 009 0.27 | 0.22 0.27 0.21 
200 000 0.61 0.54 0.61 0.51 
250 000 0.83 | 0.77 0.83 0.7 
280 000 0.97 | 0.95 0.97 0.91 
350: 
1.7™. e=1.81N. 
Load. 
in 
Calculated. Actual. Calculated. Actual. 
| 
| | | 
10 000 0.04 | 0.0 | 0.03 0.0 
000 0.07 0.06 0.2 
50 000 | 0.19 | 0.14 | 0.17 0,12 
100 000 0.4) 0.37 | 0.38 0.32 
150 900 0.69 0.67 0.64 0.58 
180 000 0.89 0.90 0.838 0.82 
200 000 1.03 1.20 | 0.98 1.05 


Transactions, Am. E., Vol. 359. 
Reports for 1883, pp. 167 and 168; and 1884, pp. and 55. 
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Considering the fact that, making the comparisons Table mr. 


allowance was made for unintentional eccentricity pin friction, 
the agreement close could reasonably expected. Moncrieff, 

with his equation for deflection, previously referred to, 

gives large number comparisons between deflections obtained 

applying his equation, and those observed tests, which tend strongly 

establish its substantial accuracy. 

The maximum compression the extreme fiber the column 
bearing the test number 1632, has been calculated for the ultimate load 
Equation which gives 600 lb. per sq. in. 

The amount the unintentional eccentricity will fluctuate greatly 
practice, but, devising rational formulas for use designing, 
direct application through empirical formulas founded 
them, the greatest amount which reasonably possible with ordinary 
eare should assumed. The amount assumed should cover inac- 
boring pin holes, the shift the position the axis from 
over-runs, and shortages sectional area compared with the area 
the sizes specified, inequalities the modulus elasticity dif- 
ferent parts the cross-section, curves kinks the axis, and 
potential curves kinks the axis from the relief internal stresses. 
Owing internal stresses produced cold-straightening otherwise, 
the metal likely overstrained spots before that the 
main body the column reaches the elastic limit. The internal 
stresses may relieved some extent overstraining followed 
rest, but the column likely have permanent deflection re- 
sult thereof. From some causes, such inaccuracies pin holes, 
short columns are likely have much accidental eccentricity 
leng ones; while, from other causes, such initial curvature the 


axis, the probable limit will vary with the length. The 


following value for the factor, Equation suggested: 


For ordinary built columns with pin connections, which the 
Equation is: 

For column with radius gyration and length 500 
in., the given Equation about in. 

From Equations and formula can deduced which will give 
the load, per unit column area, but such formula not sub- 
mitted, for the reasons that complicated and difficult ap- 
plication that practical value, and the results which gives 
for having length less than 100 radii gyration can 
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Mr. Prichard. closely short empirical methods. The method sug- 
gested follows: 

For structural-steel columns with hinged ends, the stress per square 

pounds, the most compressed fiber, from combined direct 

compression and intentional primary bending moment, shall not exceed 


Factor required. 
For factor 2.5, the expression becomes 


From Equations and evident that the minimum value which 
can assigned for the stress from the accidental bending moment 
0.1p, from which follows that limitation 35000 per sq. in. 
for combined direct compression and intentional primary bending 
moment corresponds limitation 500 lb. per sq. in. for stresses 
from all sources. Hence, proportioning Equation with factor 
one for maximum possible loads, gives results closely accord with 
theory, claimed, the stress per square inch columns thus pro- 
portioned, determined Equations and should close 
How close they come this amount shown Table 


TABLE 5.—Maximum Stresses Square DETERMINED 
(Equation Factor Various LENGTHS AND 
INTENTIONAL 


THE INTENTIONAL PRIMARY BENDING STRESSES, IN TERMS OF THE 
LOAD, ARE GIVEN AT THE HEAD OF EACH COLUMN, 


Pounds. Pounds. Pounds. Pounds. 

0 38 500 | 88 200 37 300 86 750 
25 39 100 39 000 38 100 37 300 
v6) 39 400 | 39 800 38 500 | 36 300 

100 38 700 | 38 800 33 900 j 30 700 


The agreement between theory and rule, indicated Table 
close, except for long columns and great eccentricities, for which the 
rule requires heavier column than theory. 

Some opportunity for comparison between the theory and assump- 
tions outlined the one hand and experiments the other afforded 
the tests mild steel columns with pivoted ends made Professor 
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Tetmajer.* the columns tested, the lengths did not exceed Mr. Prichard: 
100 radii, and they were loaded without intentional eccentricity. The 


ultimate load all cases was greater than indicated Equation 
and less than required under ideal conditions for elastic limit 
41000 Ib. and modulus elasticity 29000000 lb. Table 
comparison the ultimate loads given Equation and the lowest 
the ultimate loads shown the tests. 
TABLE 
Pounds. Pounds. Pounds. Pounds. 
For columns greater length than 100 radii gyration, stiffness 
rather than strength the governing consideration. For this reason, 


the loads allowed Equation are preferable those allowed the 

theory column strength. 

show the relative stiffness columns 100 radii and longer 
length, when proportioned Equation with factor one, the de- 


flections have been determined Equations and for columns with- 
out intentional eccentricity, with radius gyration one, and 


various lengths shown Table 


TABLE 
Length, Deflection, Ratio Length, Deflection, Ratio 
inches. inches. length. inches. inches. length. 
110 0.550 1:200 130 1:400 


will noticed that the loads allowed Equation for columns 
length 100 radii gyration are about one-sixth greater than 
those allowed the author, but that there radical difference for 
longer columns. The objection among engineers columns longer 
than 100 radii largely sentimental. For the same load, column 
with length 120, 130, 140 radii, proportioned Equation 10, 
consequence its greater sectional area, stiffer and stronger than 
one length 100 radii. 


Transactions, Am, Soe. Vol. XLV, 404, 
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For derricks, poles, and other equipment used building and erect- 
ing, much longer struts are used than bridge work, and, when the 
loads are kept within rational limits, the flexibility the struts, 
permitting them absorb impact, element safety. the 
ordinary affairs life, long struts are used matter course. 
The engineer who becomes alarmed long struts structures will 
bear his whole weight walking-stick, many times flexible 
horizontal and inclined struts for the stresses from their own weight. 
The frequent neglect make such provision long struts has doubt- 
less had something with the prejudice against them. 

regards columns, the greatest need for caution to-day pro- 
portioning short stiff ones, which, engineering public accus- 
tomed gauge permissible unit stress the ratio length radius 
gyration, have appearance strength not borne out their 
details, and, their ends are square fixed, they are subject 
strains from imperfect butt joints, secondary stresses produced 
the deformation connecting floor-beams, ete. Such stresses are 
greater for short than for long columns, account their greater 
stiffness. consequence these facts, suggested that the 
average load from direct compression per square inch cross-sectional 
area should not exceed 000 Ib. 

With the double requirement Equation and limi- 
tation for direct compression, the permissible loads are plotted 
seale for various ratios the line indicating the maximum 
permissible loads will suddenly change its direction length some- 
what less than 41r, depending the amount the primary bending 
moment. This feature which the author seems consider objec- 
tionable. entirely natural, however. different condi- 
tions govern the strength very short and very long columns, and 
the loci representing the loads under these radically different condi- 
tions will intersect sharply. there intentional primary bending 
moment from eccentricity transverse loading, lb. per sq. in., 
unreduced, will govern for columns shorter length than 41r, and 
Equation for columns greater length, but there inten- 
tional bending moment, both requirements should applied de- 
termine the governing one. 

One the assumptions from which Equation was developed 
was that frictionless hinged ends. When there primary bend- 
ing moment, any friction the pins, according strict theory, will 
fix the ends; hence, not surprising that friction very 
potent increasing the resistance columns direct load 
fully devised and conducted tests. Such friction, however, very 
poor reliance practice, may overcome little eccentricity 
shock. 
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Under ideal conditions, column with strictly fixed ends has the mr. Prichard. 
same strength column half its length with the same cross- 
and pivoted ends. practice, however, the assumption fixed 
ends never wholly realized. The appearance having the ends 
frequently deceptive, compression members opposite 


joint may deflect opposite directions such way that 

point contrary flexure comes very near the center the joint, 

vhich condition equivalent pivoted ends. For this reason, 

casement the reduction for length, given Equation 10, 

designing new columns with seemingly fixed ends. 
determining the safe strength column existing structure, 

however, evident that the ends are well fixed, might as- 

long and had frictionless hinged ends. For such assump- 

‘ion, Equation would become: 

Allowed compression per square inch any fiber from combined 

compression and intentional primary bending moment for 

columns with ends fixed equals 


Factor required. 
comparing this discussion with the writer’s paper,* entitled “The 
Proportioning Steel Railway Bridge Members,” will noticed 
that the greatest compression now recommended one-fifteenth less 


than the paper referred to, addition which limitation for 
direct compression 000 per sq. in. now recommended. This 
change the result further consideration the subject, the 
light the Quebee Bridge disaster and the general discussion regard- 
ing columns which followed it, including the paper Mr. Worcester. 
should stated, however, that has always been the writer’s prac- 
designing columns give close attention the details and 
the make-up the section, and make liberal reduction the 
allowed unit stresses when the unsupported width plate exceeded 
times its thickness. The following requirement the unsup- 
ported width plates suggested: 
the unsupported width, any plate column more 
than times its thickness, the permissible stress, given Equa- 
tion 10, shall reduced multiplying the following expression: 
000 
compilation results tests full-sized wrought-metal compres- 


*Proceedings, Engineers Society Western Pennsylvania, July, 1907. 


Mr. Horton. 


sion members very interesting and instructive, and opportune. 
There awakened interest the subject this time. 

While the writer approves unhesitatingly Mr. Worcester’s criticism 
using excessive unit stress members with short radii lengths, 
knows physical reason for limiting compression members 
length 100 radii. 

Mr. Worcester has chosen make his platting tests for steel 
the basis four-fifteenths the ultimate strength. For obvious rea- 
sons, the writer uses the same. Mr. Worcester has used per 
sq. in. his unit value compression, and the writer naturally uses 
the same stress, with the reservation that the unit stress (tension) 
the compression, that is, 000, this case. 

The diagram, Fig. gives all the tests steel members shown 
Mr. Worcester, also tests six members* Waddell, 
Am. E., and seven testst Mr. Buchanan, and, further, 
six tests the Chicago Bridge and Iron Works, 
angles. 

this diagram straight line drawn through the center 


gravity the group tests, and expressed 11300 also 


the formula for loading, indicated Strobel, Am. Soc. 
E., his paper, “Experiments Upon Z-Iron wherein 
was first laid down the necessity “sawing the unit stress for 
short radii length, this case 000 lb. per sq. in., and also the first 


appearance the straight-line formula, which was 600 


The writer has platted Mr. Worcester’s formula, based 000, 
and, protest against the attempted “amputation” for radii lengths 
more than 100, there also platted the Hodgkinson-Gordon-Rankine 
formula, given Mr. Worcester, based 16000, with lower di- 
visor 8000. will noticed that the platted lines come tangent 
radii, and the two curves come somewhat above the center 
gravity the tests. However, these values are high for short radii 
lengths, clearly indicating the necessity “sawing off,” the writer 
offers the Hodgkinson-Gordon-Rankine formula, based with 
lower divisor 12000. When “sawed off” two-thirds the unit 
stress (that is, 10666 lb. per sq. in. the ultimate value com- 
pression), and intersecting the curve radii length, looks both 
sane and safe. 

The curve produced platted, clearly indicates what intended, 
value well below the average the tests, and the value reduced 
that one may believe reliable the radii lengths are 
even 200. 
*The record these tests appeared Engi January 16th, 1908. 

+Engineering News, December 26th, 1907. 

tTransactions, Am. Soc. E., Vol. XVIII. 108. 
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The limitation 100 radii length compression members can only 
urged because our want knowledge, but practice and experi- 
ence show that the greatest hazards are with short radii lengths, due 
want proper proportion and parts, and the tendency 
toward using material which too thin. 

Unfortunately, engineering discussion the unit value 
compression members has been almost entirely formulas, and not 
the physical column. 

the physical compressive member, Mr. Buchanan gives re- 
port, with full details tests destruction, nineteen full-sized 
bridge members built for actual use structures—twelve iron 
and seven steel. The first noticeable thing that radii length has 
significance, fact, members having length radii were 
strong any tested, and much stronger than many less than 
radii, and members and even 120 radii were good average 
the whole group tests. 

The average ultimate strength seven steel columns 31900 
per sq. in. The average crippling strength lb. per sq. in.; 
the average limit 700 lb. per sq. in. 

The ultimate strength, crippling strength, and limit, the 
foregoing tests reported, indicate value scarcely more than 
50% the value the steel tension. This startling, with our 
knowledge specifications permitting the use steel short radii 
lengths for approximately the same stress tension. Mr. 
Buchanan’s tests are given Table 


TABLE 
Average 

Crippling load. 

tests, trough and channel col- 


The four Z-bar columns lack, average from the computed 
crippling load, essentially half much did the fifteen trough and 
channel sections (the last with less than half the radii length), and 
yet they actually stood greater load. 

From the photographs the members taken after the tests, 
seen that four Z-bar column struts yielded whole flexure. The 
fifteen other members yielded some order wrinkling failure 
individual parts. further noticeable that the sections the 
columns were much thicker, relatively. clearly apparent 
that compressive members which fail wrinkling fail less load per 
unit than those which fail flexure. 
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the photographs the material, after the tests Mr. Waddell mr. Horton. 


veferred above (all the same cross-section), noticeable that 
radii long failed flexure while those radii long failed 
wrinkling. From the Buchanan tests there abundant evidence 
that the best results are obtained when the member yields 
flexure. From Mr. Waddell’s tests there evidence that, for the 
results radii, the material must needs thicker than for 

While the radius gyration has use, indicating the value 
strut, there much show that there are many other conditions 
importance the radii length. 

The radius gyration will modify and hold check any disposi- 
tion use material undue thickness, but the radius gyration has 
held check unless too thin material used. The radius 
transverse element the column may used such 

The composite nature the compression member directly reduces 
its unit value, compared with tension, very material amount. This 
directly traceable the possible rivet efficiency connecting parts, 
and undoubtedly fact that rivets are driven much too far apart. 
Two three times many rivets would surely give better results. 
between multiple plates, plates and angles, form- 
ing compression member, reduce the wrinkling, are 
clearly different from tension connections, and the efficiency has 
considered locally. 

With material half thick the rivet diameter, efficiency 
50% may obtained pitching the rivets diameters; but, 
with material the thickness the rivet diameter, and rivets pitched 
hle. practice, rivets are generally driven with three times much 
here indicated, and the assertion may made that the effi- 
the connection parts rivets scarcely exceeds per cent. 

The cross-section the compression member unquestionably 
significance. The proportions the material the flanges and 
its width and thickness undoubtedly have paramount importance. 

The compression member, with ever-increasing tendency the evo- 
lution design, has developed with one more open sides which 
lattice bars are used. 

The proportions such lattice bars, their connections the 
columns, and their relation force acting through the compression 
member form very material and important element, second none 
the design. the present time, there are the technical press 
many letters from correspondents, with elaborate formulas which 
the modulus elasticity, and the eccentricity. 
eccentricity, arbitrarily assumed, the writer prefers assume per- 
centage the compression through the column, and shear. 


[r. 
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The difference between the eccentricity discussed and the shear 
outlined follows: assumption without refer- 
ence the magnitude amount the force acting the member, 
while the shear direct percentage the force acting the mem- 
ber. One leads the discussion how accurate the workmanship 
the column may be, is. The other asserts the fact that there must 
some relation between the force acting through compression mem- 
ber and its disposition “side-step.” This uncertainty not caused 
faulty workmanship, but comes from want research and 
edge. 

all the years past the whole discussion and the specifications for 
compression members have absolutely ignored both shear and eccen- 
tricity items consider, except what has appeared within very 
short period, and there evidence that our workmanship has espe- 
cially deteriorated the immediate past, but there reason hope 
that our knowledge design may enlarged. 

Figs. are given order indicate the eye the relation 
various sections expressed the radius gyration; each section 
has the same cross-section, namely, sq. in. 

Fig. hollow square, in. side, metal in. thick, 

Fig. hollow square, in. side, metal in. thick, 

Fig. hollow square, 103 in. side, metal in. thick, 

hollow square, 12? in. side, in. thick, 

There are changes the radius gyration from with 
the same cross-section, with diminishing thickness the material, 
and increasing unit value the material all compression 
formulas. 

Figs. 15, inclusive, are interesting indicating sq. in. 
section, quite familiar shapes, with radius gyration 

Appended compression formulas quite usual find limi- 
objected this limitation, and not the radius gyration. 

According Mr. Worcester’s curve, platted for working loads 
columns ft. long, Figs. 15, inclusive, may worked for 
800 per sq. in.; Fig. for lb.; Fig. for Fig. 
for per sq. in.; and Fig. for zero. With this conclusion 
the writer does not agree. Figs. undoubtedly, will carry the 
largest load any the sections, 15, inclusive, ft. long, 
while Fig. will undoubtedly close second. 
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Mr. Horton. The writer would extend the radius gyration the elements 
making the cross-section column, thereby limiting the thick- 
ness the material. The radii length transverse section 
plate should never more than the radii length the column 
which the plate part, is, such parts should used 


decreased unit stress, found substituting the value thus obtained 


the general formula. 

Angles should one-fifth the size the transverse dimensions 
member, and not less than the thickness the plates. 

the case columns with projecting portions, such angles, 


thickness) must doubled and substituted formulas. 

Where part made several thicknesses riveted together, the 
transverse radius such part will taken the radius the 
same though solid and divided the square root the number 
pieces used. 

The radii length lattice panel the pitch the lattice, with 
the radius gyration neutral axis parallel with central line the 
web, built channel similar section, never exceed the 
radii length the entire member. The lattice need not exceed two 
diameters the rivet. The radii length the lattice between the 
connections should not exceed the radii length the member which 
the lattice used. 

The lattice should have the ability carry shear, assuming the 
column supported its two ends the center: 

1.—At the unit strains allowed the column itself, assumed 
uniform load equal 10% the load sustained the 
column; 

2.—At unit stress half the above, the weight the column 
itself. 

The writer wishes this time emphasize his faith and belief 
proportion—the “Rule Three” our ancestors. the funda- 
mental basis comparison all things. 

Table outline for five 2-built channel lattice 

Each column exact proportion, the ratio all its 
three (and more) dimensions, the next the series. follows 
once that the cross-section the columns will the square, and, 
for the same radii length, their weight the cube. The writer has 
outlined for the center this group five columns rationally pro- 
portioned 12-in. 2-built channel column having section in.; 
has also doubled it, and doubled again. has also divided the 
12-in. 2-built channel column each its dimensions and 
and this tabulation direct proportion there are five 2-built chan- 
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nel columns. There every reason believe that the 3-in. 2-built mr. 
channel column, part the weight for proportional radii 


the 48-in. 2-built channel column, can investigated with 
reasonable certainty any the group columns that are di- 
rect all their elements, that is, size rivets, size 
lattice, and pitch rivets; and this way that research can 
earried out comparatively trifling cost. With the testing machines 
already available, the truth can developed any all the 
moot questions value cross-sections and radii length. 


TABLE 
) — 
| | | 
| a | oom om D o & 
Table second compilation for five columns having the same 
areas and dimensions the columns Table 
TABLE 10. 


The columns this group will not require testing machine, be- 
eause when have divided down from 48-in. 2-built channel columns 
the 12-in. 2-built channel columns, sq. in. area, and find four 
12-in. plates massed together making in. metal combined 


Mr. Horton. 
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rivets, common sense will indicate that the columns this group 
should not used. 

The “Rule Three” may accepted agent, assist ap- 
proaching the testing machine with columns size and cost that 
may hope for extended research. The “Rule Three” may also 
accepted agent assist our common sense, shown the 
second compilation. 

the foregoing, the writer has attempted point out the de- 
sirability using all the rivet section possible combining the parts 
composite compression member. 

All research which available indicates that the thickness the 
material the rectangular compression member has most with 
its efficieney, thick material being required for short radii length, and 
reducing thickness the radii length increases. 

The piling together relatively thin plates multiple, with few 
tack rivets, and assuming that the mass homogeneous dangerous. 

Some comprehensive proportion stress through the compression 
member must accepted shear, and must provided for; if, 
15-in. 2-channel strut medium size, practice dictates lattice 
weight equal to, say, 30% the scantling weight the member, 
the “Rule Three” will indicate that these same relations must ex- 
tended large small members. 

not formulas that are needed extend our knowledge the 
compressive member, but comprehensive research physical tests. 


curve appears more rational than any the others has plotted; 
still, common with all column formulas, his assumes that the 
flexural stresses only result from the tendency the member 
whole bend, and reduction allowed for the bending 
from the unsupported component parts and other unavoidable bending 
stresses which occur many the compression sections now use, 
and especially those having radii gyration relatively large 
comparison with their areas. 

Strict adherence specified column formula has perhaps done 
very much foree designers use compression members which are 
undesirable nearly every way except that they meet the requirements 
the formula economically regards material. 

All, nearly all, specifications have called for the unit stresses 
columns determined solely the ratio their length their 
radius, the latter from the moment inertia the 
section, without regard whether the lattice (if used) capable 
developing it, whether, doing, secondary stresses are induced. 

The latticed double channel section with flanges turned out, fre- 
quently used for compression members truss bridges, good 
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illustration the incompleteness the ordinary column formula. 
This section generally used because, with given width from out 
out chord gusset plates, will give strut having the largest 
radius, and therefore the highest permissible unit stress; but, in- 
vestigated, will found that the following stresses are almost in- 
evitable such section, and these the column formula takes 
account, and they are practically unprovided for: 

due the flexure the unsupported parts between 
lattice-bar connections, which coincident with that due the flexure 
the column whole; 

due the eccentricity the end connections, since 
the center gravity either channel usually some considerable 
distance from the center the gusset plates; 

due the eccentricity the lattice-bar 
for usually impracticable arrange the bars that they will 
intersect the center gravity the channel; 

IV.—Serious but less determinate stresses are probably induced 
near panel points, where, owing the necessary connections, may 
impracticable ptovide the last few feet important com- 
pression member with either tie-plates lattice bars; and, even when 
center diaphragms are provided, the continuity the lattice system 
broken up, resulting unknown bending moments the member. 

V.—In nearly all bridges, the loads are applied more less the 
inside the trusses, thereby inducing longitudinal shear the sev- 
eral members, which turn must stress the eccentrically connected 
lattice bars, and increase the local stresses, 

the direct stress the member, create distortion and bending when 
the main member under strain. 

Most the foregoing defects are absent are minimized 
bers having plate diaphragms, such H-shapes, which are symmetrical 
about every axis. Secondary bending largely eliminated, and all 
metal resists stress direct lines the applied loads. They are well 
adapted transfer any uneven application load, but, unfortunately, 
owing their relatively small radius, they cannot made figure 
economically flimsy latticed members. 

seems the writer that columns with their several parts tied 
together with solid plates should have more favorable consideration 
than those which are occasionally tied together with redundant and 
stress-inducing lattice bars. 

Mr. Worcester, common with many other authorities, apparently 
attributes advantage fixed ends over pin ends. 

would seem reasonable that members with fixed ends should have 
lengths multiplied some factor (say 0.7) when the allowed 
stress and limiting lengths are computed. 


Mr. Shear- 
wood. 
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Mr. Shear- 


Fig. given example, and shows the direct unit stress 
wood, 


allowed the straight-line formula the American Railway Engi- 
and Maintenance Way Association, which only the 
flexure the column whole considered, and also that permissible 
the flexure the unsupported portions the individual leaf and 
bending from the the lattice bars are also provided for. 


- Length 30 0 


3 | | 8 
by Center of lattice intersections | 3 


Line of application 
of Load 


Radius of gyration. = 5.9" 


of single leaf = 0.92" 
Area of section = 33 sq. in, 
Allowed stress by straight-line formula = 16000 -704 =1172U Ib. per sq, in. 


Permissible stress if some of the other stresses due to flexure are provided for: 


Unit stress 16000 
Deduct for flexure of Column as a whole 4280 
* unsupported leaf 1370 
« bending stress from eccentric 
lattice connection 700 6350 


9650 Permissible Stress 


seems probable that the disregarded secondary flexural stresses 
latticed columns have caused the tests short lengths disagree 
with formulas which are based the compression value 
the metal. devising new column formula, the many inherent 
weaknesses latticed forms should taken into account. Such 
formula would have the advantage discouraging the use ex- 
aggerated forms with redundant metal, and encouraging the use 
members with continuously component parts. 


Assoc. Am. Soc. E.—This paper brings for- 


ward subject which interest, not only engineers who work 
with structural steel, but all constructors who use columns other 
material. 

Believing that there feeling among number engineers 
that the “factor ignorance” regard steel columns has in- 
sufficient margin, the author considers all the available tests, reduces 
them equivalent working values, and plots the results. then 
breaks away from any attempt assume theoretical formula, and 
introduces which agrees fairly well its middle portion with 


Papers. 
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the average the tests, and has the limiting values lb. mr. 


one end and 120 the other. 


shown the author’s diagram, Fig. most the formulas 
now common use indicate considerably higher values than those 
given the proposed curve, and the question once arises whether 
engineers are warranted making such radical reduction. the 
light present knowledge, the speaker does not feel that advisable 
take such step. Many the tests which the author has plotted 
are from twenty twenty-five years old; some them are plain 
shapes, and many them, indicated, are for iron. The present 
practice has been built from these same tests, and attempt, 
perhaps makeshift way, accommodate itself the improved 
conditions manufacture and details, which have changed materially 
since the tests were made. the speaker’s belief that engineers 
would hardly feel justified this increased expense 
their employers clients. 

Although the speaker cannot agree with the author the large 
reduction proposed, nevertheless, feels that some enthusiasts, over- 
confident the supposed knowledge concerning the present state 
manufacturing, have increased the working values beyond safe limits, 
and would suggest that there middle ground. would like 
offer temporary formula, and more less compromise, the 


For the initial point, lb. seems satisfactory value. 
very large proportion the steel now used has average ultimate 
stress 60000 with elastie limit 33000 lb., and the values 
suggested, properly reduced, would come within what is, present, 
safe limit. will noted from the diagram, Fig. 17, 
that this straight line agrees with the author’s plotted tests the 
middle portion fully well the proposed curve, and that would 
practically tangent the proposed curve this position. 

While desirable cut off the column formula some higher 


value the question also arises where this point shall be. Some 


engineers favor 100, others, 120, others, 125, and all them probably 
have had oceasion some time consider columns even higher 


value 125. When such high values become absolutely neces- 
r 


sary, the engineer uses the old formula with discretion. the 
speaker’s that, instead attempting saw off the curve 
some arbitrary point, should made fool-proof giving safe 


values above 200 will seen that the proposed straight line 


1- 


Mr. Rights. 


Carpenter. 


286 DISCUSSION SAFE STRESSES STEEL 


would end 200 and would give fairly low values between this and 


120 


the light our present knowledge, ignorance, the straight- 
line formula would seem adequately accurate for all practical 
use, and the speaker feels that engineers could not better than 
adopt such simple formula until more learned about the subject. 


DIAGRAM COLUMN FORMULAS 
17. 


The speaker’s suggestion would that engineers either stick 
their present formulas, using them conservative manner, adopt 
some simple straight line, suggested herein. New tests are needed, 
not new formulas, and, until these tests become available, would 
better for engineers work conservatively along the lines they have 
been taught. 

Worcester apparently overlooked the fact that full-sized tension mem- 
bers not develop the strength specimen test pieces, and his com- 
parison the ultimate strength full-sized columns with the 
mate tensile strength test specimens, therefore, hardly fair 


| | | | 
| 
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proof the statement that full-sized tension members Mr. Carpenter 
not develop the strength shown test specimens the same material, 
the writer would cite the tests* Greiner, Am. E., 
built-up tension members; the “Tension Tests Steel Angles with 
Various Types End-Connection,”+ Frank McKibben, Am. 
Soe. E.; and any bridge engineer’s records tests full-sized 
eye-bars. 
Table summation the results these tests form 
bring out the point desired. 


TABLE 11. 


FULL-SIZED 
SPECIMEN TESTS. SPECIMEN 
TESTS. 
| gan | SS yr kp 
| 


McKibben’s tension tests single Mila wot 


Average tests eye-bars 


Note.—All test specimens unannealed, those item. 


should stated that, Mr. Greiner’s tests built-up mem- 
bers, Nos. and Series and all Series were excluded from 
Table for the reason that the members all had defective (inten- 
tionally designed) end connections; likewise, only the angles which 
were connected both legs the angle tests mentioned were con- 
sidered; therefore, the results are the most favorable possible toward 
the best development strength. 

The high ratios ultimate strength eye-bars that speci- 
men tests must considered badly offset the low yield-point ratios. 
The yield-point ratios for Mr. Greiner’s angles are certainly not favor- 


Transactions, Am. Soc. E., Vol. 41. 
Engineering News, July 5th, 1906. 
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able the tension side the argument. The other tests Mr. 
Greiner were made members built small sections, which probably 
accounts for the high yield-point values. Following the usual laws, 
lower results for yield point and (in lesser degree) for ultimate strength 
would found the members truss bridges and other structures, 
which are built thicker sections. 

would seem that, excluding eye-bars, would unsafe 
the average ultimate unit tensile strength full-sized tension mem- 
bers more than 0.85 times the corresponding strength test specimens 
the same material; or, assuming 60000 the ultimate unit 
tensile strength structural-steel test specimens, the corresponding 
average strength full-sized tension members would 51000 
Now, put Mr. Worcester’s Diagram Column Formulas the basis 
000 


for steel and 


value has chosen the unit stress for the ratio, (12 000 Ib.), 


will become 14000 (practically). 

Mr. Worcester entirely disregards the effect end conditions 
the tested, treating columns with flat and hinged ends alike. 
This seems rather unsatisfactory, since the theoretical influence 
the end conditions the strength columns well backed 
tests, and, undoubtedly, conditions arise which justify distinction 
this regard. The writer wholly favor single formula for 
bridge work, and that based hinged ends, since this condition 
closely approximated pin-connected members, and the strengthening 
effect greater fixity ends members with riveted connections 
offset unknown degree secondary stresses and unavoidable 
tricity loading. would seem preferable base curve on, 
compare formulas with, full-sized tests columns the end conditions 
which are alike. For building work and special which the 
condition unquestionably realized, formula for columns with 
fixed ends would seem entirely proper. 

Mr. Worcester mentions the tests Tetmajer, Marshall, and 
Christie his excellent paper, entitled “The Prac- 
tical Column under Central Mr. Moncrieff 
gives separate diagrams covering all the important series tests 
columns made, the date the paper, and apparently 
all the tests cited the author. According these diagrams, the 
tests Tetmajer, Marshall, and Christie were very small “full- 
sized” members, generally, such bars in. square, small angles, and 
other shapes and tubes. seems that some should made 
between these (especially the solid bars insignificant size) and large 


*Transactions, Am. E., Vol. XLV, 334. 
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columns, such those tested Bouscaren, Strobel, and the Water- 
town Arsenal. was noted that the particularly low result 000 


lb. ultimate strength for column having was obtained 


the series “55 tests Watertown Arsenal 3-in. square bars (cold- 
straightened), mostly pins in. diameter, eight being pins 
from in. in. diameter,” all wrought iron. would seem 
that such tests should given very little weight this consideration. 
The writer has failed note any test properly-constructed, cen- 
trally-loaded large column which gives any such low result. The 
author’s statement regarding factor only between the ultimate 
strength columns and working stress 16000 lb. per sq. in. 
compression seems misleading, because, the 16000 con- 
sidered the constant for reduction one the usual column formulas, 
such tests have been made large columns show average factor 
considerably more than 2—perhaps 2.5 for mild steel—and has 
been pointed out that the average factor tension about 3.2. The 
range variation from the average thought about the same 
tension compression. careful study tests large steel 
columns leads the writer think that would not far wrong 
take, the value representing the ultimate strength well-propor- 
tioned and properly-detailed columns, the numerator the Gordon- 
Rankine other equivalent column formula, for mild steel 
and Ib: for wrought iron. These values would require, for equal 


safety based ultimate strength, approximately the follow- 
ing comparative values: 


For tension steel, 000 per sq. in. 

For compression steel, 000 per sq. in. 

For tension wrought iron, 000 per sq. in. 

For compression wrought iron, per sq. in. 


spite the author’s remarks, seems difficult get around 
the fact that engineers and must design with the limit 
view, and not the ultimate strength, and that the structure unsafe 
and possibly ruined when the elastic limit (or more properly perhaps, 
the yield point) passed, tension well compression. Also, 
there strength beyond the yield point compression, 
far goes, just valuable the tensile strength be- 
yond that limit. There appears lack data the elastic 
strength Such the writer has been able find, indi- 
that the elastic strength will found below that test speci- 
mens, but not more than with eye-bars tension. There also ap- 
pears much greater danger from imperfect workmanship and 
injuries material, the case columns, than tension members, 
for which reason the writer agrees with the author, that lower unit 
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Mr. Carpenter. 


should used compression than tension, and thinks that per- 
haps the ratio derived from the ultimate strength values proposed, will 
satisfactory, that is, compression unit about eight-tenths the 
tensile unit. 

this point that the writer would ask, speaking from the 
viewpoint bridge designer, why reduce the compression value? 
Why not raise the tension Was not the unit chosen 
with view increased loads, and has not the test years proven 
that railway bridges can with absolute safety and without ap- 
preciable deterioration, much higher stresses than the equivalent 
the 16900 the question maximum loading settled, the 
writer sees only extravagance designing steel railroad bridge for 
the tension unit stress 16000 the usual allowance being made 
for impact and workmanship the high standard generally required. 

Neither experience with columns structures, nor study tests, 
the writer that there any cause for alarm the use 
the 16000-lb. compression constant working formulas for steel 
columns, unless that one cannot depend having columns prop- 
erly proportioned and properly detailed. analysis most the 
large columns, which have been reported showing unsatisfactory 
strength will show that the columns were defective design, com- 
pared with the requirements good modern practice. The writer 
thinks that the principal trouble, any, will found the column 
details, and that the same attention given the concentric ap- 
plication loads and rivet connections tension 
ample provision made for the full transmission stress all parts 
members through details, and the ratios width and length 
thickness are kept down the limits conservative modern specifica- 
tions, that will have some body and not “built sheet 
iron,” and there will failures nor cause for alarm with the 
compression constant ordinary size and con- 
struction. 


seems the writer that, instead being off horizontal 
line for very low values less than 20, formula line should 


theoretically rise abruptly the compressive limit the material 


This, course, would make complicated formula, and, 

such short are unusual, may well omit this extra 
will noted that Mr. Worcester omitted plat 


values for columns having 20, although the series tests men- 


tions includes large number such with values which would rise 
the limits his diagram. 


conclusion, the writer would state that opposed 
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formula that “chopped off” the “long” end. Such formula may Mr. Carpenter. 
all right design with, but “no good” for use determining 

the strength existing structures. formula which best represents 

true strength column, assuming its design correct and its 

physical condition the average, seems the proper one, 

and does not know any formula that fulfills this condition 

well the Gordon-Rankine formula, the form: 


Waite. 
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Guy Warrr, Am. Soc. (by the paper en- 
titled “Wind for High the writer assumed 
horizontal wind pressure lb. per sq. ft. acting against the en- 
tire windward side the structure. The stresses induced the wind 
lever. The building was assumed plumb. increased bending 
moment, from overhang, wind pressure was thought neces- 
sary. Provided the weight the building was sufficient counteract 
the overturning moment due wind, the mass weight the build- 
ing did not enter into the discussion. 

The resistance the structure the horizontal component 
wind pressure was discussed without reference whether weighed 
100 1000000 Mr. Chew’s first conclusion, that the stresses 
produeed earthquakes are similar those caused wind, mis- 
leading. While the from wind pressure definite, and dis- 
tributed throughout the structure, the from in- 
definite and unmeasurable, and distributed throughout the structure 
only taken one place—the foundation. 

compare the two forces, may not improper liken them 
the working horizontal engines under given pressure: the force 


*This discussion (of the paper Chew, Assoc. Am. Soc. E., printed 
Proceedings for January, 1908), printed Proceedings order that the views expressed 
may brought before all members for further discussion. 


+Transactions, Am, Soc. E., Vol. 190. 
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the wind being similar small pistons with long strokes, while the mr. waite. 
foree the earthquake similar piston having indefinitely 

large area with very small stroke. the former case, the engine 

distributed against the side the building, limited 
and substantially all taken the structure; the latter 

case, the immeasurable force from the unlimited piston area simply 

through the foundation the building, the only taken 

the building being due the vibration the foundation. 

the leeward side building the force the wind prac- 
nil, while the force the earthquake substantially the same 
each side the foundation. The wind force all taken the 
building, whether heavy light structure. The vibration 
the foundation building, from earthquake (other things being 
equal), will the same, whether heavy light; the momentum 
only will vary with its weight. 

The amount the vibration the superstructure the building 
caused will depend the rapidity and length stroke 
the so-called piston, the elasticity the material the construc- 
tion, and the design the building. For instance, the foundation 
the building were divided into two horizontal parts, with roller 
ball bearings between the parts, the earth vibration could pass through 
without materially affecting the upper structure, whether heavy 
light, the only vibration being due the friction the bearings. 

the vibrations were sufficiently rapid, and the columns sufficiently 
long and elastic, probably little vibration would felt, whether the 
building were light heavy. 

While some structural resistance absolutely necessary the case 
wind—the force being definite and positive—the structural resistance 
required the earthquakes will depend and 
design, the force itself not being against the building. 

Now, with properly designed building, having given mass and 
certain given vibration the foundation, but little vibration may 
the superstructure, while, with more unfavorable designs, 
vibration enough wreck the building might caused, even the 
best wind bracing were used. 

Buildings may definitely braced against wind pressure, but they 
definitely braced against earthquakes. 

pile brick may laid that will resist wind pressure, but 
will fall the acceleration caused earthquake; this, 
however, reason why sober fat man cannot stand well 
lean man under both earthquake and wind pressure. Nature 
see resistances increasing with the size and weight objects; this 
idea carried out buildings, will but obey the mathematical 
laws which govern the stability all things composed matter. The 
heavier the building the more horizontal resistance will naturally 
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Mr. but the writer does not agree that the resistance should increase, 


indicated the rational analysis from which the author draws his 
conclusions. 

generally considered that additional weight helps distribute 
wind pressures, and that the force the wind largely used 
frictional and other internal work the mass, the relief specific- 
ally designed resistances. 

When force set building, from the vibration the 
mass composing the foundation, why should not much this force, 
which would otherwise communicated the braces and connections 
the superstructure, lost doing the internal work referred 
above 

buildings can properly designed resist wind, and can only 
designed escape the vibration earthquakes, believed that 
they should constructed that their parts will withstand wind pres- 
sures, and that they will then amply provided withstand earth- 
quakes. 

Wind pressures are very frequent, while earthquakes are very rare. 
building will have need for resistance wind pressures several 
thousand times for one possible resistance earthquake. 

There evidence show that modern wind-braced building 
not strong enough withstand the vibration from earthquake, 
but there considerable evidence show that sufficient. 

building well designed resist the force the wind should 
have plenty good-sized columns. The connections and braces 
these columns the girders should strong and positive, and there 
should the maximum depth connections cross-beams and 
girders columns. All constructions composing floors, walls, parti- 
tions, etc., should capable distributing stresses and withstand- 
ing vibrations. 

seems the writer that reinforced concrete fulfills these 
tions better than any other known material. reinforced concrete 
the columns and girders have monolithic connection throughout their 
height, and, with proper design, can take stress both directions. The 
being filling between the reinforcing steel, can take any 
amount vibration which will conveyed earthquake. The 
steel run into the columns, making stronger connec- 
tion than possible steel and ordinary fire-proof construction. 

there any part building which concrete properly re- 
cannot designed light as, and perform the function 
resisting stresses better than, any other fire-proof material (in addi- 
tion which preserves the steel), the writer not aware it. 

Mr. Walk Jun. Am. Soc. (by writer has 
Walker. 

read with very great interest Mr. Chew’s paper and the analysis with 

which endeavors arrive the facts the resistance steel- 
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framed building earthquake shocks. first sight would appear Mr. Walker. 
that this subject not one which susceptible much calculation, 
but, when the nature earthquake disturbance considered more 
closely, once becomes apparent that rational analysis may easily 
made. 
Mr. Chew remarks, the effect earthquake wave motion. 
The motion usually commences with small elastic earth-vibrations 


short periodicity, followed later the shock proper, the period 


will much greater, from sec., after which the vibra- 


tions will become slower and smaller until quiescent state again 
reached. 

This being the nature the force acting any structure during 
earthquake disturbance, the writer does not think that the author’s 
analysis, though correct and order far goes, sufficiently 
extended take true cognizance the initial conditions the 
problem. Mr. Chew treats his building elastic structure, the 
wave, but neglects the fact that this wave followed others 
intervals which, for short period, may regarded regular. 

When elastic body struck blow, tends vibrate with its 
own natural period vibration, and the amplitude gets less and less 
until the body comes rest, the maximum distortion, and therefore, 
also, the maximum stresses, occurring just after the impact. This 
the state affairs Mr. Chew assumes. 

The writer submits, however, that treat the problem this basis 
insufficient. The building should considered, not merely sub- 
jected impact, but acted upon force the intensity which 
varies according regular periodic law. The building then com- 
pelled execute forced vibrations, and, should happen have 
natural period which synchronises with that the applied force, 
resultant vibration very large amplitude would set up, causing 
extreme stresses. the other hand, and this, presumably more 
the natural period the building and that the 
impressed force are different, there would continuous variation 
stress all members the structure though the range would not 
great. 

The mathematical treatment the problem, these lines, though 
little complicated, only follows the orthodox method investiga- 
tions into the ordinary problems relating vibrations. The writer had 
intended present solution some the simpler cases, such 
those dealt with the paper, but, unfortunately, the time his dis- 
posal has been insufficient take the question detail. However, 
should possible, treating the structure vertical cantilever 
acted periodic force, arrive law displacement for any 
portion, and thus get value for the maximum deflection, any 
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point, well accurate knowledge the range, extreme values 
deflection. The step from this the stresses in- 
duced easy and straightforward. 

With regard the author’s first conclusion, seems the writer 
that the stresses produced shock will similar those caused 
wind only where the wind pressure produced gusts 
fairly regular intervals. The increase otherwise stresses men- 
tioned his second conclusion would brought out analysis 
the lines the writer has mentioned, and, calculating the scantlings 
new structure, the extreme fiber stress allowed could settled 
accordance with the range stresses found. 

This subject the stresses induced structure 
seismological disturbances very interesting and important one, 
from both practical and theoretical standpoints. the present, 
rules and formulas have been mainly the observation and 
experiment, rather than deduction from the theoretical investiga- 
tion; but there reason why the latter method should not used; 
that, with knowledge the seismograms which have been recorded 
from time time, should possible deduce, with fair degree 
accuracy, the probable stresses which would induced shock, 
and provide suitably for them. The writer only regrets that has 
unable devote the time necessary work out analysis 
the lines has endeavored 
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Assoc. Am. Soc. E.—A considerable number 
reinforeed conerete structures have late been with en- 
ihusiasm before this Society and the technical press; and many, 
not all, the published descriptions make appear that these struc- 
have been complete success from the time their inception, 
causing trouble designer, owner, contractor. 

rule, these cover the completed structure only, 
and omit references the difficulties and dangers encountered during 
construction. 

Candid statements facts relation the use reinforced 
conerete are absolutely necessary the present time; such statements 
must and should conceal nothing, that they may serve 
guides others who propose this construction for similar classes 
work, 

Plates and XLI illustrate the construction two buildings, 
entirely which were built during 1907, are now use, 
and, any observer, would appear eminently satisfactory. 
neither case will the respective owners repeat their experiences, since 
both instances they have learned that different methods would have 
afforded structures which could have been erected more quickly, 


Mr. Falk. 


less eost, and would have been fully permanent. 
Continued from February, 1908, Proceedings. 
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Plate and Fig. Plate XLI, show ice storage house, the 
outside dimensions which are ft., and with clear inside 
height ft. in. from the top the basement floor the under- 
side the roof slab. The columns supporting the roof are 
in. and are embedded intervals about ft. 
the curtain walls, which are in. thick for the exterior and in. 
for the interior walls. The building, which store cakes manu- 
factured ice, contains three chambers running the full length the 
structure, the only entrance each being through small ice chute 
the front the building. There are windows. first study, any 
engineer would claim such structure ideal for reinforced con- 
crete; forms for vertical walls and for one roof only were re- 
quired. The history the case, however, refutes this. 

The building was planned architect, who called for proposals, 
requiring the bidding design the reinforced concrete 
work subject his approval, although himself wrote the specifica- 
tions under which the work was built, and prepared preliminary 
plans showing his ideas One the requirements 
was that the walls and columns were designed withstand 
assumed horizontal thrust due the pressure the ice. Conse- 
quently, the columns were designed, the contractors whom the 
work was awarded, vertical beams loaded their centers with the 
ice thrust. This explains (Fig. Piate XL) why the reinforcing rods 
the columns were placed two lines parallel the exterior faces the 
instead being spaced more uniformly throughout the cross- 
section. The rods forming this ran, for the most part, 
the full height the building, and, they were not self-supporting, 
was necessary build wooden structure hold them before any 
concreting work was done. This structure shown Fig. Plate 
XL. 

The rods the columns were hooped together short intervals, 
not only outside wires, but also wires crossing through the 
center; moreover, order space the corner column rods away from 
the forms, the contractor inserted plate-washers each corner rod. 

The curtain walls were also reinforced with horizontal and vertical 
rods spaced and wired shown Fig. Plate XLI. evident 
that the reinforcement acted screen through which the raw con- 
was forced pass. 

One clause the architect’s specifications read follows: 


“The centering for columns shall not over half the height the 
building before concreting commenced and for enclosing walls not 
over ft. height, unless otherwise approved.” 


Although the contractor should have known better, blindly at- 
tempted follow this clause. The final results the work, taken 
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connection with the design, are shown clearly the photographs, and Mr. Falk. 
require explanation, except that when the forms for the lower por- 
tions the walls were stripped, the owner, mistrusting both contractor 
and architect the safety the work, called for engineering advice. 

The structure was completed, after much difficulty, strictly accord- 
ing plan; dangerous defects were repaired that failure may 
expected, and surface blemishes were plastered that anyone not 
familiar with the actual construction might believe the building 

The building shown Fig. Plate XLI, was originally designed 
but reinforced concrete contractor convinced the owner that would 
cost but little more make the building entirely concrete, and 
was given the order proceed. fairness the should 
stated that was not consulted the building after the 
original plans had left his hands. 

When the structure had reached about half way the second 
story the owner began suspect the character the work which was 
being done, and decided complete the building day’s work 
charge engineer. difficulties out the ordinary were en- 
countered until the roof was reached. 

The building ft. square, and there are four interior columns. 
The roof slab, sloping about 45° from the horizontal, 
and supported the side-walls and two concrete beams running 
the length the building and the concrete columns. The 
concrete the main portion the building had been poured very wet; 
but when this mixture was placed the sloping roof forms refused 
stay place. Therefore, wooden planks had placed top 
this order hold down. This method, however, was 
exceedingly difficult, the roof was dangerous place for the work- 
men. The concrete was changed drier mixture, but still re- 
quired the use the outside forms. was impossible lay very 
much the roof one day, there were many joints. After the con- 
had set that workmen could move about without injury it, 
surface coat mortar, which was incorporated so-called water- 
proof was placed. This coat was colored with red oxide 
iron, that the final surface showed pleasing red. The surface 
coat was plastered smooth, and seemed though all water would 
easily shed. The first rain storm, however, showed that the roof 
leaked almost like sieve. must remembered that this work had 
been done day’s labor, and not contract, and that there had been 
absolutely incentive for any but the best workmanship. 

The speaker several water-proofing companies, asking 
them water-proof the roof without destroying the color effect which 
had been obtained, but not one these companies would take the work 
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and guarantee for more than one year. The use pitch similar 
water-proofing material was not permitted account the color, nor 
does the speaker believe that any plastic material would stay this 
roof. was finally decided apply alum and soap, the Sylvester 
process, and from its application the present time the roof has 
shed the rain. has not yet passed through both summer and 
winter, and will interesting note what effect the temperature 
will have thin slab this kind. The speaker would not advise 
anyone use reinforced concrete roof this kind. 


Am. Soc. E.—In the speaker’s experi- 
ence, along the line building construction, the success reinforced 
conerete engineering work greatly dependent thorough and 
intelligent inspection. Many good design has been completely de- 
feated the lack proper superintendence. The materials 
being used the present day this kind work are generally reliable, 
but their improper handling has often been responsible for poor re- 
sults. desired attention here two defects that have been 
too frequent occurrence, which can avoided little foresight 
the design and intelligent supervision the construction: First, 
the displacement the when the concrete placed; 
and second, the formation cavities the construction due 
reinforcement. 

would seem unnecessary the attention engineers the 
danger the displacement rods bars reinforced 
ecnerete beams. Concisely stated, the displacement upward, there 
loss strength proportionate the amount displacement; 
the displacement downward, the fire-resisting qualities the con- 
struction are impaired, and ability resist fire one the main 
superiority reinforced conerete construction. Judging 
from experience, however, seems important the atten- 
tion engineers the necessity making provision for preventing 
the displacement the the speaker’s opinion 
that, matter how carefully bars rods are placed thé moulds, 
what taken the pouring the there can 
that the reinforcement its proper position when 
the work completed, unless some means have been used prevent 
movement. The only certain method that has come the speaker’s 
attention used the systems, which all 
the bars rods beam (and equally applicable 
column construction), including the stirrups, are secured heavy 
wire clamps other devices such way that their relative positions 
alter. using washers spacers the resultant frame can 
secured the forms against bodily displacement, and held 
proper distance from the outer surface the finished concrete. 
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Besides assuring the correct position the reinforcement, the use mr. 
the unit frames greatly simplifies the superintendence the con- 
struction. requires but glance (comparatively speaking) see 
whether all the reinforcement place the form and whether the 
proper frame each form. The frame having been built from 
detailed drawings, previously prepared, the danger the omission, 
section, the use too short bar, practically eliminated. (See 
Fig. Plate 

The frames themselves may fabricated the shops and shipped 
the job; or, the operation sufficiently large justify it, there 
may temporary shop the premises. The particular advantage 
this that the forms can inspected and checked before they are put 


place. sample detailed drawing from which the frames are made 
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Section 


Fig. Plate XLII, shows another and quite satisfactory method 
securing the reinforcement position when the style columns used 
such admit it. This photograph one the column- 
girder connections the MeGraw Building, New York, recently de- 

The detail construction which seems have at- 
tention the avoidance too complicated reinforcement. the 
disposition the steel, care must taken that the several elements 
are not closely spaced arranged prevent the concrete from 
pouring between and around them and thus producing cavities. The 
size stone used the aggregate should considered connection 
with the spacing the rods, vice versa. When complicated rein- 
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cannot avoided, the size the stones should reduced 
suit the condition, the stone should eliminated, and mortar 
should used. All this applies particularly column construction 
and other work where the concrete must fall through considerable 
height. The speaker has seen column, the cross-section which 
was not more than 20% its embedded area, because the cavities 
formed the sieve-like action the instance 


what meant, though not serious the case referred to, shown 


Stern, Am. Soc. E.—No structural material 
recent years has temporarily won such enthusiastic partisanship, 
caught the public eye such extent, reinforced concrete. 
may that the reason for this that appeals much the 
imagination the layman. 

useless consider all the claims that have been made for it; 
but one particular should flatly contradicted, which that but 
little special knowledge required the art working this ma- 
terial, and therefore that can largely done unskilled labor. 
view the many fatal accidents which have resulted from the im- 
proper use this material, this claim not strongly urged 
once was. 

matter interest connection with the construction rein- 
forced work that contracting firms, those who exploit 
patented deformed bars, are largely responsible for the designs 
which into buildings to-day. They submit their own plans, based 


‘on the use these bars some special method construction, under 


kind guaranty carrying capacity, almost always without 
any charge for their services. the speaker’s experience that this 
method leads trouble, very often lawsuit. The client’s interests 
are supposed looked after the contractor, but, when any trouble 
happens, his interests, course, are forgotten. 

more than ever necessary, the use this material, that the 
structural design and supervision the work should placed the 
hands competent professional engineers who represent the owner’s 
interests only. 

other material construction such extreme care necessary, 
and such intelligent, constant and painstaking supervision required 
every part the process. 

concrete valuable material for use structures, 
and has large field. has its limitations, however, and often, owing 
the enthusiasm its advocates, has been used where other ma- 
terials would have answered the purpose better. 

facing for buildings has not proven success, for the rea- 


that difficult obtain pleasing surface, and ordinarily 
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more expensive than brick. the construction high buildings, the Stern. 
speaker believes that not suitable for columns and girders 
steel-frame construction. For low buildings, factory and mill build- 

ings, occupying large areas outlying districts, where there plenty 

room handle the material, has proved very desirable substitute 

for mill-constructed buildings. 

Among the faults reinforced concrete work its tendency 
crack, due the shrinkage the concrete. The speaker has had 
deal with number concrete buildings, and none these 
has been free from cracks various places. recent case was inter- 
esting: building there were two rows columns longitudinally, 
dividing into three bays. the center, between the columns, there 
were heavy girders, but, the outside bays, for structural reasons, 
there were places light girders. The heavy girders, shrinking, 
drew the columns slightly together and the outside girders cracked 
the top flange. 

The illustrations shown Messrs. Falk and Miller are interesting 
showing what actually happens practice. The speaker, however, 
has seen much larger voids columns than any those illustrated. 
one case, where deformed bars having prongs were used, there were 
voids the columns which practically occupied the whole area the 
There was attempt the part the contractor 
his work, but the interlacing the prongs formed screen which held 
the stone and prevented from becoming well consolidated the 
mixture, with the above result. 

The reinforced concrete for railroad bridges does not seem 
proper application, for the reason that constant vibration would 
tend cause cracks ultimately, and separate the reinforcement from 
the concrete. 

Where conditions would favorable the rusting steel, rein- 
concrete not suitable, unless cracking can prevented, 
otherwise the reinforcement will ultimately rust out. 

Mathematical investigations have been carried extreme degree 
refinement concrete construction, and designs have 
been worked out paper for huge structures that stagger the imagina- 
tion any but the most enthusiastic. Only recently, design for 
bridge over Spuyten Duyvil Creek, New York City, has been prepared 
its Department Bridges, involving the construction rein- 
concrete arch 703 span. 

Reinforced concrete anything but academic proposition. 
eminently practical one. Theorists assume for their computations 
certain conditions, some which may possible, and some which 
may not possible, obtain the practical operation construc- 
tion. Many things the practical use this material have yet 
understood, and these can only learned experience. 


Mr, Stern. 
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Has the state the art, the use this comparatively new ma- 
terial, progressed such extent warrant the conclusion that, 
to-day, perfectly safe and legitimate proposition undertake 
build structures, which magnitude and boldness conception far 
exceed anything existence similar type? not sounder engi- 
neering progress slowly along well-tried-out 

There wide difference opinion what the working stresses 
ought be, particularly compression. The building codes the 
various cities America are not any means uniform this re- 
spect, the allowable unit stresses compression varying from 350 lb. 
upward, and some engineers have recommended high stress 750 
per sq. in. 

There have been great many tests concrete cubes, the data 
obtained from which are valuable this diseussion. The highest re- 
sults have been obtained, course, where the specimens have been 
kept moist sand, submerged under water; but tests made under 
such ideal conditions, which rarely obtain practice, should not 
used basis for deciding what should the working stress 
erete compression, unless these conditions approximate those under 
which the structure itself built. 

Among the many tests made Watertown Arsenal, the speaker 
would refer especially series tests 12-in. cubes, prepared 
the authorities the Arsenal, the results which are given their 
Annual Reports for 1899 1904. These blocks were allowed set 
air, and were stored dry, cool building throughout the period 
the tests, which were made after periods ranging from months 
years. The conditions under which the blocks were stored would 
almost with those which work build- 
ing construction would exposed, and these tests, therefore, would 
give results more harmony with actual conditions than those 
which the blocks were immersed water kept moist sand for 
number months. 


The average tests, after months, was 1958 per sq. in. 


Disregarding the 3-month and 4-month tests, the average 
tests, after years, was 870 per sq. in. These blocks were all 
made part Alpha Portland cement, parts sand and parts 
broken trap rock, varying size the different specimens from in. 
in. 
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will noticed that the 2-, 3-, 4-, and tests show sub- 
stantial reductions strength from the tests, and the records 
show, also, that there was considerable loss weight, varying from 

There will undoubtedly differences opinion what fraction 
the ultimate strength should adopted for safe working stress. 
compensate for the great factor ignorance which exists the 
construction concrete and reinforced work, there should 
ample margin safety. matter what care may taken with 
the sampling and storing cement, practically impossible, the 
process construction, prevent, not only some the material 
losing its strength, but also obviate defects workmanship. 

has been considered for many years that factor safety 
from should used masonry. The speaker sees reason, 
therefore, why greater load than the ultimate strength 
laboratory tests cubes should used practice build- 
ing construction, which would give between 290 and 360 lb. per sq. in. 
unit stress. 

Professor Burr has brought the question whether not 
the Watertown tests quoted the speaker were all made under uni- 
and with the same brand and other ma- 
terials. far can learned from the official reports these 
tests, Alpha Portland cement was used throughout, and the same quality 
sand and stone; moreover, the specimens were stored under the same 
conditions, throughout the years during which the tests were conducted. 


Turner, Assoc. Am. Soc. E.—During this discussion, 
number questions have been raised which for answer 
those who are closely identified with the construction 
conerete buildings. 

answer Mr. Stern’s question regarding the preservation the 
steel concrete structures, the following the experi- 
ence the Turner Construction Company razing one-story build- 
ing, erected for the King Company, New Brighton, Staten 
Island, 1902, which was taken down during the summer 1907 
make room for larger structure: The building had con- 
erete walls, in. thickness grade line and in. thickness from 
grade line roof line, interior columns, in. 
square, and conerete beams, girders and roof slab. The 
foundation consisted spruce piling, cut off mean tide and 
with reinforced All steel was found per- 
preservation except few hoops the wall columns, which 
were within in. the surface. These showed slight corrosion, 
which would that important secure all steel 
ment least in. from the exterior surface. The steel the footings, 


Mr. Stern. 


Mr. Turner, 


O 


Mr. Turner. 


306 DISCUSSION THE USE REINFORCED 


although alternately wet the tide each day, was perfect condition. 
some this steel was within in. the surface. 

Numerous observations similar kind have been made engi- 
neers, and now generally recognized that steel reinforcement 
permanently preserved concrete structures. 

seems unfortunate that illustrations standard con- 
crete work have not been shown, rather than those generally defective 
work, although such illustrations are valuable indicating the charac- 
ter design and workmanship avoided. must not assumed, 
however, that they are typical concrete construction. 
Much excellent work being done New York City, and al! 
cities the United States. and ten-story buildings are not 
unusual, and noted that these buildings have proven espe- 
cially adaptable for heavy storage heavy manufacturing. 

Mr. Miller has stated, perhaps more difficult good 
workmanship than good engineering design. This matter or- 
ganization. Good workmanship should required, and undoubtedly 
furnished. There abundant evidence this, and good work- 
manship costs but little more than poor workmanship. necessary 
have thorough and experienced organization workmen; but this 

Regarding safe unit stresses, there reason for factor 
safety ten. concrete buildings have larger factor 
safety than steel buildings, because the monolithic character the 
Concentrated loads are distributed over larger areas 
because the reinforcement extends both directions. Vibration 
largely reduced. This well the Ketterlinus Build- 
ings, Philadelphia. two buildings are about the same size, 
stories height; one has steel frame with hollow tile floors and 
brick walls; the other, and later, building has reinforced concrete 
columns, beams, girders and floors, with brick veneer walls. Both 
buildings are used for printing and lithographing, and are subjected 
practically the same floor and machinery loads. The vibration 
the concrete building very noticeably less than the steel-frame 
building, can hardly detected. 

the Robert Gair Company Building, Brooklyn, there 
16-ton embossing machine set 6-ft. base the middle 
bay the seventh floor. deflection has the beams, 
and, when the machine operation, vibration perceptible, 
although the working loads assumed for this building were only 200 
lb. per sq. ft. 

Answering Mr. Miller’s observations the value unit systems 
construction, the chief objection them 
present the additional cost, which must paid the owners. 
Unit frames may relieve the architect engineer some anxiety 
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and responsibility, but admitted that most the important work Mr. Turner. 
the United States has done with the loose-bar system; and, 
with proper organization, loose bars, so-called, can placed and 
secured the work with absolute reliability. The owner looks for 
results, and should certainly entitled the difference cost be- 


tween buildings constructed with loose-bar systems and with unit 
systems. 
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will reproduced the volumes Transactions. Any information 
which will amplify the records here printed, correct any errors, should forwarded 
the Secretary prior the final publication. 


CALVIN EASTON BRODHEAD, Am. E.* 


1907. 


Calvin Brodhead was born Pike County, Pennsylvania, 
December 27th, 1846. His family moved Mauch Chunk, 
vania, 1851. attended school what was known the time 
Park Seminary, and St. Mark’s Parish School, where Felix Ansart 
was Principal. During vacation periods, worked the blacksmith 
shop Remmel and Company, who repaired cars for the old 
Beaver Meadow Railroad. When the survey was made for the railroad 
from Bethlehem Bath, Pennsylvania, about 1862, found employ- 
ment the engineer corps, and chose engineering his profession. 
After the great flood 1862 the Lehigh River, which destroyed the 
ahove Mauch Chunk, entered the service the Lehigh Valley 
Railroad, the line over Wilkes-Barre Mountain, between Penn 
Haven and White Haven. this work met the late Sidney Dillon, 
Am. Soe. E., and friendship was formed which lasted until 
Mr. Dillon’s death. 

After the Lehigh Valley Railroad was opened Wilkes-Barre, Mr. 
Brodhead moved farther the line what was known the Pennsyl- 
vania-New York Canal and Railroad. About 1871 was transferred 
from Wilkes-Barre Bethlehem, Pennsylvania, and, Principal As- 
sistant Engineer, under the late Robert Sayre, Chief Engineer, 
commenced the Easton and Amboy Railroad. remained 
with the Lehigh Valley Railroad until 1877. During the building 
this line (Easton and Amboy) the construction the 
Tunnel was directly under Mr. Brodhead’s charge. 

From 1877 until 1883 was engaged the lumber business, and 
then formed partnership with Lafayette Lentz, Mauch Chunk, 
John Byron and Daniel Hickey, Mt. Vernon, New York, and 
engaged the contracting business. The first contract the new 
firm was for about ten miles very heavy work the Southern 
Pennsylvania Railway Fulton County, Pennsylvania. 1885 the 
firm secured the contract for the Vosburg Tunnel for the Lehigh Valley 
Railroad. 1887 the firm Brodhead and Hickey succeeded Lentz 
and Company, and while connected with this firm Mr. Brodhead was 
engaged several large undertakings, notably the Palisade Tunnel 
for the New York, Susquehanna and Western Railroad, and portion 
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the Pittsburg, Bessemer and Lake Erie Railroad, and the Lehigh 
Valley Railroad. After the death Mr. Hickey, 1894, the firm 
name was changed Brodhead and Brother, and subsequently 
the Brodhead Construction Company, under which name the firm 
work until Mr. Brodhead’s death. was the contract 
that Mr. Brodhead spent the most active part his life, and 
that was best known and most successful. was man 
quick ideas, and was born locating engineer, which 
vas frequently called consultation. 

Mr. Brodhead continued interested for many years the 
coal and lumber business, having large interests Kentucky. 
vas twice married, and three children his first wife survive him. 

Mr. Brodhead was elected Member the American 
Engineers February 21st, 1872. 


GEORGE THOMAS NELLES, Am. E.* 
1907. 


George Thomas Nelles, son George Nelles and Virginia Hobbs 
Nelles, was born April 15th, 1856, Muscatine, Iowa. 

His boyhood was spent Leavenworth, Kansas, which place his 
parents moved the summer 1857. Mr. Nelles prepared for college 
the private school the Reverend (now Bishop) John Mills Ken- 
drick, and was graduated from the Rensselaer Institute 
with the degree June, 1877. 

After few months’ work instrumentman with the United States 
Corps Leavenworth, entered the service the Kansas 
City, St. Joseph and Council Bluffs Railway, Assistant 
charge surveys and relocation. 

the summer 1878 re-entered the Government service, 
United States Assistant Engineer, the Missouri River improvement, 
having charge various periods the work Atchison, St. Joseph, 
and Leavenworth, until the spring 1883 when was elected City 
Engineer Leavenworth, Kansas. Entering upon his duties time 
when the city was growing directed much work, 
supervising, during his term office, the expenditure more than 
grading and paving streets and constructing sewers, cul- 
verts, and bridges. 

During his term six years City Engineer, Mr. Nelles was also 
Consulting Engineer for the Western Home for Disabled Volunteer 
Soldiers Chief Engineer the Riverside Coal Company Chief En- 
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gineer the Leavenworth Rapid Transit Company; and Chief Engi- 
neer the East Omaha Land Company. 

the organization the Nebraska and Colorado Stone Company, 
1889, Mr. Nelles became its Secretary and Manager. The company 
operated quarries Nebraska and Colorado, contracting not only 
furnish stone, but, also, many cases, for the complete erection the 
structure. 

Severing his connection with the Stone Company 1891, en- 
tered the general contracting business, constructing sewers, pavements, 
bridges, water-works and river and harbor improvements. The largest 
and most important contracts handled during the four years spent 
this work were the construction the sewers Denver, Colorado, 
and the harbor improvements the Mississippi River St. Louis, 
Missouri. 

the spring 1895 Mr. Nelles again entered the Government 
service Assistant Engineer, the Tennessee River improve- 
ment Chattanooga, Tennessee. During his six years service 
the Tennessee River and its tributaries, many important and difficult 
problems presented themselves. made careful study the con- 
struction locks and dams under the conditions fluctuating velocity 
current and volume discharge which there prevail. reports 
all subjects assigned him were always exceedingly full and com- 
plete. prepared detailed tables showing the cost construction 
the lift and guard locks Colbert Shoals, Alabama. investigated 
the discharge the Tennessee River, checking the formulas with the 
actual measured velocities, and determining for this stream the 
value Kutter’s formula. His solution the problem the 
effect dam submerged discharge, and the surface level 
the upper pool, reached his study projects for the improve- 
ment that part the Tennessee River known the “Suck,” 
material addition engineering knowledge. 

Mr. Nelles studied the conditions the French Broad River, and 
made plans for widening and deepening the channel; examined and 
reported the necessity making any improvement Powells 
River; made plans and estimates for the low-water improvement 
the Hiawassee, Little Tennessee, and Clinch Rivers, and also reported 
the feasibility making improvements the Holston River. 

The same careful attention details, and comprehensive con- 
sideration all the component parts the subject, characterize each 
these reports. They show that rare combination, complete theoreti- 
cal knowledge and practical ability. 

June, 1901, Mr. Nelles was transferred Cleveland, Ohio, 
Assistant Engineer charge the improvements the harbors 
Lake Erie Cleveland, Lorain, and Fairport. The same thorough- 
ness and attention detail, combined with indomitable energy and 
great administrative ability, characterized his work there. 
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The earnestness with which worked, the ability which brought 
the work, and the honesty his dealings, combined with his cheer- 
ful disposition, made him very companionable man, both socially and 
professionally. 

His health began fail 1903. Two surgical operations failed 
give more than temporary relief, and died Cleveland, Ohio, 
November 15th, 1907. 

February 15th, 1884, Mr. Nelles was married Miss Lena 
Ralston, who, with one son, survives him. 

Mr. Nelles was Member and Director the Civil Engineers’ 
Club Cleveland. was elected Member the American Society 
Civil Engineers October 3d, 1888, and contributed the Trans- 
actions the paper the late George Rafter, 
Am. Soe. E., entitled “On the Flow Water over also 
the paper the late McCalla, Am. Soe. 
E., entitled “Improvement the Black Warrior, Warrior, and 
Tombigbee Rivers, Alabama.” 


1908. 


Herbert Franklin Northrup, born farm near Shoreham, Ver- 
mont, October 9th, 1850, was the youngest child Nazro and Mary 
Hawes Northrup. 

After attending the village school prepared for college Kim- 
ball Union Academy, and entered Middlebury College, Vermont, 
the class next taught mathematics and English for two 
years boys’ school Flushing, Long Island. then took 
graduate course engineering, Sheffield School, Yale, 
the class 

His first engineering engagement was upon the Lake Champlain 
breakwater Swanton, Vermont, 1878, and 1879 was engaged 
railroad maintenance work Salem, Massachusetts. the spring 
1880 entered the employ the Texas Pacific Railroad As- 
sistant Engineer construction, and was located Fort Worth, Texas. 
the employ that company, responsible positions, 
until the completion its construction 1885. 

February 2d, 1882, was married Miss Cornelia Allan, 
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entered the employ the Missouri Railroad Company 
1885, Assistant Engineer construction Missouri and Kansas, 
and September, 1886, engaged with McCracken and Com- 
pany, Contractors, Chief Engineer the construction railroads 
Ohio and Indiana. From August November, 1887, was en- 
gaged Engineer the Duluth, South Shore and Atlantic 
Railway, the northern peninsula Michigan. 

November, 1887, the writer engaged him engineer charge 
preliminary and surveys for the Chicago and West Michi- 
gan Railway, from Baldwin Traverse City, Michigan, miles, 
was finished June, 1888. was then engaged until June, 
1889, upon some construction work the East, when again returned 
take charge the construction the road from Baldwin 
Traverse City, following which had charge the location and con- 
struction extension about miles from Traverse City 
Petoskey, Michigan, which was completed 1893. 1893 and 1894 
was engaged with the Detroit, Bay City and Alpena Railroad, and 
from 1895 1901 was private practice and City Engineer 
Traverse City, Michigan, and designed proposed water supply for 
that city. During this time also located several miles road for 
the Lake Superior and Ishpeming Railroad Company. 

1902 entered the employ the Cleveland, Cincinnati, 
Chicago and St. Louis Railroad Company, charge residency 
the relocation and construction its line for double track, and reduc- 
tion grades and curvature, where had charge some very diffi- 
eult and heavy work, especially the several large-span 
concrete arches. 

May, 1905, formed partnership with the writer, Consult- 
ing Engineers, with office Grand Rapids, Michigan, where was 
engaged until his death. 

Mr. Northrup was beloved all who knew him. was 
very modest and retiring disposition, amiable, staunch friend, and 
thoroughly honorable business man. Quiet and even-tempered, honest 
all his dealings, had not only the entire his em- 
ployers, but also the love and friendship his assistants. 

One his many assistants, now responsible position 
with the City Buffalo, says knew him gentleman and en- 
gineer, and nothing can added that. His even temper and kindly 
ways always left pleasant recollection.” 

His death was very sudden and unexpected; after severe fall 
icy sidewalk, was attacked with prostatitis, necessitating 
operation from which did not rally. 

Mr. Northrup was Royal Arch Mason, member the Delta 
Kappa Epsilon College Fraternity, and was elected Member the 
Society Civil Engineers January 6th, 1892. 
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WILLIAM ROBERTS, Assoc. Am. Soe. 


1907. 


William Roberts was born Watertown, Massachusetts, March 
25th, 1835. was son John Roberts, descendant one the 
old Boston families. His parents moved Waltham soon after his 
birth, and attended the Waltham Public Schools, the private school 
Daniel French, and the Allen School Newton. 

entered the employ the Boston Manufacturing Company, 
the machine shop, start toward the development his mechani- 
cal genius. Obtaining permission from the Fitchburg Railroad, 
ran engine from Waltham Boston number times. then 
went Virginia, where studied the establishment the Norfolk 
Manufacturing Company. When very young entered the United 
States Navy. was Third Assistant Engineer under Commodore 
Perry when opened the Ports Simoda and Hakodadi, Japan, 
and served the Michigan, the Great Lakes 1856, and the 
steam frigate Roanoke, the Coast Central America 1857. 
was one the officers the steamer Fulton which captured Walker, 
the filibuster, 1858, and served the Memphis the Paraguay 
expedition 1859, 

July, 1858, Mr. Roberts was promoted, becoming 
sistant Engineer, and one year later was made First Assistant. 
resigned September, 1859, but, response his country’s re- 
enlisted the Navy April, 1861. In.1863 became Chief Engi- 
neer. 

During the attacks the forts and batteries Pensacola Bay, 
1861, was the frigate Niagara; the steam sloop Housatonic 
earried him off Charleston, 1862, when she drove 
two iron-clad rams into port. was attached the frigate Niagara 
repairing Charlestown Navy Yard, during 1863 and 1864. 

After his retirement from the Navy returned Roberts’ Cross- 
ing, Waltham, and joined his father the manufacture paper, and, 
even after his father’s death, carried the business under the firm 
name, John Roberts and Son. 

The manufacture roofing paper was the principal product the 
mill until his ever-active mind turned the then new article, asbestos, 
and his mill was the first produce asbestos fire-proof paper, the secret 
the process being held him for many years. 

declined the acceptance public office, notwithstanding the 
many entreaties the part his friends. The only State positions 
held were Commissioner Prisons, and Representative the 
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General Court. was staunch Republican, and was sent 
delegate the State Convention for many years. was Member 
the Waltham Board Cemetery Commissioners, and Director 
the Waltham National Bank. 

Mr. Roberts was life member Monitor Lodge, and M., 
and Post 29, R., Waltham. belonged the Military Or- 
der the Loyal Legion the United States, also the American So- 
ciety Mechanical Engineers. 

“He serves God well, who serves his creatures,” truly speaks the 
life William Roberts. Never was known refuse help 
worthy person project. Many leave public bequests and are thought 
generous, but Mr. Roberts’ method was give continuously; and, 
was his nature, quiet, just, liberal, honest, and philanthropic, was 
his giving, and there are many individuals and institutions who miss 
his beneficence. 

Mr. Roberts was interesting conversationalist, having toured the 
world. was especially interested the ocean, and crossed the At- 
lantic all the finest new steamers, his knowledge mechanical en- 
gineering enabling him note all the latest improvements the 
engines. was difficult, indeed, ask question country prod- 
uct which Mr. Roberts could not give valuable information, and 
such simple manner that child could enjoy his talk. 

October 27th, 1879, Mr. Roberts married Eva C., daughter 
Hon. Gideon Haynes, and their home was always Waltham. His 
married life was one devotion, and would difficult decide 
whether the palm should given him his companion life. 

William Roberts was elected Associate the American Society 
Civil Engineers June 4th, 1884. 
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THE EFFECT TEMPERATURE CHANGES 
MASONRY. 


The very great increase the use Portland cement during the 
past fifteen years has resulted the design and building structures 
dimensions which would not have been deemed practicable 
earlier period. The general use Portland cement concrete, with 
without steel rods, connection with heavy stones form 
denser and stronger masonry being built, particularly hydraulic 
construction work, than ever before. The effect temperature 
changes upon masonry walls built along such similar lines has been 
noticeable many structures, and, course, has caused investiga- 
tion numerous engineers. obvious that the larger and more 
exposed the structure, and the denser and more compact the masonry, 
and the stronger the cement which the mortar made, the greater 
will the likelihood rupture and other noticeable results from 


subsequent number Proceedings, and, when finally closed, the papers, with 
discussion full, will published Transactions. 


temperature changes. common result such changes shown 
papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and may 
sent mail the Secretary. Discussion, either oral written, will 
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cracks, greater less size and extent, according circumstances. 
The writer has some data derived from the observation such cracks 
which may interest. 

Such results, the writer’s opinion, are chiefly due the varia- 
tions temperature the outside air. However, well-estab- 
lished fact that Portland cement mortar, setting, likely cause 
the internal temperature masonry structures. Heavy 
masses such masonry are peculiarly subject such influences, 
which may continue for long time, though lessening degree, until] 
the final set the mortar has taken place. tests show 
activity the part such mortars for four five years least, 
and the mortar used construction must subject similar laws 
change. 

There are, moreover, the changes such masonry due the 
gradual drying out the moisture the work, and the tendency 
shrinkage setting continues the open air. This element change 
ignored any discussions conclusions which investiga- 
tions regarding temperature changes simply may seem warrant, 
although may maintained that, the case high-breaking and 
quick-setting Portland cement, the larger part the moisture not re- 
quired for the purposes driven out the masonry 
the first stages setting, and, therefore, not important factor 
the results that follow during the aging the masonry. ex- 
tended set observations with thermophones might throw some light 
these points, but the writer has not his command any reliable 
records this kind cite. extremely desirable that such in- 
formation, exists, should made generally available. 

During the construction the New Croton Dam, various 
the masonry sections occurred, and some cases means were taken 
measure their widths and variations with the changing seasons. 
These observations were carried long 
mitted, and, the case two cracks particular, one which de- 
veloped the top the finished overflow section, the observations 
lasted for about two years. 

The profile, Plate XLIII, shows the masonry outline the New 
Croton Dam, which the cracks observed were located. These 
were first noted for investigation the fall and early winter 1901-02, 
and brass bolts were placed, one each side the cracks question, 


| 
vy 


318 EFFECT TEMPERATURE CHANGES 


and about in. apart. The tops the bolts were carefully surfaced 
and marked, and readings the distances between the marks were 
made with scale graduated sixtieths inches. using read- 
ing-glass, these readings were estimated in. 

The profile shows the location these cracks and their designa- 
tions, follows: 


Crack Bolt Set 


> 

> 


The diagram, Plate XLIV, shows the observed readings plotted 
for Bolt Sets and The readings for Sets and were not 
plotted, these were observed only from January April, 1902. 
will noted that the readings Sets and extend over period 
nearly two years. The other observations were much shorter 
duration. 

Near Bolt Set third bolt was placed the masonry ft. 
away. Between this and the nearest bolt the set there was 
crack the masonry are excepted the hair cracks showing the 
close masonry jointing the cut stones. These developed the joint 
mortar gradually set, and more particularly the joints the upper 
coping course, which was very heavy, the stones averaging ft. 
length, ft. rise and ft. width, this case the width being 
assumed the dimension the direction the overflow length. 

bolt was similarly placed ft. away from Bolt Set and 
one about 100 ft. away from Set was planned measure these 
lengths masonry frequent intervals order compare the 
results with the curve mean atmospheric temperature. The results 
these measurements and the temperature curve are also shown 
Plate XLIV, from which are derived Tables and 

Bolt Set was placed measure the possible motion 
stone creeping its bed, the motion resulting from horizontal 
the foot rock; and Set was placed measure the 
motion change due combined vertical and horizontal crack near 
the foot rock, the differences compared with each other and 
with the results for Sets and are interesting. 
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July—x— Aug. Oct. Nov. —x— Dec. 


length per foot 
retch ft. long adjacent 


temperature. 
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TABLE DIFFERENCES WIDTHS CRACKS OBSERVED, 
AND THE EXTREME DIFFERENCES OBSERVED TEMPERATURES. 


| 
| | 
| 817 | wf 
ls | 75 1.9 0.0817 | 0.00940 


The maximum variation the width the cracks, shown 
the measurements Set was 0.0983 in., about in. 

Reference Plate XLIV will show how closely the changes 
these curves, and follow the curve mean tempera- 
ture. 


This curve mean temperature derived from mean daily tem- 
peratures from four observations per day, including the maximum and 
minimum readings the thermometer each day. 
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TABLE DIFFERENCES THE WIDTHS THE CRACKS 
OBSERVED, AND THE OBSERVED TEMPERATURES, BEING THE 
MEAN CERTAIN CASES SEVERAL OBSERVATION. 


ag | ad 3 = 

Ni D aes 

| 
14th-18th, 1902.......... 479.0 
4.6 0.0767 0.00128 
Sum. 0.3484 
Mean. 0.0871 0.00159 
2.4 0.0400 0.00182 


Plate XLIV has, also, connection with the curve mean 
temperature, curve showing the measured length the mass 
masonry adjoining Bolt Set about ft. long. This curve in- 
tended show the variations length this masonry mass due 
changes temperature. The various lengths were obtained 
often possible—about once week—and the observations cover more 
than two years. Lengths were obtained careful measurements 
with steel tape, read under uniform strain stretch, 
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3.—MOVEMENTS VARIATIONS WIDTHS CRACKS 
PER DEGREE TEMPERATURE CHANGE, BASED UPON THE 
EXTREME DIFFERENCES OBSERVED TABLES AND 


Number Feet per degree, 
Bolt Set. 

0.00163 

Mean...... 0.00159 


and corrected for its temperature, assumed that the air 
the time the measurement was taken. These observed lengths were 
reduced the lengths due temperature 50° fahr., and the 
differences measured lengths between the bolts resulting are as- 
Plate XLIV the ordinates show these differences length per foot 
masonry measured, from time time measurement, reduced 
and plotted ft. 

will noted that this curve diagram follows the temperature 
curve closely, and, might expected, shows varying length 
the masonry mass due temperature changes. This length 
masonry measured was the crest the overflow, the bolts being 
placed the second course, first step down (see point marked 
Bolt Set Plate and composed very heavy blocks 
masonry, previously with close joints and 


some small proportion backing rubble masonry mortar. 
what extent the enlarging section below the level measure- 


ment, with its proportion rubble 
may have affected these changes is, course, problematical. 

realized that such mode measuring mass masonry 
erude, but was the only available way, and dependence placed 
upon the number observations and the shown the 
results, rather than any very great degree accuracy the 
method followed, although such would have been desirable. 
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Table shows the extreme variations length per foot meas- 
ured mass, comparison with temperature variations shown 


the curve. TABLE 


DIFFERENCE BETWEEN 


0.0000215 
0.0000220 
Sum. 
Mean. per foot per degree. 
| 


The result shown Table indicates that, the case massive 
cut-stone dimension-stone masonry, influenced indeterminate 
extent backing rubble, all very compactly laid with Portland 
cement mortar, the rate expansion about half that gen- 
erally accredited steel. what extent the figured change length 
which this result based may due the gradual drying out 
the masonry grew older and therefore less sensitive changes 
moisture is, course, question. Possibly the higher coefficients 
(the first two Table may due measure this. 

That such coefficient derived such means would influenced 
also the varying interior temperature the masonry due its 
gradual attainment final set also evident. Unfortunately, 
observations bearing upon this point are number 
thermophones were installed various times the dam masonry but 
the results obtained from them were not reliable. 

While the results deduced above may not conclusive, far 
indicating coefficient expansion for massive masonry, the writer 
submits them approximate and not illogical their derivation. 
The variations the crack widths and their correspondence with 
the temperature changes are sufficiently conclusive, however, 
the immediate influence that comparatively small variations tem- 
peratures have masonry walls; and the deduced coefficient ex- 
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pansion, when considered relation the variations the widths 
the measured cracks, does not seem inconsistent. The ex- 
perience the New Croton Dam indicates that that climate 
the range temperature not sufficiently great cause visible 
cracks masonry masses more than ft. thick and less than ft. 
long, and experience shows, further, that thinner masses cracks 
are not likely occur intervals less than ft. Whether the 
“pull” developed mass solid compact masonry less than 
thick and less than ft. long, due maximum change tem- 
perature insufficient change the actual length the structure, 
whether, other words, the mass continues rigid under the in- 
ternal strains developed, may question, but seems evident that 
length narrow wall ft. long did vary actual length close 
accordance with temperature changes, and that these variations pro- 
duced visible cracks the mass. the other masses, and 
100 ft. length, respectively, which were rubble masonry 
mortar and which was proposed measure way similar 
that used for the 76-ft. length, circumstances did not allow con- 
tinued series measurements, and those obtained were too few 
afford any conclusive results. 

Homer Reid, Am. E., his recently published 
book reinforced concrete,* gives several coefficients expansion 


stone, mortar, concrete, and these have been collated 
Table 


TABLE 


EXPANSION STONE, MORTAR, 
CONCRETE, 


Authority. Material. Coefficient 

( hristophe, \Monerete 5 | 
Sir Binnie, (1:4) beam 100 ft. long and 

rave concrete (1:2:4) in. bars. 


Concrete and Reinforced Concrete 


ree. 
ive 
ate 
ind 
en- 
out 
its 
but 
ter 
on. 
ith 


Myron Falk, Assoc. Am. E., his work con- 
gives, addition some the data Table the following: 
Professor Lyford, the Worcester Polytechnic, for concrete bars, 
0.0000056 and 0.0000064. 

would seem that Sir Binnie’s results may considered 
the most reliable the foregoing, far concrete concerned, 
they were made far the largest scale, and, addition, ex- 
tended over period two years, during which constant observations 
the changes were made. must borne mind that the 
cient, 0.0000030, derived the writer, for heavy granite masonry 
with minimum joint space and surface, while Professor Dana 
gives for granite 0.0000044 and 0.0000048. mass jointed masonry 
showing many hair cracks due shrinkage might expected have 
smaller coefficient expansion than the granite which 


mainly 


The following descriptions the cracks measured will 

A.—This crack developed the winter 1900-01, the masonry 
having been built and finished the season 1900. vertical 
crack the joints between the coping and facing stones both 
up-stream and down-stream faces the overflow, and extends from 
ft. down from the top the coping. its length 
facing stone the down-stream side face ruptured 
vertically. 

B.—This crack developed the same time the 
foot rack left for temporary opening the masonry, and 
shows the up-stream face fine horizontal crack the bed 
joint the lower facing stone the rack. Below this course lay 
continuous course facing stones laid five years before the masonry 
above. This horizontal crack was about ft. long the up-stream 
face and could traced hair across the dam section under 
the lowest hearting course the rack the down-stream face. 

The brass bolt, Set was placed the continuous course the 
up-stream facing this point, within in. the end the facing 
stone under which the crack was noted. 

C.—This developed the winter 1901-02. shows the 
up-stream side the dam vertical crack the facing stone 


EFFECT TEMPERATURE CHANGES MASONRY 325 


joints extending down two courses, about ft., and then horizontally 
inder the second course for ft. was traced across the 
dam section hair crack under the lower course the hearting 
stone the rack, losing itself the joints the down-stream facing 
stone, where, however, knife could run into the joint. Later, 
the stones the face the rack under which the crack 
showed was taken out and was found that then the crack pinched 
out, further trace being visible. Two brass bolts (Set 3), one 
‘ach side this the up-stream side, were placed February, 
1902. 

crack developed the winter 1901-02. extended 
down ft. the up-stream side vertically following the joints be- 
‘ween the facing stones, except that one stone, two courses down, 
was found cracked. the down-stream side the crack could 
hair the joints for nearly the same distance 
down vertically. The crack, course, extended across the top 
masonry. Two brass bolts (Set were placed, one each side 
the crack the top the up-stream facing course. The heart- 
ing the dam either side this crack was dug out June, 
1902, depth ft. The crack was still traced, however, the 
this hole, crossing the dam section and showing 
the mortar joints. The hole was tested filling with water before 
the masonry was rebuilt, and slight seepage was noticeable the 
up-stream face the dam, ft. down. 

vertical across the dam and down about ft. 
both up- and down-stream faces, showing two cracked facing stones 
side this crack top the up-stream facing course. The 
was dug out depth ft., but showed traces the 
hearting masonry this depth. was dug out June, 1902, and 
the hole held water when filled. 


each face. Two brass bolts (Set were placed, one each 


crack developed the winter 1901-02. vertical 
crack extending across the dam and down ft. both faces, 
the joints the facing stone. brass bolt (Set was placed 
this crack. 


The lessons taught these and other cracks may summarized 
follows: 
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The more compact the masonry the greater the likelihood cracks 
due changes temperature. 

The localization and extent such cracks are due primarily 
the differences occurring sectional areas. These arise from 
ing the masonry work racks other unequal elevations 
progress the masonry, from changes section due, for exam- 
ple, the case dams, buttresses, gate-houses, angles, and 
they develop along straight lines. the New Croton Dam, the 
curve forming part the overflow, cracks were found during its 
construction. 

these inequalities sectional areas result they are bound 
warm weather summer and particularly this unprotected 
masonry laid above later the season, then the most pronounced 
are likely occur. 

Temperature changes affect the greatest extent masonry laid 
warm weather, and important, order diminish the extent 
temperature cracks the minimum, carry such masonry 
fairly level layers and cover with much masonry possible 
steady progress the colder months. 

Changes section masonry structures are bound produce 
within certain limits, and their extent depends upon the 
amount the sectional change and the time year the masonry 
laid. 

dam wall uniform section and height carried uniformly 
from one end the other should show temperature cracks regular 
intervals, their extent, width, and spacing depending upon the time 
year which the masonry laid. 

That cracks can avoided extent following rules derived 
from the above evident. uniformity conditions building, 
however, cannot maintained during construction, cracks can 
provided for vertical slip joints the proper places, extending 
through the wall, with proper returns grooves break joint, and 
treated with coal-tar, asphalt, other ways that might suggest 
themselves. 

conclusion the writer wishes make suitable acknowledg- 
ments the New York Aqueduct Commission, whose service 
was the time the data were obtained from which the foregoing 
results have been derived. 


Vol. XXXIV, APRIL, 1908. No. 


AMERICAN SOCIETY CIVIL ENGINEERS 
INSTITUTED 1852 


PAPERS AND DISCUSSIONS 


This Society not responsible, body, for the facts and opinions advanced 
any its publications. 


THE SEMICIRCULAR MASONRY ARCH.* 


Since the introduction reinforced concrete construction, the 
building arches has increased such extent that simple, ap- 
proximate methods finding bending moments and thrusts, which 
are sufficiently accurate for all practical purposes, will undoubtedly 
appreciated those interested this branch engineering. 

Nothing simpler arch analysis has been proposed than the co- 
efficients for parabolic arches the late Greene, Am. Soc. 
The fact that they are confined curves one type is, 
ecurse, serious limitation, and the purpose this paper extend 
this method the analysis the semicircular arch with fixed ends, 
basing the coefficients for bending moments and thrusts the ordi: 
nates the equilibrium polygons given Professor Greene. 

Horizontal Thrust and Reaction.—The center line the arch, Fig. 
assumed semicircle and divided into equal segments every 
10°, beginning with zero the crown. proposed express the 
bending moment any one these points, for load any 
other point, terms the radius, and the load. 

Let Fig. represent the equilibrium polygon for the load, 
angle, the right the crown, being the ordinate 
the left abutment, the ordinate the apex, and the ordinate 
the right abutment. The bending moment any point is, course, 


This paper will not presented any meeting, but written communications the 
subject are invited for publication with Transactions. 


| a 
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equal the horizontal thrust multiplied the vertical distance from 
the equilibrium polygon the center line the arch, or, from Fig. 


From the geometry the construction: 


(1) 


the ordinates, positive above the springing line, 
and negative below, have, substituting values for sin. and 


for and y,, the figures given page Greene’s “Arches,” 
the following values 


10° 20° 30° 40° 50° 60° 70° 
| | | 


| >? Ra 
10° 0° 
| FIG. 1a 80 | ‘ | | 
2) | | 
| 20° 10 30° 20 | | | 
| \ | | | | | ' | | | 
| | j 
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Referring Fig. 1a, have, for the value the reaction the 
left abutment: 
Again substituting values for y,, y,, and the above values 
have the following values and 


Point. 
| 


Bending-Moment Coefficients for Vertical Loads.—Since the value 
determine the distance, terms for all points the arch 
when the load, applied any point, the left right 
the crown. 

Referring again Fig. the distance, given the ratio, 


sin. 
for all points the left the load, 
sin. 


the right the load, 


sin. 
and 


Considering then, that for the load, any particular position, 
the left the right the crown, the term, sin. constant, 
can, giving definite values the angle, find the values 


; 
| 
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illustrate the manner which this computation may accom- 
plished, assume the load, placed the angle, 20°, the 
right the crown. 


TABLE 


The last Table gives the bending moments, terms 
and all points the span, when the load, occupies the 
position 20° the right the crown; similarly, for any other point, 
arranging table for all points, beginning the top with 
the right abutment, continuing through the left abutment, writing 
values similar the last column Table across the page for each 
point, have Table giving bending moments terms and 
and coefficient, for various points the arch and various 
positions the vertical load, 

noted that the loads are placed the points indicated 
the first column Table bending-moment coefficients are formed 
the following columns. For example, load placed 10° the right 
10° the left the crown. 

Bending-Moment Coefficients for Horizontal method 
similar the preceding one, coefficients for bending moments caused 
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TABLE 2.—BENDING-MOMENT COEFFICIENTS, FOR VERTICAL LOADS. 
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horizontal forces can found. Solving the equations pages 
119-123 Greene’s “Arches,” the values for X,, X,, X,, H,, H,, and 
ete., Table are obtained. 


TABLE 
| 

0.0000R 0.5708R 0.5708R 0.5000H 0.3188H 


The vertical thrust, constant throughout the span, analogous 
the horizontal thrust for vertical loads; and the bending moment 
for the horizontal force, equal multiplied the horizontal 
distance from the center line the arch the equilibrium polygon 
determined the position These horizontal distances are 
evaluated much the same manner the vertical ordinates, 
and multiplying the proper value and tabulating gives Table 
from which the bending moment any point due the horizontal 
force, 

Influence the figures any column, Tables 
plotted seale and the points connected lines, the resulting curve 
may called the influence line for this particular point the span. 
Fig. the full-line curve marked shows the influence line, for 
the point 40° the left the crown, plotted from Table ordinates 
below the line, A-B, being negative and those above positive. From 
Fig. evident that the maximum positive moment occurs when 
the load directly over the point, and the maximum negative moment 
with the load near slightly the right the crown, while loads 
near the abutments exercise very little influence. 

Fig. Curves and are influence lines for the crown and 
abutment, respectively. Fig. indicates influence lines for hori- 
zontal forces. Curve for the crown, showing that the bending 
moment for this point negative for all positions the load. Curve 
for the 40° point, and Curve for the abutment, Curves 
and appear discontinuous the crown, which due the 


TABLE FOR HORIZONTAL LOADs. 
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change direction the forces this point. the forces were 
would continuous, and the ordinates would the same sign 
throughout. 

noted that Tables and are both subject the limita- 
tion that the thickness the arch ring constant from crown 
abutments. Arches, course, are not built with constant thickness, 
for various reasons, therefore would interest find what in- 
fluence, any, the increase the thickness the arch ring toward 
the abutment may exert the bending moments and thrusts. 

Effect Bending Moments for Variation Ring Thickness.— 
With this object view, two special cases were investigated 
using Professor Howe’s summation formulas, given his treatise, 
“Symmetrical Arches.” one case the thickness the abutment 
was made one and one-half times that the crown, and the other 
twice the crown thickness. With these assumptions, the case the 
arch any radius, can investigated, because the 
moment inertia any section becomes multiple that the 
crown, and the thickness, disappears the formulas for M,, 
and 

Referring again Figs. and this effect change section 
the influence lines shown the dotted and the dot-and-dash 
lines, the dotted line each case showing the effect the abutment 
thickness being twice that the crown, and the dot-and-dash lines 
one and one-half times much. 

will observed that, for the crown and also for the 40° point, 
the effect increasing the ring thickness not marked, while, for 
the abutment, the bending moments for loads certain points are 
widely different for the three cases. 

Effect the Horizontal Thrust for Variation Ring Thickness.— 
That the thickening the arch the abutment also influences the 
horizontal thrust evident from Fig. which three curves are 
shown, the ordinates which indicate the coefficient which 
any point, multiplied give the horizontal thrust, Again, 
Curve refers the case constant thickness, Curves and 
the ratios, and respectively. will observed that while the 
coefficients for loads near the crown the thickness the 
abutment increases, the reverse true from the 40° point the 
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abutment, that, taking the arch whole, that is, the total thrust 
the span, the results for the three cases are not far apart 
might supposed from the figure. 

The point importance the designer whether these variations 
will materially affect the maximum moments and thrusts; or, still 
the point, the maximum fiber stresses any section. 
throw some light this phase the matter will require the analysis 
particular example. 

50-ft. clear-span arch for railroad traffic, 
with ft. fill over the crown, the live load considered equiva- 
lent 1000 Ib. per sq. ft. and the horizontal pressure any point 
one-third the vertical. Fig. are drawn scale sevéral bend- 
ing-moment curves for this arch. Curve shows the bending moments 
all points the span for the dead load the arch ring and the 
earth fill, considering vertical loads only and the ring thickness con- 
stant. Curve shows the same load, with the abutment thickness 
twice that the crown; Curve shows the live load only from 
and including the 20° point the left the crown; Curve 
shows the same live load, but the ring thickness the same 
Curve 

Apparently, the effect thickening the abutment decrease 
the bending moment over the greater part the span, the expense 
the abutment where there great increase moment, result 
which might expected because the increased rigidity the 
structure this point. 

Maximum Bending Moments.—Fig. shows all the positions 
live load giving maximum moments: Curves The heavy lines 
the top the figure indicate the extent the loading. These 
curves show the moments for vertical load only. The dead-load 
moments are given Curves and Curve for the vertical, and 
Curve for the horizontal forces. 

evident inspection that the vertical dead-load moments are 
neutralized the moments caused horizontal earth 
pressure. This shown more clearly Fig. where Curve the 
corresponding live load, extending from the abutment, 
and ineluding the 20° point the left the crown, gives practically 
both positive and negative maxima. The effect assuming this live 


it, 
in, 
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load exert horizontal pressure the arch shown Curve 


being merely shifting the curve the right with slight in- 


crease the maximum negative. While the above live load probably 


gives the most unfavorable working condition, Curve indicates that 
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uedg 1891; 


09 = 


erection loads must reckoned with, showing the result back- 
filling earth the arch from the abutment, the crown. 
noted that the maximum positive well the abutment 
moments are all greater than those produced the live load. 


Ay, 
Ws 
x ° > 
4 
= 
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Fiber stresses, being the result the combined 
effect the bending moment and the thrust, and varying with the 
dimensions the arch ring, will necessary refer again the 
example order trace the influence change the ring thick- 
ness toward the abutment. 

For this purpose will sufficient consider the material 
homogeneous and the modulus constant within the range stress, 
that the ordinary formulas will apply. 

The average pressure (Table indicated the column headed 
“Average pressure per square inch,” and the maximum fiber stress 
tension and compression the columns headed and p,. Case 
refers the assumption constant thickness, Case abut- 
ment one and one-half times the thickness the crown, and Case 
the abutment twice the thickness the crown. 


Average 
pounds. pounds. square inch. 
| 
40° 
Average 
inch. 
45447 487 524 14.16 in. 112 +444 220 
Case IIT.. 467 381 416 117 +440 206 
SPRINGING. 
pressure, 
square inch. 


| | 


338 THE SEMICIRCULAR MASONRY ARCH [Papers. 


Apparently, Case gives stresses which are too large the crown 
and too small the abutment, while, the 40° point, there little 
variation for the three cases. include the effect the horizontal 
earth pressure would reduce the stresses and materially increase the 
stability the arch, will seen from the following table: 


Deap 

Average 

pounds. pounds. square inch. 

| 


The advantage reinforcement semicircular arches very 
clear since the determining factor the design not the compressive 
but the tensile stress. 

Summary.—The general effect increasing the thickness the 
arch ring toward the abutment equivalent shortening the span, 
that is, decreasing the bending moments except the abutment, and 
increasing the horizontal thrust. 

the horizontal earth pressure equal one-third the ver- 
tical, the bending moments due vertical and horizontal earth loads 
will practically balance each other. 

The bending moments being large, compared with the thrust, 
economy material secured taking the tensile stress with 
reinforcement rather than increasing the ring thickness. 

Bending moments either sign may occur throughout the span, 
making single line reinforcement impractical. 

Back-filling the arch may cause greater fiber stresses than the live 
load, and should given consideration the design. 

The author deeply indebted Mr. Clark for assistance 
carrying out the tedious computations involved making the 
tables, also for many valuable suggestions. 
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1903 study the availability, water producers, num- 
ber water-sheds near San Francisco, California, made analysis 
rainfall and run-off conditions necessary. Studies were made 
the distribution rain throughout that part the Coast Range 
lying between the latitudes Santa Cruz and San Francisco, and 
extending eastward from the Pacific Ocean the westerly edge the 
San Joaquin Valley. The result these studies shown the 
map, Plate XLV. Thereupon, computation was made the water 
production three basins tributary the three peninsula reservoirs 
the Spring Valley Water Company, which furnish water for San 
Francisco. The records the water yield these three storage 
reservoirs, Pilarcitos (elevation 680 ft.), San Andres ft.), and 
the Crystal Springs (280 ft.), are more than ordinarily reliable, and, 
fortunately, cover long time-period. Ever since these reservoirs 
any them have been ‘in service (1865), Mr. Hermann Schussler has 
been the Chief Engineer for the Spring Valley Water Company, and 
his records water consumption from each reservoir, and the stage 


This paper will not presented any meeting, but written communications the 
subject are invited for publication with Transactions. 
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water each, have been used estimating the annual water pro- 
duction the three drainage basins. 

comparison the annual water yield the several basins with 
the annual rainfall furnished reliable data which base general 
relating run-off Coast Range areas. drawing 
upon other information, will explained hereinafter, applying 
larger and higher mountain areas, was also possible forecast 
run-off quantities for such regions the Sierra Nevada Mountains. 
The results these studies and the method utilizing the available 
records, should prove interest engineers who have deal with 
similar problems. 

Rain does not fall California every month the year the 
Eastern States. The rainy season begins November and ends 
April. little rain falls from May the end October that 
this period may rainless. There rain during this period 
which has any effect worthy note upon the flow streams. 

Throughout the State, however, there great variation the 
normal annual rainfall, and, the coast and central valleys, this 
generally from in. rises more than in. the Sierra 
Nevada Mountains, 150 miles northeasterly from San and 
more than in. the extreme northwesterly portions the State; 
only in. some points Sacramento Valley, and less than 
in. parts San Joaquin Valley; drops only in. the 
Cahuilla (Salton) Basin. One feature, however, specially note- 
worthy. The rain storm ordinarily atmospheric disturbance 
large extent. not the same nature eastern thunder storms, 
but the general type winter storms which, the East 
the West, sweep over vast areas. Owing the wide distribution 
rain ordinary rain storms, and the freedom from local storms, 
the rainfall records single stations are better indices the amount 
precipitation large tracts than ordinarily the case for records 
rain the East and the Middle West. 

With view illustrating the breadth the storm area, may 
stated that the same atmospheric disturbance which brings rain 
the Pacific Coast northerly from California, also brings rain 
(or threatens with rain) all northern and central parts California 
far south Tehachapi, where mountain spur connects the Coast 
Range with the Sierra Nevada Mountains. rule, the greater the 
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fall rain central points this storm area the greater the surface 
extent any cyclonic disturbance. The recurrence rain storms 
(from six twenty rainy season months) has the usual 
equalizing effect repetition, and thereby increases the probability 
that the fall rain the course year, any point the central 
and northern portions California, will bear fairly uniform rela- 
tion the rainfall some central point observation, such San 
Francisco Sacramento. Exceptions such law are sure occur, 
and have occurred. notable exception was the rain distribution 
1867-68, which abnormally heavy fall rain the mountain 
region tributary the San Joaquin Valley was not indicated the 
rainfall conditions that year points latitudes northerly from 
San Francisco. 

Among the interesting facts that have come the attention 
those who are familiar with the rainfall records California the 
fcllowing, which seems true wherever the rainfall exceeds in. 
per annum. The maximum annual rain any point twice the 
normal, and the minimum two-fifths the normal. (Marsden 
Manson, Am. Soe. E., now City Engineer San puts 
the latter one-third.) This relation maxima and minima the 
normal great value the discussion the water productiveness 
region which there information obtainable relating 
rainfall. 

One the early observations made the engineers who from 
time time have been consulted the subject adequate water 
supply for San was the recurrence succession so-called 
dry winters, that is, rain-years with fall rain far below 
normal classed minimum years. Two such years now and 
then follow each other, and there may series years, about 
ten, which none materially exceeds the normal. the years 
minimum rainfall produce practically run-off from areas near San 
Francisco, and years normal rainfall only moderate amount, the 
was reached that the storage capacity when compared with 
the run-off from the area tributary reservoir should relatively 
large, and that the aggregate storage capacity should equivalent 
about 900 days’ supply. This idea was first set forth clearly the 
late Colonel Mendell,* Am. Soc. applies, course, 


San Francisco Municipal Reports, 1876. 
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only long dependence placed upon small near-by water-pro- 
ducing areas having the character above described, which are entirely 
unproductive seasons light rainfall. 

Probably the first attempt construct isohyetose curves for the 
entire State California, was made the writer 1886, under the 
direction State Engineer William Ham. Hall, Am. Soc. 
More than 200 station records were available, many being railroad 
stations. Nearly all the railroad station records dated from 1870. 
was account the commencement majority the rain records 
that year that the writer determined let the isohyetose curves 
represent the mean annual precipitation for the period subsequent 
1870, fact, for the years, rain seasons, 1870-71 1883-84. All 
records that covered only fraction this 14-year period were cor- 
rected comparison with one, two, three near-by complete station 
records. Thus, for example, record Station covered only the 
last winters the period, the mean rainfall for these years was 
compared with the rainfall the same years Stations and 
The ratios established this comparison were then applied 
the means for the whole period and and gave three values 
for rain These were then averaged combined, with unequal 
weights, each case seemed require, get the most probable pre- 
cipitation for the full period. The curves equal precipitation 
were then drawn the same way contour lines. The record for 
the selected years was not greatly variance with the normal rain- 
fall. The resulting map* subject correction, however, particu- 
larly throughout large extent the Sierra Nevada Mountains, 
where records rain were obtainable the time was prepared. 

This study 1886 made quite apparent that the orographic 
features the State were potent factors modifying the rainfall, 
and were therefore material aids extending the rain curves over the 
areas where rainfall records were lacking. 

Testimony can borne, with small degree satisfaction, 
the general reliability the many records rainfall which have en- 
tered into the special study 1903. careful examination the 
isohyetose curves Plate XLV, and comparison the normal 
rain, which they indicate, with the individual station records will 


Published Irrigation Development, Part Irrigation California, William 
Hall, State Engineer, 1886. 
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show, not only that the curves did not have forced, that they 
fall naturally into the positions assigned each, but also that there 
are only two station records—at Coyote and Morganhill—which, 
when expanded from years the 54-year period, not fit with 
records other near-by stations nor with the isohyetose curves. 

may stated general proposition that station records 
should representing correctly what has happened the 
point observation, and that records which not harmonize with 
the supposed facts should discarded only when there corroborative 
evidence their unreliability. This particularly true all ob- 
servations conducted under the direction the United States Weather 
Bureau, and applies even those cases where proximity the rain 
gauge high buildings, unfavorable exposure roofs buildings, 
and other disturbing causes lead the conclusion that the station 
record times error. station ever located that such 
constant for all possible directions the wind and 
wind velocities. Moreover, notwithstanding occasional error, the sta- 
tion record may still excellent index what happening, 
the way precipitation, throughout broad areas. 

This subject should not passed without pointing out the un- 
questioned advantage that would result the Weather Bureau would 
supplement all its records taken large cities, under otherwise 
unfavorable conditions, records exposed ground the surround- 
ing Such supplemental records should primarily for the 
purpose ascertaining precipitation aggregates, and frequency 
observation such controlling stations, therefore, would not 
requisite. 

particularly noteworthy that all studies run-off within 
the Coast States, the seasonal division time should not run 
with the year. For the sake uniformity, the records 
total rain published most Federal official documents have been for 
each calendar year for the Western States, just they have been for 
the Eastern States. This system publication, annuals alone are 
considered, does not enable one make correct distinction between 
the wet year and the dry year. The rainfall record for year should 
only one rainy season, and not parts two. Moreover, the 
precipitation each rainy season followed rise the streams, 
and the winter snows which feed the streams not disappear from 
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the high mountains until late the summer, the natural beginning 
rain and run-off year would about September ist. will 
make practically difference for areas California this date 
shifted October 1st even November ist. When precipitation 
noted for the rain year, 1870-71, means the precipitation 
year including completely the winter 1870-71. late date for the 
commencement the rain year desirable order that may run 
with the year stream flow. The latter should cover complete cycle 
from one annual low stage the rivers the next annual low stage, 
and, for California, may begin any time from September 
November Owing the fact, however, that the fall rain from 
May November trifling, would not seriously objec- 
tionable let the rain year and the run-off year overlap some 
extent. 

Within the area covered the rainfall map, Plate XLV, nearly 
sq. miles—practically square outline—there are points 
which rainfall records had been kept for some years prior 1903. 
this statement the records San Francisco are counted one. The 
longest record that San which was commenced 1849 
careful observer, Mr. Thomas Tennent, maker nautical in- 
struments. Later, the number records that city increased, one 
time five. All are accepted being equal weight with the rec- 
ord the Signal Service, beginning 1871, and, later, the record 
the Weather Bureau. Special weight cannot given the 
rain record the Weather Bureau, because applies several sta- 
tions occupied, and suffers from disturbing causes, 
all records the roofs buildings. For San Francisco, therefore, 
the several records were combined, and the average was accepted 
the best indication the probable amount rain that fell the 
city. The mean annual rainfall, the normal the 54-year basis, 
1849-1903, was found from the composite record 22.79 in. for 
San Francisco. 

With the San Francisco record there were compared, for corre- 
sponding periods time, the records San José and Oakland, 
1874-1903; Mt. Hamilton (Lick Astronomical Observatory), 1881-1903; 
Santa Cruz, 1878-1903; Pilarcitos, 1866-1903; San Andres, 1869-1903; 
Crystal Springs, 1877-1903, and others. using the ratios thus as- 
certained exist between the rainfall San Francisco and that 
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each these points, the normal rain San Francisco was corrected 
and value the probable normal for the 54-year period each 
these points was ascertained. For the most important stations, such 
Mt. Hamilton, San José, and Santa Cruz, the rainfall for missing 
years the 54-year period was approximated. These secondary sta- 
tions, thereupon, were used the computation the normal precipi- 
tation for the 54-year period each point where any part the 
time was covered local record. The method used that just ex- 
plained. 

remains added that, addition the stations noted 
the map, there were records points, the north and the east 
the area covered, taken into account the construction the rain 
curves. 

The topographic features shown the map require some ex- 
planation. San Francisco lies the northerly extremity the San 
Mateo Peninsula. spur the Coast Range forms the backbone 
this peninsula. some extent subdivided into secondary ridges, 
but all mountainous except narrow fringe along the westerly side 
San Francisco Bay. Within San Francisco the highest point, 
Peaks, more than 900 ft. above sea level. the southward 
San Francisco, cutting from northwest southeast obliquely across 
the narrowest part the peninsula, are the San Bruno Mountains, 
having maximum height 1300 ft. This range separated from 
the southerly extension the peninsula ridge gap barely more 
than 200 ft. above the sea. The peninsula mountains are soil-covered, 
their summits are rounded, and their slopes moderate. Much the 
ground brush-covered, some timbered, and comparatively little 
bare rock exposed. Elevations the ridge rise several thousand 
feet midway between San Francisco and Santa Cruz, and 4000 ft. 
Loma Prieta, miles northeasterly from Santa Cruz. the 
eastward the peninsula mountains San Francisco Bay and the 
Santa Clara Valley, with its southerly continuation, the Gilroy Valley. 
The two valleys merge into each other, the highest land between them 
being about 300 ft. above the sea. These two valleys and the San 
Francisco Bay separate the peninsula spur the Coast Range from 
series parallel spurs which one culminates Mt. Hamilton, 
slightly more than 4000 ft. altitude, and another Mt. Diablo, 
similar height, and just the north the easterly portion the 
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area covered the map. The crests several this group Coast 
Range spurs are elevations from 2000 3000 ft. The lowest 
gap across the range eastward from San Francisco Altamont, 
about 700 ft. elevation. Another low point Pacheco Pass, just 
off the map near its southeast corner. 

The computed station normals for the 54-year period, 1849-1903, 
were used basis for the construction the isohyetose lines. These 
conform broad way the contour lines the country, that 
say, they hold the same general direction. will noticed, how- 
ever, that the maximum rainfall not the point maximum ele- 
vation, but, rule, lies upon the southwest slopes the mountain 
chains. the peninsula mountains maximum noted just west 
the crest line. Near Pilarcitos Reservoir very nearly coincides 
with the crest, because the range there narrow, and there 
maximum westerly from Pilarcitos would disclosed only ad- 
ditional rain record stations. The position the rainfall maximum 
the southwest slope the range pronounced near Laurel and 
Boulder Creek, some miles north Santa Cruz. Eastward from Santa 
Clara Valley the region which rainfall maximum well 
the range, about midway distance between the valley and the 
line which divides its waters from those San Joaquin Valley. 

Taking course from point the ocean about miles north- 
west from Santa Cruz northeasterly direction toward Mt. Hamil- 
ton, the normal annual rainfall increases from in. the water 
in. the shore line, and in. about two-thirds the dis- 
tance from the ocean the mountain crest. Continuing the north- 
easterly course, there decrease less than in. the Santa 
Clara Valley, and thereupon increase in. point just east 
Mt. Hamilton, which, already stated, about half way from 
Santa Clara Valley the range crest. Thence San Joaquin Valley 
the rain decreases about in. 

Evidently, the moisture-laden air, rises the mountain 
slopes, becoming cooler and losing density with increasing altitude, 
part with much moisture before reaches the mountain 
that the northeast slopes and the valleys beyond receive much 
less precipitation than the opposite mountain slopes. 

This same phenomenon equally marked the Sierra Nevada 
Mountains. The rain the southwesterly base these mountains 
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Sacramento Valley about in. per annum. more than 
in. high altitudes the southwest slope the mountains, 
points northeastward from Sacramento Valley, and drops only 
in. the plains Nevada, from 4000 5000 ft. altitude, 
east the range. 

The curves normal rainfall, particularly where there such 
pronounced change amount within few miles, may seen 
parts the mapped area, have served admirably the basis for com- 
puting the normal fall rain upon any water-shed. The normal rain- 
fall amounts thus established for the areas tributary Pilarcitos 
Reservoir, San Andres Reservoir, and Crystal Springs Reservoir 
were thereupon used aids approximating the annual precipitation 
upon each these water-sheds. 


The process may briefly stated. The three rainfall records, 


San Andres, and Crystal Springs, after being ex- 
panded, already explained, the full 54-year period, were com- 
bined averaging the rain-year annuals. this way composite 
rain record for the reservoir areas, from 1866 1903, was obtained, 
and this was used index the relative amount rain that fell 
each rain year. The composite normal for the years varied 
from the normals each the three basins, and the extent this 
variation was ascertained for each. Thereupon, correction the 
composite annuals was made for each basin, and the corrected values 
were accepted the annual precipitation the basin areas. The 
three records were combined, here explained, instead being used 
separately, because they are for areas which are close one an- 
other, and believed that such composite record somewhat 
more reliable index the rain considerable extent country 
than either the three records used alone would be. 

desired know for each the three reservoir drainage 
basins what quantity water annually flowed from land areas, ex- 
clusive water surface, the following procedure may adopted. 

The water from each reservoir known from the rec- 
ords the Spring Water Company. The stage water, and 
therefore the annual increase decrease the quantity water 
stored, also known for each. Also, approximately least, the 
quantity water which had allowed flow waste, 


y 
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Let per annum, inches, 

area, square feet (including the reservoir 
surface), 

reservoir water surface, square feet, 

water consumption per annum, gallons, 

from land only, inches, 


increase per annum, gallons. 


For in. this becomes 

The evaporation from the water surface the reservoirs was as- 
sumed in. per year. believed that this assumption liberal. 
Some error this assumption would have but small effect upon the 
conclusions herein reached relating run-off. The above value was 
assumed because the amount indicated years’ series ob- 
servations Kings River Kingsburg the San Joaquin Valley.* 
The mean annual temperature the reservoirs probably somewhat 
lower than that Kingsburg, and the greater proximity the 
reservoirs the Ocean may also act keep the evaporation 
lower than the interior valley. there error the assumption, 
therefore probable that the direction too much evapora- 
tion. 

remains stated that all three these reservoirs are 
relatively large capacity when compared with the small tributary 
areas. There are, therefore, many seasons which there waste, 
which all water caught. This particularly true Crystal 
Springs Reservoir, which has been full only twice. There is, moreover, 
certain interdependence between the reservoirs. The relation 
which the Pilarcitos Reservoir stands the San Andres Reservoir 
close, fact, that has seemed advisable combine the two 


“Physical Data and William Ham. Hall, State Engineer California, 
page 378. 
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and treat them single reservoir this discussion. The arrange- 
ment such that the waste from the Pilarcitos flows the San 
Andres until the conduit capacity exceeded, whereupon some water 
goes the stream. Any excess water received the San Andres 
Reservoir turn delivered the Crystal Springs Reservoir. 


TABLE RAINFALL THE BASINS THE 


Reservoir Pilarcitos Upper 


Crystal 
Year. Pilarcitos. San Andres. and Crystal 
composite. San Andres. Springs. Springs. 
49.47 48.80 51.9 37.4 
79-80 ...... 53.79 61.20 56.5 40.7 
55.50 48.10 51.2 36.9 
81-82.... 31.28 23.6 
57.20 49.50 52.7 38.0 
35.02 89.90 36.8 26.5 
80.7 69.70 74.4 60.1 
93-94 ...... 53.50 49.3 39.8 
45.96 52.30 45.30 39.0 
97-98 .... 26.90 24.8 20.0 
40.14 45.70 42.1 34.0 


Both and San Andres Reservoirs have had their natural 
water-sheds increased the addition small outside areas which 
the run-off caught suitably-arranged conduits and led into the 
reservoirs. Such conduits not all times trap and deliver all 
the run-off water which during heavy rainfall often exceeds the con- 
duit capacity. Consequently, such outside areas have been considered 
being half efficient areas entirely within the several drainage 


tal 
er, 
oir 
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basins. 


Moreover, outside areas have been added cut out from 
time time, the drainage basin areas have been subject some 
change. The following have been introduced into the 
Pilarcitos and San Andres combined 10.4 sq. miles until 1896, then 
11.3 sq. miles until 1902, and finally 10.5 sq. miles. 
Upper Crystal Springs, which later became part the Crystal 
Springs Reservoir, 13.79 sq. miles. Crystal Springs Reservoir (in- 


cluding Upper Crystal Springs) 23.16 sq. miles until 1896, thereafter 
22.26 sq. miles. 


TABLE Water THE DRAINAGE BASIN THE 
Water 


in 


millions 
gallons. 


Water consump 
tion. millions 
gallons. 


Storage increase, 
millions 
gallons. 


Waste, 
millions 
gallons. 


Year. 


1 466 + 6511 1977 


Uncertain. 

99-00........ 2779 3 074 
1900-01........ 4 383 8 203 
3 037 3 302 


The water surface the reservoirs varied area from month 
month and from year year. 


For convenience, has been assumed 
that the relation the water-surface area each reservoir its 


tributary water-shed has been constant. The water surfaces 


18 

83 532 — 1519 2 013 

3 957 +1978 Some. 5 985 + 

4 635 — 2410 2 225 

82-S3........ 3 265 — 1 423 1 &42 

8 453 + 899 wie 4 352 

84-85........ 3 674 —1415 2 259 

2140 + 2991 5 131 

86-87 3 455 — 690 2 765 

88-89........ 987 238 225 

on 2 252 + 4 366 Some. 6 618 + 

1890-91.. ..... 2 444 — 868 1 576 

1 407 — 389 1018 

92-98........ 2 925 t 176 Probable. 3 101 + 
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and San Andres were taken 7.5% their combined 
drainage basin areas; Upper Crystal Springs Reservoir 
average conditions, about 5.5% its drainage basin area, and Crystal 
Springs about per cent. 

based the water stage the reservoirs November each 
year. The tables have not been burdened with the details the 
culation. noted that, the Pilarcitos and San 
Andres Reservoirs, there uncertainty relating the quantity 
water wasted. The values run-off noted are therefore small 


rather than large—a fact which may taken into account the 
construction run-off curve. 


Water consump- Storage increase, Waste, 
gallons. gallons. gallons. millions 
gallons. 
629 648 
280 882 398 
1900-01........ 697 834 


For convenience, the data Tables may combined 
averaging all rainfalls within 5-in. limits and averaging the corre- 
sponding run-offs. This procedure gives the following results: 
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Pilarcitos and San Andres drainage basins. 
For rainfall 24.1 in., the run-off in.; with weight 


Upper Crystal Springs drainage basin. 
For rainfall 22.7 in., the run-off in.; with weight 

296 0 ce “ 3 0 “ “ 


51.5 “ “ 13. “ “ 


Crystal Springs drainage basin (including Upper Crystal Springs). 


For rainfall 20.0 in., the run-off in.; with weight 


“ “ 31.6 “ “ 6.0 “ 


Some the water which falls the earth the form rain 
snow absorbed the soil passes infiltration into the porous 
fissured cavernous sub-surface strata the earth’s crust. small 
part enters into the structure grasses, shrubs, and trees, an- 
other small part lost evaporation from the surface leaves and 
other parts and from the grass cover the ground when 
there any. The remainder visible run-off. That part the 
water which sinks into porous otherwise open pervious sub- 
strata, flows therein some point outfall and considered 
part the run-off the sense which the term herein used. 
assumed this discussion that all water thus moving under- 
ground and reappearing springs shall have reached the surface, 
and shall have become visible run-off the point for which run-off 
estimated. All other water which sinks into the soil returns the 
surface the course time and consumed sustaining plant 


life evaporated. the assumption, therefore, that material 
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part the water from drainage basin flows subterranean chan- 
nels past the point for which run-off estimated, may broadly 
stated that all water falling rain either appears the stream 
run-off evaporates. The assumption here made that there little 
sub-surface flow justified ordinary cases. Where condi- 
tions indicate the probability flow sub-surface channels 
porous strata, proper allowance for such conditions must made. 


TABLE AND SAN ANDRES AND 


PILARCITOS AND SAN ANDRES. UPPER CRYSTAL SPRINGS. SPRINGS. 
Year 
Run-off from from Run off from 
Rain, Rain Kain 
land only, land only, land only, 
1869-70 45.3 12.1 
78-79 51.9 20.8 37.4 0.0 
1880-81 51.2 29.8 36.9 0.0 
81-82 32.8 14.5 23.6 1.3 
82-83 31.7 12.4 1.4 
84-85 36.8 14.4 26.5 1.8 
85-86 51.8 30.5 37.3 9.5 
86-87 36.0 26.0 3.1 
87-88 45.4 25.4 4.2 
88-89 39.3 14.0 31.8 11.1 
74.4 37.6 60.1 44.4 
1890-91 37.6 10.2 $0.3 9.5 
91-92 37.9 6.9 30.6 4.2 
93-94 49.3 14.6 89.8 10.0 
94-95 64.5 Uncertain. 52.1 19.0 
95-96 15.1 38.4 6.3 
96-97 21.1 9.2 
97-98 24.8 9.5 20.0 0.0 
98-99 40.5 8.9 5.1 
99-00 42.5 17.2 38.3 4.7 
1900-01 18.0 34.0 1.4 
01-02 38.9 18.8 81.5 2.1 


| 


The values (above noted) run-off, for varying amounts 
precipitation, have been plotted ordinates from base line which 
the corresponding amount rain was scaled off. Thereupon run- 
off curve was drawn the position called for the individual points 
with due regard their weights (determined the number years’ 


q 

q 
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records which each represents). But, the construction this curve, 
the fact was taken into account that all water which does not appear 
the stream, or, this case, which does not reach the reservoir, may 
considered having been evaporated, and that, under California 
conditions, evaporation will greatest amount the long run 
the years greatest rainfall. The more frequent and the greater the 
soil saturation the greater will the aggregate evaporation from the 
soil the course the year. 

If, now, were supposed that there was evaporation what- 
ever, then, the course the year, the run-off would equal the rain- 
fall matter what the amount rain, and such case the run- 
off curve would straight line starting off from the initial point 
angle 45°—the scales which run-off and rain are plotted 
being the same. 

This ideal condition never exists; therefore, for any amount 
rain, the corresponding point the run-off curve must somewhere 
below the 45° line, fact, below amount corresponding the 
portion rain which here evaporation. 

If, now, above stated, the amount evaporation, expressed 
inches over the water-shed, increases with increasing amounts 
annual rainfall, the true run-off curve must drop farther and farther 
below the 45° line advances from small large annual precipi- 
tation. For large amounts rain will nearly parallel the 
line complete run-off. 

the other hand, run-off nil when there rain. There 
may some run-off due very small falls rain, depending upon 
rain intensity. Consequently, the initial point, the run-off curve 
must tangent the base These considerations were taken into 
account the construction the run-off curves shown the dia- 
gram, Fig. 

The stream gauging work the State Engineer California, 
1878 1884, and that the United States Geological Survey since 
1895, have furnished fairly reliable information river discharge 
the central portions California. This information, combined with 
interpretation rainfall records for the same periods connec- 
tion with the State rainfall map, Plate XLV, has made possible 
construct second run-off curve for areas that are the high 
mountainous class (Sierra Nevada with elevations 14000 ft.). 


oD 
Area 
Crystal Springs 50” 
Mokelumne 
San Joaquin«: 
Kings 
Kern 
RUN-OFF CURVES 
(CALIFORNIA CONDITIONS) 
7 Figures indicate number of years 
x, covered by each record, 
” 


un-olf 


R 


40” 50” 60” 
Inches 
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Unfortunately, the estimate precipitation here used, covering large 
areas, far from satisfactory. The rainfall stations are too widely 
scattered. There may number points rainfall maxima 
which have not been disclosed the records. believed that 
most cases the rain the large areas has been noted too low. the 
large drainage areas, moreover, there wide range the amount 
rain falling different parts the basin. Thus, the case 
Sacramento River, the normal rain the basin ranges from in. 
some valley points more than in. high mountain regions. 
Moreover, single rain years, the maximum may twice the normal. 
such years maximum rainfall there are some portions such 
basins that Sacramento River from which the run-off low 
in., and certain other though relatively small portions which 
the run-off depth may exceed 100 in. The utilization average 
value for the precipitation, therefore, permits only crude approxima- 
much more satisfactory treat such drainage basins subdivisions. 
This could not done the case Sacramento River for lack 
data. 


The force the foregoing statement can made clear simple 
illustration. Suppose case (Fig. which the rainfall 
fourth drainage basin low soil-covered hills in., the 
second fourth, in., the third fourth, in., and, the last 
fourth, in. this case the run-off, expressed depth water 
hereinafter shown, will be: 


Average run-off from the entire area........... 16.8 in. 


The average amount rain the entire drainage area in., 


| \ \ | 
| 
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and the run-off for 40-in. rain in., nearly in. less than the 
amount water which will actually the stream. 

may interest record here rule-of-thumb, for finding 
the run-off when the rainfall known, which has never before been 
published. This rule is: 


“The percentage the annual rainfall, when less than in., 
which runs the stream equal the number inches rain. 
any annual rainfall, in. excess in. goes into the ground, 
remainder run-off.” 

The reliability this rule for Coast rainfall conditions 
may judged comparison with the run-off curves shown Fig. 

Aided the run-off curves Fig. the following relation 
run-off rainfall may noted: 

For hills and low mountain drainage areas 
Range California, near San Francisco, typical) 

For in. annual rain, 0.3 in. run-off. 


“ 20 “ 1 9 
“ . 

“ 95 “ 3 3 “ 
4 

“ 30 “ “ 5.1 “ 


45 “ “ 18 9 
60 “ “ 95 8 
“ vil) “ 35.0 “ 
“ 80 “ “ 45.0 “ 


For drainage basins high mountain regions (Sierra Nevada 
Mountains, California, typical) 
For in. annual rain, 1.0 in. run-off. 


“ 50 “ 93.5 “ 
60 “ “ 32.5 “ 
“ 70 49.5 “ 


“ 100 “ 72.0 “ 
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not necessary state that the foregoing run-off figures repre- 
sent probabilities. They represent mean values for long time-periods. 
The run-off any single year may differ from the probable run-off 
wide margin. This possible great variation from the mean 
due the dissimilarity storm conditions the successive rainy 
seasons. Thus, for example, there may seasons with in. rain 
falling light showers, which the soil dries out sufficiently after 
each ready absorb the water the next. such case there 
would run-off. The same amount rain one two severe 
rain-storms, the other hand, might produce run-off several times 
great that indicated probable the run-off curve. 

The run-off curves shown Fig. are not perfect accord with 
the curves constructed 1903. believed that too great 
allowance was then made for water wasted. Consequently, the new 
for low soil-covered areas, based re-estimates throughout, 
shows somewhat less run-off for the same quantities rain than the 
1903 curve.* 

The run-off curve 1903 was used forecasting the probable 
water yield from number water-sheds within the mapped area. 
each case the normal annual rain the drainage basin was de- 
termined reference the rainfall curves the map. Thereupon 
the relation this normal the normal at, say Mt. Hamilton, was 
noted, and from the annuals Mt. Hamilton the annuals for the 
drainage basin were computed. These annuals were then used de- 
termine the annual run-off gross water production the basin and 
mass curve was constructed which served the ordinary way after 
storage possibilities had been ascertained estimate the net annual 
water yield. 

That the net water production the areas which are tributary 
the peninsula reservoirs has been about 500000 gal. per sq. mile per 
day has long been known. The gross water production land 
their water-sheds, according the figures noted the preceding 
tables, has averaged about 20700000 gal. per sq. mile per year, 
akout 570000 gal. per sq. mile per day. This water production 


from area about sq. miles which the normal annual rain- 
fall about in. 


Municipal Reports San Francisco, appendix, Water Progress 
and Municipal Reports San Francisco, 1903-04, Bay 
Water Company. 
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SAFE STRESSES STEEL COLUMNS. 


Discussion.* 


would like attention one point, often overlooked, regard 


the use the ratio, the reductive term practically all 


formulas. this ratio, the unsupported length the 
and its least radius gyration, both measured the same 
linear unit. The adoption this ratio equivalent assuming that 
the flexure long column will take place the direction its 
least transverse dimension; that is, column rectangular section, 
direction parallel the shorter side the rectangle; column 

That this assumption incorrect may shown investigating 
the resisting moment beam subjected transverse loads, the 
direction the plane which the loads act 

Take concrete example: Let (Fig. 18) represent the 
rectangular beam, which may subjected 
transverse loads acting any plane which contains the gravity 
axis, the beam. The problem then becomes that finding that 
direction the plane loads, My, which will cause the greatest fiber 
stress the section for given value the bending moment. 


Continued from Proceedings. 

complete’ analysis this question may found the paper Johnson, 
Am. Soe. E., entitled General Flexure Straight Bar Uniform 
Transactions. Am. Vol. LVI. 169 Professor Johnson’s 


furnishes striking graphical proof the facts demonstrated this discus- 
sion, 
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Mr. Tilden. Fig. this direction will either (the usual, but erroneous, 
assumption), some position intermediate between and 

For the direction, the maximum fiber stress tension will occur 
this will equal the compressive stress Similarly, 
For any intermediate position, My, the maximum tensile stress will 
then occur with equal compressive stress required 

find that value the angle between planes and 


which makes this stress absolute maximum for any given value 
the bending moment. 


4 
18. 


tesolve into its two components, sin. and cos. 
parallel, respectively, the principal axes the section. For 


| 
\ 
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The resulting tension is, then, 


Mr. Tilden. 


=0= (bcos. cos. 
Whence 
and 
sin. 


whence comes the important fact that the plane least resistance 
transverse forces, the case rectangular section, normal 

Bending, however, will not take place this plane; order 
find the direction flexure, the neutral axis for this condition must 
established. Assuming linear distribution stress, and that the 
beam subjected only transverse forces (that is, the neutral axis 
passes through the center gravity the section), second point 
the neutral axis may determined finding the stress This 
will 

obviously, this case, compressive. this value laid off 
any convenient scale and the value found above, laid 
off the same scale the straight line will ate,a 
point zero stress and therefore lying the neutral axis, which 
then established drawing Or, the distance may com- 
puted readily from the relation between and and the tangent 
the angle, between n-n and determined terms and 

This value 


The same principles may applied 
finding the weakest plane and correspond- 
ing neutral axis for any section. Fig. 
19, for example, shown column section 
built plates and angles. The plane 
rection, M-M,, and the neutral axis for 
this plane n-n. 

The foregoing analysis applies strictly 
beams only. If, however, member 
ing either the sections shown should 
used strut, and subjected axial 


tan. 0 = 


Mr. Tilden. 


Mr. Jonson. 
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that lateral flexure begins, the column would tend bend direc- 
tion normal the line, n-n. The neutral axis this case would 
parallel the direction n-n, though would not, course, pass 
through the center gravity the section. 

view the foregoing, therefore, the “least r,” radius gyra- 
tion parallel the least transverse dimension column, not 
strictly measure its greatest lateral weakness.* may readily 
shown experiment that long, thin strut, rectangular square 
section, flexed axial load, will not bend the plane its least 
dimension, unless forced restraint the ends. 

Empiricism, however, plays such important part the problem 
the strength columns, that perhaps not worth while 
the mathematical inapplicability term the ultimate value 
which, after all, rests experiment. The author’s formula direct 
and conservative, and its graphical simplicity commends highly; 
but the fact should not forgotten that the subtractive term this 
formula, all its predecessors, based erroneous assumption. 


Ernst Jonson, Assoc. Am. Soc. speaker agrees 
with the author that the working unit loads now used for columns 
should reduced, because they give smaller factor safety than 
that used for other structural members. the other hand, dis- 
agrees with the author’s contention that empirical formula con- 
sistent with the best possible design, such design pre-supposes 
understanding the nature the column, other words, theory 
columns. The speaker claims that the present high unit loads used 
for columns are due empirical methods, lack proper theoretical 
treatment the problem. also claims that most cases faulty 
column design, especially bad detailing, are due the same cause; 
and, finally, that large percentage the column tests are more 
less inconclusive because they were not made under the guidance 
theory. 

The theory the column was developed Euler, the eighteenth 
century, and, because was mathematically correct, was accepted 
applicable actual columns. When tests columns were made, 
was found, however, that they did not fulfill the predictions pure 
theory. This experience placed the theory under suspicion, and called 
forth numerous empirical formulas. more thorough study 
problem, however, revealed the fact that, while the theory was correct, 
was the theory mathematically perfect column physically 
perfect material, and, therefore, had been wrongly applied when used 
actual columns without any allowance being made for 
imperfections workmenship and material. 
Williams, Am. suggests that the variable the reductive term 


should made —,instead 
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Every actual column contains innumerable imperfections, such Mr. Jonson. 


irregularities form, lack uniformity the material, initial 
stresses, ete. All such imperfections have one thing common, 
uamely, that, far they affect the equilibrium the column, 
their essence eccentricity, divergence the line resistance from 
that the load. theory can take account all the innumerable 
variations found Nature; hence, order that problem may 
treated theoretically, must more less simplified. the case 
ing for all actual eccentricity which shall have the 
same effect the equilibrium the column all the 
actual ones. Since the magnitude this equivalent ec- 
centricity function the properties the material and 
the workmanship, must determined, course, tests, 
like other physical properties. 

The essence the theory the column follows*: 
eolumn, unless absolutely perfect, can develop resistance 
only bending, because subject bending moment 
which the product the load and the eccentricity. 
the column bends, the load moment increases, but, the 
same time, resisting moment arises. When the latter 
moment becomes equal the former, the column 
state stable equilibrium, hence follows that the curve 
flexure column curve cosines; this curve being 
the one which the second differential coefficient, which 
the resisting moment function, proportional the 
ordinate, which the load moment function. 
the flexure, is, then, 


The equation 


(Fig. 20). the maximum external load moment and the in- 
ternal resisting moment must equal, follows that 


where the maximum unit stress, and the distance from the 
neutral axis the extreme point section. Hence 


made equal the equivalent eccentricity, then be- 
comes equal half the length, the pin-connected column. 


*The development this theory may found Bach’s und 


| 
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cos. 


This equation expresses the relation between length and unit load. 
From Equation formula obtained for calculating the value 


have 


From this formula may seen that column tests are conclusive 
only when the unit load, the length, and the deflections two direc- 
tions right angles each other are accurately determined. The 
first and third these observations offer special difficulty, but the 
length seldom determined with sufficient exactness. The reason 
that, for the purpose test, the length column not the 
distance between its ends, but the distance between the two points 
the axis column which the bending moment zero. order 
fix the location these points, the bearings must able rotate 
without appreciable resistance around fixed centers. The best way 
accomplish this would using knife-edge bearings hard steel. 
pin bearings have used, the pins should the least possible 
diameter, well supported, and the bearings the ends the column 
should reinforced thoroughly that they would not strained be- 
yond the limit, even the breaking point the column. The 
deflection the column should also confined much possible 
direction perpendicular the axis the pin making the 
column quite wide the other direction. columns nearly equal 
stiffness both directions are tested, ball and socket bearings should 
used. the the tests given the author, not stated 
what extent inconclusive and misleading tests have been excluded 
plotting the diagram. Tests columns with flat fixed ends are 
inconclusive, because one cannot sure the absolute fixedness 
the ends. More tests, and more refined tests, are needed for satis- 
factory determination the value For the present, the speaker 
thinks that 0.25 may considered safe value for 

The object factor safety cover, with ample margin, 
the maximum variation each condition which affects the strength 
structural member. the case steel beams, factor safety 
about applied the unit stress, and this also covers any possi- 
ble variation the load, because the result the same if, for 


instance, the factor, applied the load and the unit 
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stress. columns, the other hand, makes difference how the Mr. Jonson. 


factor safety applied. Here must divided the unit 
load and the unit stress, that is, order get the same degree 
safety beam stressed 16000 lb., factor safety 1.5 
must applied the load, and unit stress 24000 must 
used, and besides, the value the modulus elasticity must re- 


to, say, 28000000 Introducing these values into Equation 
the result 


(24 000 1.5 


cos. iV 
640 
evident that this equation too complicated for direct use 
practice, and, therefore, must reduced curve. For this pur- 
pose, may written follows: 


THEORETICAL SAFE UNIT LOADS FOR STEEL COLUMNS. 


0.25 


15000 
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Curves for various values are given Fig. 21. Although the 
factors safety used for unit load and unit stress are the same 
those commonly used for beams, and although those for the additional 
elements entering into the column problem are very moderate, the re- 
sulting unit loads are very much less than those commonly used. 
other words, these latter unit loads not give the same factors 
safety those given other structural members. These curves also 
reveal another weak point the present method determining safe 


in, 

for 

nit 


Mr. Jonson. unit loads for columns, namely, that account taken the relation 

The foregoing general theory the column furnishes basis from 

which rational method designing column details may developed. 


the fact that establishing column formula, limited values 


between and 120, provision made for certain classes con- 


struction. towers and other light structures very fre- 


quently include compression members which the ratios 


greatly excess 120. does not appear sufficient charac- 


terize all such work simply third-rate, and beyond the pale proper 


specifications. Either the excessive values used for 


wrong and their continued use grave error, column formula 

claimed, the builders such towers, that their practice 
based upon tests full-sized structures, and, the aggregate, large 
such tests have been made, representing probably the 
largest series full-sized tests framed structures. 


Without wishing advocate excessive values the writer 


would suggest that competitive bidding, particularly when the 
financial resources the purchaser are not great, the limiting value 
cellaneous designs covering variety work, presumably approved 
different engineers throughout the country. 


approximately 200. Table has been compiled from mis- 


TABLE 12. 


mission tower, Member. Section. 
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THE FLOOD MARCH, 1907, 
THE SACRAMENTO AND SAN JOAQUIN RIVER 
BASINS, CALIFORNIA. 


Am. Soc. (by United States mr. Grunsky 


Geological Survey, through its Water Branch, has again 
taken important subject practical way. The engineer who 
called upon improve the navigability river, improve 
drainway, otherwise rectify it, rarely has opportunity 
collect the data relating stream flow that are necessary for the 
solution his problems. Neither time nor opportunity may 
his disposal observe the river critical stage. must turn 
records showing extreme conditions, which knowledge es- 
sential requisite, his conclusions are value. has been the 
general experience throughout the United States that the individual 
States cannot relied upon observe continuously rainfall, stream 
flow, and run-off conditions. This work, therefore, falls naturally 
the Federal Government. 

The Weather Bureau and the Army Engineers, thus far, have 
failed appreciate the importance the study the water resources 
the and has thus been left the United States Geologi- 
cal Survey, through its (now Water Resources) Branch, 

*This discussion (of the paper Clapp, Am. E., Murphy, Assoc. 


Am. E., and Martin, Jun. Am. E., printed Proceedings Feb- 


ruary, 1908), printed Proceedings order that the views expressed may brought 
before all members for further discussion. 
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Mr. Grunsky. collect the much-needed information. line with these remarks, 


the writer, 1894, referring California conditions, 


“The great value data rivers the importance 
the Sacramento and San Joaquin does not yet seem appre- 
ciated the Army Engineers charge river improvements. 
Their attention has been directed solely maintenance depth 
water the low stages, and the collection data them has not 
been extended beyond study the conditions low-water stages; 
high-water gaugings have been made, river-rod records are being 
kept, yet one assistant could furnish, the basis frequent approxi- 
mate gaugings Sacramento River near Red Bluff, Feather River 
near Oroville, and American River near Folsom, with occasional 
measurements the flow smaller tributaries, reliable exhibit 
the volume water entering Sacramento Valley. 

“It may claimed that the Engineer Corps not interested 
records the high stages the rivers; that their 
recommendations cannot extend beyond the conservation the naviga- 
bility the low-water channels, and that all data pertaining the 
river flood should collected the authorities directly interested 
land protection and reclamation, the State, and the land 
owners. But must evident that works improve drainage should 
not detrimental commercial interests and vice versa. Questions 
expediency the matter changes alignment, cutting off bends, 
division and control surplus waters, which arise connection 
with drainage problems, must discussed their bearings upon the 
navigability the rivers, and, without data relating the river 
all its stages, the Engineer Corps will but poorly equipped 
combat acquiesce the recommendations engineers studying 
drainage problems.” 


The authors the paper, too, are thanked for the contribu- 
tion this material the Society, where its value will enhance:l 
discussion. 

The writer, while Assistant State Engineer California, charge 
office computations, the years following 1878, under William 
Ham. Hall, Am. Soc. E., who was then State Engineer, was en- 
trusted with analysis flood conditions similar that presented 
this paper. that time, however, the representatives the Water 
Branch the Geological Survey were not the field, 
and comparatively little was known the water delivery the in- 
dividual streams into the Sacramento and San Joaquin Valleys. How- 
ever, gaugings had been made and rating tables had been constructed 
for various points Sacramento River. Some gaugings tribu- 
taries had also been made, and was possible, from the knowledge 
(though imperfect) rain distribution and run-off from certain 
areas, approximate other run-off values and through these the 
stream flow for selected time periods. The attempt combine these 
properly, with due allowance for the time which each stream was 


the Commissioner Public Works the Governor California,” 1895. 
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its maximum stage, the duration the storm producing the high mr. Grunsky. 
stage, the length time that would elapse before the tributary pro- 
duced maximum effect upon the main stream, and the modifying 
effect channel storage, led special study flood-wave movement 
the writer, and incidentally the use (probably for the first time) 
the mass-curve (though not under this name) which now gen- 
erally made aid studying the influence storage upon water 
yield. 
The following discussion the flood-wave problem, then worked 
out, was published 1895 


“When supply water received river from tributary, 
excess the ordinary flow the tributary, and the capacity the 
river sufficiently great accommodate this addition its volume 
flow, then the river the immediate vicinity the tributary will 
rise, and the water thus elevated portion the river channel will 
seek its level. The flow the river and elevations water 
surface will sucessive time-periods increased all points below 
the source supply; flood-wave will travel down the river. 

“The wave represents rise water above normal condition, 
and discharged into long, narrow body still water would 
seek its level. The wave when launched upon flowing stream has the 
same tendency elongation, and the front the wave therefore 
moves down stream speed greater than that the current the 
river before the flood-wave was created. 


“The form the flood-wave determined time and elevation 
water surface any point. 

“The discharge curve any point corresponding the time- 
period during which flood-wave passes, somewhat similar form 
the flood-wave determined elevation the water surface, but 
the maximum discharge occurs before the crest the wave reaches 
that point, except cases when the maximum flow long sustained. 

“The velocity with which flood-wave travels down stream de- 
pendent: 

the total amount water which supplied produce the 
wave; 

“Upon the rate supply; 

“Upon the character and dimensions the waterway through 
which the wave travels; 

“Upon the amount and velocity the water already the river. 

“The flood-wave velocity varies therefore for each flood, for every 
river, and for the several portions each river. 

“The velocity movement not the same for the different por- 
tions flood-wave. other words, the form flood-wave 
changes; elongated moves from point point. will ex- 
tend its front more rapidly than its crest moves, while its extreme 
upper limit (which marked the falling the water surface 
the elevation which would have held had there been flood- 
wave) will not much variance with the velocity the river 
for that particular stage. 


the Commissioner Public Works. California,” 120. 


Mr. Grunsky. 
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“Above the crest the wave there must portion the river 
channel partly filled with flood-wave water. The length the 
up-stream portion the wave continually increasing consequence 
the more rapid advancement the wave’s crest than its upper 
terminal point. 

“The total volume water represented flood-wave remains the 
same every point passed, but the time consumed passing will 
greater for points near the mouth the river than for points farther 
stream, and the maximum discharge due the wave must for this 
reason decrease the mouth river approached. 

“If the dimensions river channel and its flow some point, 
where all its waters are confined, are known, may required 
determine what the greatest discharge some point, farther 
down stream would due flood-wave passing the point 
water were allowed escape from the river channel between and 

“The discharge per unit time must vary from that 
because the time required flood-wave pass greater than 
that required the same wave pass follows directly that 
the mean discharge for the flood-wave period less than 
and supposing the forms the wave and resemble each 
other, will always the case when and are not too far apart, 
the maximum discharge must also less than the maximum 
discharge 

“Let amount water river channel between and be- 
fore the front the flood-wave has reached 

ete., amount water river channel between 

“D’, ete., total amount water which has passed 
the end the time-periods ete. 

ete., the total amount water which has passed 
the end the time-periods ete. 


“Then 
ete. 
ete. 


ete. 

“The river will continue rise until the the wave 
passes and then commences fall, but ordinarily less rapidly 
than rose. Consequently the value increases until the crest 
the wave some point between and 

“Tf the character the river similar that the rate 
rise may assumed greater than the rate falling 
and the flood-wave sufficient extent have its upper end above 
when its crest the will attain its greatest value when the 
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“Approximately, then, may assumed that the time which mr. Grunsky 
maximum the time which the crest the wave reaches 
“The greatest discharge occurs just before the time the crest 
the wave passes very nearly the same time when 
maximum. (This only then the case when and are not too far 
apart, and the flood-wave still passing when its crest reaches B.) 
“Tf the conditions are not favorable here supposed, then the 
time which maximum, and the time which the discharge 
“In either case the discharge can approximated with 


considerable degree the following method.” (See Fig. 


“On horizontal line time sealed off. 


the ends the several 


ete., the values total discharge past 
are plotted ordinates, and establish curve total discharge 

“By subtracting from each the ordinates the curve’ the 
value q), where represents the approximate value the 
maximum channel storage due the flood-wave between and 
parallel curve will result, the ordinates which are 


Foot of Flood 
wave-at B 


2 
> 
2 
> 
x 


\ Head of Flood wave at B 


| 


| 


Head of Flood wave at A 


the river before the flood-wave commenced advance was 
normal condition, and the effect tributaries between and 
disregarded, then: the total flow was the same that (D) 
until the front the flood-wave reached and the successive 
discharge the curve thus determined will with the 
curve for can moreover projected beyond that point for 
about the time required for the front the wave advance from 

words, the curve total discharge the and the curve 
whose ordinates are have one point common. 


| a = | 
= 4 \| & = 
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“When finally the upper end the wave has passed the two 
curves total discharge and will again coincident. 

“The curve total discharge thus has two points definitely 
fixed, its direction these points also known, and must tangent 
another curve some point between the former. 

form can therefore approximated. The point which the 
curve’ has common with the curve the can more- 
over approximated approximately determining the time which 
maximum. The approximation the curve’ greatly as- 
sisted determining the time which maximum. The ap- 
proximation the greatly assisted approximating 
water elevations for points intermediate between and and there- 
fore for many points the time scale required. 

“Should the amount water (Q) stored between and re- 
main the same for some time after attains its greatest value, then 
the curve’ will for that time remain parallel the The 
greatest discharge will then the same the discharge 
the time when becomes maximum. 

“As soon the amount water stored between and begins 
decrease, the curve’ will begin approach the curve,’ and 
the discharge will less than 

“The discharge for unit time the tangent the 
curve.’ 

“The discharge for time unit the tangent the curve.’ 

“From the foregoing will appear without further demonstration 
that the greater the reservoir space which provided the river 
channel above any point, the less will the maximum flow the 
river past that point, the maximum supply from above does not 
beyond the time required completely fill the reservoir 
space, and even then increased reservoir space above any point reduces 
the frequency maximum flow. will always, therefore, found 
advantageous when attempting control floods the construction 
embankments along rivers, place these far apart the upper 
portions the rivers, and overflow flood-basins, the 
latter can arranged that they will not receive water unneces- 
sarily low stages, and are located that quick redelivery their 
water into the river channel possible.” 


The high-water stage Sacramento River during flood stage 
which March, 1879, may analyzed follows: 

For the time period, March 4th 20th, 1879, inclusive, the follow- 
ing mean values were determined: 


Sacramento River dis- 
charge, Iron 


near Red Bluff 


(gauging station) 37100 cu. ft. per sec. 
From tributaries, Iron 


150 cu. ft. per 


Papers. 


Channel storage, Iron 
Cafion Colusa, ele- 
vation March 4th 
elevation March 
20th 

River dis- 
charge 
‘gauging station) 


Consequently, 
bank 


over- 
through 


breaks and 


above Colusa 
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990 cu. ft. per see. 


45 780 “ “ 


373 


cu. ft. per 


380 cu. 


The over-bank flow above Colusa was, for the most part, the east 


side, south Chico Creek. 


rcached Sutter Basin. 


Sacramento River dis- 
charge 
(gauging records) 

Sacramento River dis- 
charge Knights 
Landing (gauging 

Channel storage, Colusa 
and Knights 


ing 


Consequently, over- 
bank 
Colusa and Knights 
Landing about.. 


000 cu. see. 


200 “ “ “ 


This water passing through Butte Basin 


780 cu. ft. per 


600 cu. ft. per 


this over-bank discharge, only about cu. ft. per sec. went 
the west, all the remainder went over the east bank into Sutter Basin. 
These figures checked well with the aggregate estimates for each 


Sacramento 
Knights Landing 
(gauging 

charge into Sacra- 
mento River and into 
lower end Sutter 
Basin .... 


ft. per see. 


300 cu. ft. per sec. 


Mr. Grunsky. 


l 


374 DISCUSSION CALIFORNIA FLOOD Papers. 


Mr. Grunsky. Discharge over-bank 
through crevasses 
the right bank 
Sacramento River be- 
tween Knights Land- 
ing and Gray and 
Shaw’s ........... 11150 eu. ft. per 
Sacramento River 

Gray 

(gauging station) be- 

tween Knights Land- 

ing and Gray and 


270 cu. ft. per sec. 
Consequently, flow from 
Sutter 


Sacramento River 
cu. ft. per sec. 


The water Sutter Basin was about 5.75 ft. higher March 20th 
than March 4th. Its volume had amount equal 
mean flow 20400 ft. per see. The total quantity water 
which this basin received the days, therefore, (storage plus 


The flow water from Butte Basin into Sutter Basin was esti- 
mated follows: 


Discharge Butte, 
Table Mountain and 
Butte Basin, and 
from that into Sutter 
810 cu. ft. per see. 

Over-bank flow from 
Sacramento River in- 

Basin, 

thence into Sutter 


2180 cu. ft. per see. 
Sacramento 

Gray and Shaw’s... 54000 ft. per see. 
American 

charge into Sacra- 

mento River ...... 


ft. per see. 


Papers. 


Sacramento River 
Freeport, miles 
below American 

River (gauging sta- 

tween 


outflow from 
river, 
from American Basin 

The over-bank flow in- 
Yolo 
points between Gray 
and Shaw’s and Free- 
port was estimated 


Consequently, Ameri- 
just above American 
river, received more 
water from the river 
than 
from the basin into 
the river, about.. 


270 “ 
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700 cu. ft. per see. 


“ 


cu. ft. per see. 


ft. per see. 


10 500 “ “ “ “ 


530 cu. ft. per 


Relating American Basin, was estimated: 


Bear 
River 
and Feather 
River across banks. 
creeks 
south Bear River 
ceived 
mento River, over- 
bank, net 


4080 ft. per see. 


1 060 


“ 


670 cu. ft. per sec. 


) 
530 “ 
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Basin March 20th 
was ft. higher than 
March 4th. This 
increased storage 
equivalent ...... 690 cu. ft. per 
The discharge Feather River for the days the 
following: 
Feather River discharge 
Burt’s Ferry.... 21660 cu. ft. per sec. 
North and South Hon- 
Yuba River discharge. 10330 
Bear River discharge. 2210 
850 cu. ft. per sec. 
Over-bank flow from 
Feather 
Rivers into Ameri- 
4080 cu. ft. per see. 
Channel storage, 
Feather River below 
Burt’s Ferry 


River discharge 
into Sacramento 


Had all the water been confined the river channels above Gray 
and Shaw’s (located few miles below the mouth Feather River) 
then the aggregate discharge Sacramento River that point would 
have been increased the total over-bank flow above that point, and 
would have been decreased the total flow into the river from Sutter 
Basin. other words, the total increase would have been equal 
the storage increase Sutter Basin, 20400 cu. ft. per sec., plus the 
flow over-bank from Feather and Bear Rivers into American Basin, 
4080 cu. ft. per sec., plus the flow over-bank from Sacramento River 
into Yolo Basin points between Knight’s Landing and Gray and 
Shaw’s, 11150 cu. ft. per sec., or, the aggregate, 600 cu. ft. per 
sec. 

The measured flow Gray and Shaw’s for the days was 
cu. ft..per sec. all the water had been confined the river channel, 
the total discharge there would have been 54000 35600 600 
cu. ft. per sec., reduced some small indeterminate amount, repre- 


sented channel storage, that would have resulted from the neces- 
sarily higher water stages. 
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The increased average flow the river below the mouth Ameri- Mr. Grunsky. 
can River (Freeport gauging station) would have been the increase 
Gray and Shaw’s, 600 cu. ft. per sec., plus the contribution 
American Basin creeks, 1060 cu. ft. per plus the outflow through 
crevasses the river bank into Yolo and American Basins points 
between Gray and Shaw’s and Freeport, 11030 cu. ft. per or, 
the aggregate, about cu. ft. per sec. This increase, however, 
again subject some reduction account storage water the 
river channels resulting from the higher waters that, doubt, would 
have resulted regulated river carrying the entire flood flow. 

These amounts increase volume flow are mean values for 
the entire period days. They represent the maximum 
momentary increase. safe, therefore, say that the maximum 
would have been increased least these amounts and probably 
more. The mean value, for the purposes approxi- 
mation, may considered about two-thirds the maximum. 
this assumption, the greatest discharge Sacramento City (Freeport 
gauging station) would have been increased March from 
71000 about 143000 cu. ft. per sec. 

Although, already stated, the flow estimate such streams 
Yuba, Bear and American Rivers, Stony Creek and other streams was 
not based gaugings during the flood conditions March, 1879, 
their aggregate output could still ascertained with fair degree 
approximation because nearly all their waters dropped into overflow- 
basins known extent and known water surface elevation. This 
fact, shown the foregoing analysis, proved valuable aid the 
what the river discharge would have been all water had 
been confined adequate channel. 

flood discharge study for the 1879 conditions, similar the fore- 
going, was made 1879 and 1880 the office the State Engineer, 
and was supplemented another estimate based the mass-curve 
flood-wave movement method, which has already been explained. 
Figures are not command give the basis this second estimate 
detail. was necessary assume definite position river levees 
which the estimates channel storage were then based. There- 
upon, water elevations were approximated for the selected time period. 
Where data were lacking relating the discharge streams the 
points where they entered the valley, discharge curves were controlled 
shape the known shape discharge curves other streams, 
and comparison the run-off per square mile drainage area. 
Reasonable time allowances were then made for the forward move- 
ment the flood wave each tributary, and flood-wave shapes were 
modified making proper allowance for channel storage. 

result this second estimate, was concluded that, during 
the flood period March 4th 20th, 1879: 


Mr. Grunsky. 
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The Feather River maximum delivery into Sacramento River 
would have March 6th, and would have been 400 ft. 
per sec. 


The American River maximum discharge would have occurred 
March 6th, and would have been 000 cu. ft. per sec.. 


The Sacramento River maximum discharges would have been: 


“ 


similar study was made later for the flood condition January, 
1894,* and the following probable maxima were determined: 


Sacramento River Red Bluff.............. 152000 eu. 


per see. 
“ “ 


The actual maximum discharge Sacramento City 1894 was 
only about 54000 ft. per sec. January, 1894, the river rose ft. 
higher Red Bluff than during the flood stage March, 1879. The 
river Sacramento, January, 1894, was ft. lower than March, 
1879. the earlier date the flood-basins were well filled with water; 
the later date they were practically empty the commencement 
the rise and were therefore particularly efficient retarding the 
passage the flood wave down the valley. 

allowance for storage, outside the present alignment river 
levees, was made arriving the foregoing figures, although 
well known that would impossible carry flood volumes between 
the present lines levees. 

Neither the flood conditions 1879, which are the main basis 
the foregoing discussion, nor those 1894 were extreme conditions. 
Both floods were such may occur frequently. That 1879 was the 
result rainfall conditions that have been described 


“After moderate rains January, 1879, general rain set 
February 7th. The storm continued six days, during which time 3.15 
inches fell Sacramento. After intermission day, rain again 
fell during three-day rainy period the extent .73 inch. 
The next two weeks were dry. rained little March 2d, and 
second general storm commenced March 4th. the 5th, the pre- 
cipitation reached 1.97 inches Sacramento, and during this storm, 


Consulting Engineers, Manson and Grunsky, Commissioner Public 
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whieh continued March 9th, the precipitation Sacramento was Mr. Grunsky. 
3.85 inches.” 


the flood stage 1907, according the interpretation the 
the Geological Survey records Red Bluff, the 
discharge was 204000 cu. ft. per sec., and there were five 
days which the discharge exceeded 100000 cu. ft. per sec. The 
mean flow for days was 98500 cu. ft. per and for days 
probably exceeded 80000 cu. ft. per The Feather River Oro- 
ville shown have been its highest stage the same day that 
Yuba and Bear Rivers were highest. The combined mean flow 
streams for days was 112 800 ft. per and for period 
days, probably about ft. per sec. 

Comparing these values with those heretofore noted for the high 
water 1879, found that the flow days Red Bluff 1907 
exeeeded that 1879 about cu. ft. per sec. was more 
twice great. For the same length time, the discharge 
Feather River and its two tributaries 1907 exceeded the flow 1879 
52000 ft. per see. this also, the later run-off was more 
twice great the earlier. The maximum Red Bluff 1907 
was 54% greater than the maximum 1879. This comparison 
indieation that about twice the channel capacity drainways would 
required for flood similar that 1907, for one similar 
that 1879. 

The water which would pass down the Sacramento Valley thus 
indieated for the latitude Sacramento would somewhat more 
than cu. ft. per not including Cache Creek Puta Creek 
discharges. This amount compared with 559000 cu. ft. per 
see. noted the authors for Sacramento River below the mouth 
River, and 230000 ft. per sec. estimated the Board 
1904. this comparison seemed indicate over- 
estimate the part the authors, led further examination 
their figures. They have allowed their estimate for the time that 
takes flood waves travel from point point, but have not made 
the proper allowance for the flood-wave shape. Thus, for example, the 
combined maxima Feather, Yuba and Bear Rivers, 258000 ft. 
per see., are assumed being delivered into the Sacramento River 
practically the same instant time, without taking into account the 
reduction these maxima that must result from flood-wave elongation. 
for such elongation would reduce the maximum delivery 
these three streams into Sacramento River about 20000 cu. ft. per 
see, 

shown similar way that the river reservoir space be- 
iween Red Bluff and Feather River would have like modifying ef- 
feet upon the Sacramento River discharge, and that, consequently, the 
iotal discharge for which provision made below the mouth 
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Feather River will somewhat less than the 466000 cu. ft. per sec. 
noted the paper. 

get some idea the maximum output the Sacramento River 
below Cache Slough, under regulated conditions, that say, with 
enough waterway, natural and artificial, carry the entire flood dis- 
charge, the following process 

Assume upper limit the mean velocity high-water 
stages, the channels traversing the Sacramento Valley 
ft. per and 7.5 ft. per sec. the channels such Feather, Yuba, 
Bear and American Rivers, which cross the direction the valley. 
this assumption, and first approximation maximum discharge 
the cross-sectional area the required channels can determined. 
Let then further assumed that, the cubical contents the 
channels thus determined, variable amounts, ranging from four-fifths 
for the tributaries and up-river reaches one-half for the lower 
stretches the river, will available reservoir space filled 
during the passage the flood. this assumption, the total water 
stored the channels some time during the flood would have ex- 
ceeded the channel contents the beginning thereof amount 
equivalent flow about 600000 cu. ft. per sec. for one day. 

Using the discharge figures given the authors without correc- 
tion, but apportioning the flow noted for valley and foot-hill areas 
the several days the flood period, will seen that the aggregate 
amount water which entered Sacramento Valley was: 


March about 140000 cu. ft. per sec. 
“ 17 “ 313 000 “ 

712000 

547000 

374000 


the mass-curve method, already described, can now shown 
that the maximum discharge the Sacramento River below its lowest 
tributary would have been about 540000 ft. per sec., and that this 
would have occurred late March 19th, March 20th. the 
assumed mean velocities are probably excess those that would 
prevail flood-water channels, seems probable that the high-water 
channels would have correspondingly larger and that there 
would, fact, somewhat more channel storage effective holding 
back flood-waters than above assumed. 

believed that 540000 cu. ft. per sec. approximation 
the maximum discharge that would have resulted Sacramento River 
below Cache Slough water had been delivered into the valley esti- 
mated the authors, and had all been confined adequate 
channels, nearer the correct value than the 640000 cu. ft. per 
noted the paper. 
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Not only this probable, but thought likely that the authors mr. Grunsky. 


over-estimated the high-water discharges most the streams. 
The rating tables are based gaugings made for the most part 
low stages, and are approximations for discharge high 
stages, which the disturbing effect irregular channel great. 
writer believes, however, that the récorded discharge Sacra- 
mento River through Iron Cafion, where the river lies beautiful 
reach and has bottom permanent nearly so, not materially 
error. But the case Feather River Oroville, and the Yuba, 
Bear and American Rivers, the over-estimate probable. 

run-off 500 ft. per sec. has been assumed the authors 
for 4-day period from the flat, arable, and for the most part culti- 
vated, surface Sacramento Valley. This said 50% the 
which fell the valley from March 17th 20th. represents 
run-off depth about 0.85 in. The rain which caused was there- 
fore evidently taken about 1.70 in. Now, well known that 
about in. may fall ordinary rain storm, such that March 
16th 20th, extending, did this, over several days, without produc- 
ing any run-off from valley lands nor from the adjoining low foot-hill 
region the west. illustration this point, the following ex- 
perience the writer may noted. April, 1896, while study 
west side Sacramento Valley drainage project was being made, 
commenced rain and the storm proved general. Preparations 
were made gauge the foot-hill streams, but they did not respond 
the rain. Although nearly in. rain fell four days some por- 
tions the region under consideration during storm which 2.84 
in. fell the same four days Sacramento and 2.31 in. Willows, 
the Coast Range foot-hill streams brought down water. this 
oceasion, the foot-hill lands and the flat valley lands took in. 
water without producing enough run-off reach the trough the 
valley. believed, view the foregoing, that the 500 cu. ft. 
per see. are far excess the actual valley run-off. probable 
that one-tenth one-fifth this quantity would nearer the truth. 

Again, 76000 cu. ft. per sec. are noted the mean run-off for 
4-day period from low mountain and foot-hill areas, some the east 
side the valley (about sq. miles), and some the west (about 
1500 sq. miles). That the west includes Red Bank, and Thomes 
Creeks; that the east, Deer, Mill, Chico, and other streams 
which respond readily winter storms. But much the area 
the foot-hill type, which absorbs moisture greedily, and for 
which the assumed run-off value for 4-day period cu. ft. per 
see. undoubtedly too large. This run-off equivalent days 
run-off depth 3.72 in. produce this the course rainy 
season there would ordinarily required about in. rain. 
not believed possible that the low areas, where there was little 
snow, such amount water flowed the streams. 
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view, therefore, the over-estimates the run-off from valley 
and foot-hill areas, and the probable over-estimate the discharge 
the principal tributaries the river, may safely assumed that 
the figures given the authors Table are over-estimates, par- 
ticularly those applying the lower reaches the river. The prob- 
ability that the figures for the actual water quantities pro- 
vided for lie somewhere between those the Board Engineers 
1904 and those given the authors, though probably nearer the latter. 

The same criticism relating over-estimates that has above 
made with reference the regulated flow Sacramento River applies 
the case the San Joaquin. The rains March, 1907, produced 
very little run-off from San Joaquin Valley lands, except small 
areas near Stockton and possibly near Merced, where the soil clayey. 
The total valley run-off was small that may well 
has been entered the authors 23560 cu. ft. per sec. mean 
for 4-day period. Neither did the foot-hill lands produce run-off 
1.8 in., the amount assumed for which aggregate for full 
ordinary rain year rain about in. would requisite. 
the other hand, this flood was not typical the great floods 
the San Joaquin Valley. All the streams southward from the 
Mokelumne River have times been much higher. Such years 
and 1867-68 would produce conditions very different from 
those which prevailed the San Joaquin and its tributaries 1907. 
There oceasion, therefore, for attempting apply here, also, 
analysis, though believed that this were done the 
relative reduction the total appearing for San Joaquin Basin 
Table would much greater than the reduction above indicated 
probable correction applied the total given for the 
mento Basin. 

The writer shares with the authors the opinion that would 
desirable deal with the drainage and irrigation problems the 
Sacramento Valley single project, and convinced that water 
storage the mountain water-sheds, pointed out the paper, 
would beneficial. The aggregate amount storage that can 
made effective elongating flood waves, however, relatively small. 
Under the high-water conditions they prevailed the critical period 
March, 1907, the great reservoir Pit River would have held back 
only about 200000 acre-ft. Nearly 3000000 acre-ft. its capacity, 
while useful holding water supply for irrigation, would have been 
useless modifying the flood discharge Sacramento River into the 
head Sacramento Valley. other respects, too, the full benefit 
the reservoir capacities cannot hoped for. Being intended hold 
water reserve for irrigation, they should full nearly full 
spring, yet their maximum efficiency modifiers flood discharge 
depends upon their being empty nearly the beginning the 
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period during general rain storm, which may occur late mr. Grunsky. 
April. Intelligent control outflow from the reservoirs during 

the rainy season, therefore, requisite, they are materia! 

effect reducing river discharge maxima. 

The total amount storage capacity the reservoirs mentioned 
000 would not have been effective, because the water was 
not available sufficient quantity for storage the Big Valley 
Pit River. part the remaining 1800000 acre-ft. would likewise 
unavailable for restraining flood waters any month March 
use for power and irrigation being assumed, reservoirs 
might then already half-full stage. The storage available, un- 
der such modify March flood would 900009 
acre-ft., equivalent about one day’s discharge from all sources into 
Sacramento Valley under such conditions run-off prevailed from 
March 17th 20th, 1907. The half-full stage March used here 
merely illustration the principle involved. According the 
quantity snow the ground, and other known conditions for each 
reservoir, there might considerable departure from the half-full 
stage the individual reservoirs. 


Am. Soc. (by paper has mr. Chitten- 
particular interest the writer because the exhaustive study that 
made the flood problem the Sacramento River 1904, 
inember the Commission Engineers appointed the State 
California investigate that problem. One the chief difficulties 
which the Commission encountered its work was the lack accurate 
data upon the flood discharge the main river its tributaries. The 
data which the authors have here presented complete and satis- 
manner cannot fail immense value any future 
plans for the solution that problem. 

The writer notes with considerable satisfaction the records the 
flood discharge Stony, Cache and Puta Creeks. The only data 
available the time the Commission made its investigations gave 
such absurdly large figures for the discharge these streams that 
the Commission deliberately rejected them, and arbitrarily assumed 
others which seemed them nearer the facts. now appears 
that even their estimates were too high; and may safely assumed 
that these streams, particularly Cache and Puta Creeks, will longer 
the bugbear which they were previous investigations this 
problem. 

regard the maximum discharge the Sacramento River 
the recent flood, the assumption its being all confined the 
channel, the writer the opinion that the figures given the 
are somewhat excessive. stated their paper, allow- 
ance was made for the attenuation flood waves their progress 


1 


Mr. Chitten- down stream, and the discharge was taken the arithmeti- 
den. 
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cal sum the discharges the tributaries, with time allowance for 
their reaching certain specified points. While this assumption was 
probably more nearly correct the late flood than would have been 
any other the known history the river, still the writer believes 
that not entirely correct, even this case. The main stream re- 
ceives accession whatever high water below Stony and Chico 
Creeks (at the upper end the flood plain), except the mouths 
Feather and American Rivers and Cache Slough. the trunk stream 
were treated that could flood like that 1907, its channel 
capacity would great that large amount storage would 
absorbed any considerable increase gauge height, while, the 
upper portion least, there are many obstructions the regular 
flow that any computation the rate progress flood crest 
could hardly depended upon correct. short, sharp 
wave, like that 1904, which the discharge Iron Canyon rose 
from cu. ft. per February 15th next day and 
fell the third day, there can question that the wave 
flattens out very rapidly its way down stream; and, upon passing 
out into the bay, its maximum value would probably not more than 
half that Iron Canyon, but would much longer passing. 
course, this effect will proportionately less pronounced, 
flood wave long duration, rising gradually its crest and fall- 
ing gradually therefrom; and this was exactly the situation the 
flood 1907. Still, the writer inclined think that, taking all 
things into consideration, there was some diminution the volume 
the flood wave crest with the progress down stream, both the 
between Iron Canyon and the mouth Feather River, and 
that below the mouth American Fork; but, with the utmost allow- 
ance for this effect, still apparent that the discharge vastly ex- 
ceeded that any other flood which there is.a definite record. 

The writer also inclined think that the authors give greater 
weight the effect the proposed reservoirs flood like that 
1907 than they are justified doing. the importance reservoirs 
storing the flood waters streams, there can question. The 
value this stored water great many directions—for power, 
irrigation, and even navigation the utilization all pos- 
sible reservoir sites justifiable from nearly every point view. 
questionable, however, whether the creation such reservoirs 
vast outlay justifiable from the point view flood protection 
alone; and even reservoirs were built exclusively for that purpose, 
doubtful popular sentiment would not sooner later compel 
their use for industrial purposes. 

Now, when comes combination industrial use and flood 
protection, will once found that the two purposes are very con- 
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For industrial use important that the reservoirs full Mr. 
when the season heavy precipitation terminates; for flood protection 
important that they always kept empty until the danger 
flood-producing rains certainly passed. will understood, 
course, that, making this statement, the writer speaking gen- 

eral terms, and fully understands that particular reservoir site may 

have special conditions which may modify some extent; but, 

broad generalization, unless reservoirs are given extraordinary 
capacity, not probable that they can utilized their full ex- 

tent for protection against the larger floods. This especially true 
when conditions prevail like those which caused the flood 1907. 

The streams the Sacramento Basin appear have been practically 

flood stage for considerable period before the final storms 
March 17th, 18th and 19th arrived. Unless the various reservoirs (if 
built) were provided with enormous sluice-ways, capable exhausting 

the storage nearly fast came previous these dates, 
would probably have been quite impossible keep them from filling 

up.* 

must remembered that fatal obstacle the perfect handling 
any system reservoirs, from the point view flood protec- 
tion, that Science has yet furnished means predicting 
climatie conditions with any degree certainty. can never 
foretold when what magnitude storms will come, and, therefore, 
the only safe plan follow, reservoirs are kept use for 
purposes preventing floods, always keep them nearly empty 
possible; but this, previously stated, contrary the policy 
required they are used for industrial purposes. 

the writer’s opinion that, those reservoirs which have 
sufficient drainage area above them exercise appreciable in- 
fluence upon flood like that 1907, not more than four could 
depended upon realize the authors’ expectations, and the 
remainder (on the Sacramento, Feather and Stony), not more than 
one-fourth one-third their actual capacity could depended 
upon with certainty. Most the flow Puta Creek and about one- 
half that Cache Creek could held back effectually. 

While the writer the opinion that the authors’ estimate 
the value the reservoirs reducing flood like that 1907 too 
great, still, such floods are extremely rare occurrence, probably 
not arriving more than once century, even that often, their 
value such floods not matter much importance the 
great floods, like that 1904, which come every few years. They 
would off enough from the peak such floods form 


*This, course, refers reservoirs moderate capacity, and not the immense ones 
like those Pit River and Clear Lake. 

Wherever reservoirs exist such vast capacity compared with the run-off from the 
water-shed above, clear that they are perfect protection from floods the valleys 
below them, far the run-off from above concerned, 
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Mr. effective insurance scheme improvement such that recom- 
the 1904 Commission; because, with the reduction flood 
height which they would produce, the works proposed the 
sion would accomplish the desired flood control with almost certain 

safety from danger serious damage. 

the problem itself, affording immunity from flood like 
that 1907, the writer quite agrees with the authors that the vast 
expense such work, the lines proposed the Commission, 
would probably exceed the resources the State. doubtful 
there any practicable method which such deluge ef- 
feetually controlled. The problem certainly more intricate and 
than that the Mississippi, and, proportion the land area 
involved, vastly more expensive. Its complicated and conflicting 
nature can partially appreciated when the several ends which are 
sought obtained are considered, namely, flood control, navigation, 
and irrigation other industrial use. has already been pointed 
out how conflicting are the demands upon reservoirs for the two pur- 
poses flood and industrial use. The purposes flood con- 
trol and navigation are likewise, some extent, conflicting. Naviga- 
tion, the low-water season, requires concentration the current 
into small channel section; flood protection requires very large 
section. make the Sacramento River large enough carry its 
great floods will necessitate increase the channel section through- 
out the whole extent the flood plain, and very large increase 
certain portions. Take, for example, the reach between Feather River 
and Colusa—one the most remarkable river channels the world. 
Right the middle course stream which comes down with 
ordinary high flood stage say 150000 ft. per occurs this 
reach miles firm and stable banks, excessive sinuosity, and 
section which can carry only about 30000 cu. ft. per sec. 
within banks. This part the river virtually says that above: 
will receive and transmit much water, and more, and you will 
have dispose the rest best you can”; and the upper river 
promptly spills all the excess out into the basins either side; and 
the flow this river varies from, say, 10000 cu. ft. per 
sec. low water to, say, 30000 cu. ft. per sec. high water, and 
essentially the same navigable stream the year round. Why 
does not fill with sediment, considering its greatly reduced velocity 
from the reach above, difficult understand; but the channel 
nearly everywhere deep, the current gentle, and the stream ideal 
one for navigation. also exceedingly picturesque, from scenic 
point view, with its regular curves, smooth water, and overhanging 
foliage. 

All this will utterly changed when the channel developed 
carry the great floods. The bends will cut out, the channel distance 
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shortened about miles, and the slope correspondingly increased. Mr. Chitten- 
time flood vast volume water will flow rapidly along the 
enlarged channel, but the dry season more than present. The 

result will that the low-water flow, which now has channel well 

adapted its volume, will then find itself lost vast expanse 

hed with the inevitable result diminished depth, more shoals, and 

the usual defects alluvial rivers. 

satisfactory answer occurs this objection general scheme 
flood control except that the importance reclamation along this 
part the river far outweighs that navigation, and that the Gov- 
ernment, which gave the State these lands the condition that they 
should reclaimed, cannot rightfully stand the way the neces- 
sary measures for their reclamation. Sacramento and San 
Joaquin Valleys are the heart California, and their development 
such vital interest the State and the whole Coast that 
the problem their reclamation must receive least partial solu- 
tion. 

The writer the opinion that the works proposed the Com- 
mission 1904, supplemented the reservoirs which the authors pro- 
pose, will solve the problem any except extraordinary floods like 
that 1907. may probably necessary for such floods find 
relief the basins for portion their volume, and this can only 
accomplished suitable overflow weirs, that the levees will not 
destroyed, the very rare inundations which would result could prob- 
ably borne the community without great hardship. 


Am. Soc. (by paper, apart Mr. Labelle. 
from giving valuable information regarding flood-producing storms, 
throws some light the mooted question the influence elevation 
rainfall. 

Some hydraulists are the opinion that elevation does not always 
cause increase precipitation, especially the United States. 
Fanning* has given consideration this question, and shows that 
rainfall generally decreases with the increase distance from the 
ocean. gives table showing that series rivers differ- 
ent parts America the rainfall decreases from their mouths their 
sources. This easily explained the fact that the clouds, 
passing over the land, are gradually depleted their moisture, and that 
their for producing rain gradually decreases, even with in- 
crease elevation and consequent lower temperature. 

When, however, the air thoroughly saturated with moisture 
(and the writer will agree that this condition does not generally exist 
long distances from the sea coast, least temperate regions), 
this air, coming contact with mountain ridges and steep rises 
ground, will deposit the moisture contains more rapid rate 
the elevation increases. 


Practical Treatise Hydraulic and Water Supply Engineering.” 


Mr. Labelle. 
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This influence elevation rainfall has been recognized for 
many years India, and the following laws governing the same have 
been adopted: 


1.—Rainfall increases with elevation, ft. 
decreases with elevation, above ft. 
3.—The increase rainfall per 100 ft. rise about 0.6 in. 


This influence elevation precipitation well illustrated 
Buckley* who shows, the map India, the contour lines rain- 
fall and, consequently, its general distribution. far the greater 
part the rainfall India due the western monsoon, which 
between June and October. During that time enormous quan- 
tities moisture are blown from the Indian Ocean northern and 
northeastern direction. These gyratory storms, called “taiphoons” 
the Chinese, “bagnios” the Filipinos, and the inhabi- 
tants the islands the Caribbean Sea, are sometimes more than 
1000 miles diameter, and their western parts, after passing over the 
Arabian Sea, first impinge the Western Ghauts, where the greatest 
rainfall occurs. After passing the summit these hills, the clouds 
have lost their density, and the incidence annual rainfall decreases, 
almost suddenly, from 100 in. Gradually, however, higher 
latitude reached, the rainfall again, this increase cumulat- 
ing maximum just north the Central Provinces, after which 
decreases until the foot-hills the Himalayas are reached. The east- 
ern parts these cyclonic storms cross the Bay Bengal and con- 
tinue gather strength and moisture until they reach the latitude 
Owing this fact, the precipitation greater the east- 
ern than the western part India, and the average rainfall goes 
from in. the coast 150 in. the mountains 
Assam. After passing these mountains, again drops in. and, 
finally, goes 100 in. and more, the Himalayas are reached. 
Above 5000 ft. the rainfall decreases, and before ascending the 
top the mountains, has fallen in. seen, therefore, that, 
India, there always enough moisture left the air during the 
western monsoon, from which India obtains most its rainfall, 
produce copious precipitation when the air currents strike the cooler 
mountainous regions. 

the authors’ Table opportunity given test these laws 
relating the influence elevation rainfall. perusal this 
table will show clearly that the first two laws mentioned are abundantly 
corroborated, and the few discordant figures found therein are not 
number change the general trend the table, which 
shows that, for the type storm and water-shed under consideration, 
the rainfall with the altitude about ft., and 
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for higher altitudes. order investigate the increase per 100 ft., mr. Labelle. 
the writer has prepared Table from Table 

Table shows the increase rainfall between the lowest eleva- 
tions and each successive higher elevation. 


ELEVATION, FEET. 
inches. inches. inches. inches. inches. inches. 
1.08 0.71 0.35 0.53 0.88 
st- Table shows that: 
0.8 in. per 100-ft. rise; 
st- 2.—The increase rainfall from 3000 5000 ft. altitude 
about 0.5 in. per 100-ft. rise; 
3.—The increase rainfall for the whole area about 0.7 in. 
nd, per 100-ft. rise; 
ed. 4.—The discordance between increase rainfall, the differ- 
the ent sub-water-sheds, decreases with the elevation, the 
between 3000 and 5000 ft. being fairly con- 
the stant for all subdivisions the basin under consideration. 
Returning Table the drop temperature computed for 
each 100-ft. rise altitude, found that: 
aws 1.—The temperature drops with the altitude, varying amounis 
this per 100 ft. (0.05° 0.46°). 
ntly 2.—The quantity decrease temperature per 100 ft. in- 
not with the altitude about 2500 ft. and then 
hich constant ft. 
3.—The mean decrease for ‘all sub-water-sheds follows for 
each successive elevation: 


Elevation above sea, feet.. 750 1500 2500 3500 4500 Mean. 
Average temperature drop per 


Mr. Labelle. 
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Apart from the fact that the drop temperature produces 
rainfall, the writer cannot see any more intimate relation 
between the given figures temperature and rainfall. The quantity 
precipitation affected other factors than temperature, and 
among these, topography is, doubt, one the most important. 

exemplify this influence topography, combination with 
altitude, the amount rainfall, the writer will give ex- 
treme case, the rainfall San Antonio, point the highlands 
Central Luzon. The prevailing winds Luzon, starting from the 
north the beginning the year, make complete circle, twelve 
months, the direction the hands clock. During the first 
half the year the prevailing winds blow from the east from the 
Ocean; this the period the eastern monsoon. During 
the second half the year the prevailing winds are from the west 
southwest, from the China Sea; this the period the western 
monsoon. Therefore, the highlands Central Luzon receive abundant 
rainfall from both sides the island. Starting from Manila the 
west coast and going southeast direction, there are two weather 
stations, the first San Antonio, about 1000 ft. above sea level, and 
the second Atimonan, the east coast. For the water year be- 
ginning July 12th, 1904, the rainfall the three stations was 
follows: Manila, 96.5 in.; San Antonio, 119.7 in.; and Atimonan, 
96.7 in. During the year San received in. more rainfall 
than the coast stations, the rate 2.3 in. per 100 ft. rise 
altitude, owing its location being exposed both monsoons. 
this attributed equally each monsoon—and the condi- 
tions the prevailing winds seem warrant this assumption—there 
increase 11.5 in. over each coast station, 1.15 in. per 100 ft. 
rise; this only 15% more than the average for the same elevation 
given Table 28, 

From the foregoing facts seen that, according conditions, 
rainfall may may not influenced elevation, and that this in- 
fluence, depending topography, ete., may vary within wide limits. 
This question, however, cannot settled isolated cases; only 
using long-time rainfall records from great variety water- 
sheds, and subdividing these into several classes, that logical con- 
clusions reached respecting this matter. 

Table the authors estimate the run-off from 
mountains and foot-hills 50% the precipitation. Owing the 
fact that the period, March 18th 21st, was preceded heavy rain- 
fall, and that, besides, the mountain slopes and foot-hills are de- 
scribed the paper steep, barren and impervious, the writer be- 
lieves that the run-off should have been taken about 80% the 
rainfall, but doubt there were good and substantial reasons for 
adopting the lower figure. 
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Stern, Am. Soc. shocks vary stern. 
much intensity and character that seems improbable that any 
assistance can gained from mathematical investigations, the prac- 


tical designing buildings withstand these shocks. 


Along fault line, and even many miles away, the force may 
irresistible, owing conditions which such 
for instance deformation the soil; and the effects buildings 
may such that damage inevitable. How minimize this, 


eause the least loss life and property, the vital problem. 


The effects which earthquake shock produces the earth may 


divided into: 


vibration, 
2.—Change contour. 


building were designed withstand only elastic vibration, 
using system bracing similar wind bracing, rigidly connected 
and girders, the author, the damage 
buildings would very serious the change the 
derlying soil also For this reason the speaker cannot agree 


with the author’s this type bracing. 


The speaker would recommend structural frame steel, 
which the column splices are thoroughly well designed make 


Continued from March, 1308, Proceedings. 


Mr. Stern. 
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the columns practically continuous from bottom top; system 
curved knee-braces made two angles, connecting girders columns, 
strong enough resist wind pressure, but not stiff enough deform 
columns girders case unequal settlement foundations; and 
flexible connections between girders and columns, which would allow 
such movements take place. The curved knee-braces, such 
event, would bend without injuring the columns girders, and the 
building could restored its proper level using wedges and 
jacks under the columns. 

This principle construction has been used the speaker the 
structural design the Hoboken Terminal the Lackawanna Rail- 
road. The conditions which had met this structure were that 
should fire-proof, that should designed that unequal 
settlement the foundations would not injure the steel frame the 
walls, and that should capable withstanding the vibratory 
shock due the accidental ramming heavy ferry-boat. The con- 
ditions, therefore, approximated small scale those existing dur- 
ing earthquake, and the system curved knee-braces mentioned 
above was used. The walls and floors were made reinforced con- 
crete securely tied the steel frame. This method construction 
has proven entirely satisfactory every way. Settlements much 
in. have occurred the foundations without injuring the steel 
frame walls the structure. The speaker was led develop this 
method construction conclusions derived from examination 
old pier sheds supported poor foundations, along the river fronts 
New York. Some these had stiff riveted connections between 
girders, trusses, and columns. One case was significant interest, 
the columns being bent almost in., due the twisting action the 
girders connected thereto, account unequal settlement the 
foundations under the columns. 

The recommendations the author, Nos. III and IV, regarding 
reinforced walls and floor slabs, coincide with the speaker’s 
views and recommendations his discussion “The Effects the 
San Earthquake.”* The speaker believes the use steel 
girders and joists the floor system avoid long-span reinforced 
concrete slabs. 

The author makes recommendations very vital question, 
namely, limitation the height buildings. not necessary 
state that the knowledge the hands engineers to-day permits 
them erect structures almost any height, but very important 
question arises: whether proper, from the standpoint those 
inhabiting them, construct high buildings districts subject 
earthquake visitations. The speaker submits that indisputable 
that the lower the building the safer can made, and the more 
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easily repaired case damage. What the limiting height should mr. stern. 
course question for consideration. Real estate interests would 

oppose such limitation, but the more important consideration, that 

the safety the should paramount. 

high buildings the difficulty providing proper methods 
construction withstand earthquake shocks, rectifying damages 
foundations, ete., and controlling the conflagrations which usually 
accompany these disasters,.are matters such vast importance the 


welfare the community that real estate interests should made 
subservient them. 


Ar. Worcester. 
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with the author’s description the ingenious method erection 
the structure, devised himself, has covered quite fully the de- 
sign the bridge and the conditions which led the adoption this 
type. has generously omitted reference one bad feature the 
design, however, which should recorded. 

may possibly surprising some that design for arch 
should have proved more economical than for suspension bridge. 
The reason for this, however, apparent, upon consideration the 
profile through the the east end, the main supporting 
pier could not located the river, and, account the steep 
bank, the end the bridge could only have been located from 
ft. back the main pier, making impossible utilize anchor 
span. This also true some extent the west end. The anchors, 
therefore, would have had carried back some distance private 
property, and would have been troublesome locate. Moreover, the 
length the main all, would have been fully twice the 
length the chords the arch. 

Another element economy for the arch was found the possi- 
bility obtaining, the natural river banks, unlimited horizontal 
resistance for the thrust. The underlying gravel stratum was hard 


*This discussion (of the paper Rights. Assoc. Am. Soc. E., printed 
Proceedings, for March, 1908), printed Proceedings order that the views expressed 
may brought before all members for further discussion. 
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that piles would probably have been unnecessary, but they were used mr. Worcester. 
additional precaution any future shifting the current 
should tend undermine the banks, which, nevertheless, were well 
protected with rip-rap. The economy the foundations was very 
largely dependent upon the low spring the arch, and this elevation 
was intentionally determined such level that extreme freshets 
would rise above the lowest steel, but that only exceptional oc- 
the steel would submerged. The reasoning that justified 
this was that annual wetting could more harmful 
than ordinary weather conditions. was thought the writer that, 
necessity, all ice would have passed out before the river could rise 
the height the steelwork, or, least, that the ice would have 
sufficiently broken harmless. This opinion, ap- 
pears, was based upon insufficient knowledge the location, for, 
during the first spring freshet which occurred after the bridge was 
built, the water rose level just above the main pin, which the 
laterals are connected, and there was ice enough the time break 
forging one the four corners. 
avoid future danger from this cause, the writer suggested that 
concrete slab constructed between the chords the 
trusses, and extended the level extreme high water; and, there 
remained small, unexpended balance the original appropriation, 
the towns favored the suggestion, and went far put the 
necessary steel beams for the support the slab. This was not done, 
however, till late the fall 1905, and did not seem wise at- 


tempt put the concrete that winter. Forms for the concrete 
were designed, therefore, such way that they would form 

themselves substantial protection from the ice, and tend allow 
slip without jamming against the steelwork. The intention was 


proceed with the concrete the next season, but, happened that 
the forms shielded the bridge efficiently without it, this work has not 
yet been put in, and the ice has passed out the river for three 
years without further trouble. The wooden forms may seen the 
photographs the finished bridge shown the author’s Plate 
While, therefore, may justly argued that was mistake 
locate the spring the arch low, was undoubtedly much more 
this and provide very thorough concrete pro- 
tection for the exposed portions the steelwork than would have 
been raise the skewback, thereby increasing enormously the cost 
the foundations. 

The appearance the bridge has been referred 
complimentary terms, but, has good appearance, due solely 
the lines strict utility being graceful. The only end view 
its design was accomplish the object with the least possible ex- 
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Mr. pense. the writer’s mind, the drawing together the chords 
the end pins, however desirable from engineering considerations, 
serious blemish from esthetic standpoint. Moreover, the grade 
the roadway, through not very noticeable the photographs, 
unpleasant feature from broadside viewpoint. have made the 
most the artistic possibilities, would have been desirable have 
added masonry towers over the spring the arch, similar bridges 
across the Rhine; but such features, unfortunately, can rarely af- 
forded the United States. 


Snow, Am. Soc. (by the writer was 
requested confer with, and advise handling the 
Bellows Falls Arch Bridge, plans and bids, from various firms, for 
bridge two spans with the pier located that there was sharp 
angle between the lines the spans, were hand. was apparent 
that, although the committee had for bids this lay-out, 
had become convinced that angle was objectionable; and, the 
owners the water power objected pier direct line, there 
was alternative but single span. New bids were for, under 
general specification, stated the but, the designs 
submitted, none that could built for sum less than one and one- 
half times the amount available was all satisfactory. 

Rather than accept unsatisfactory design the members the 
ecmmittee consented the engagement Mr. Worcester, who as- 
sured them that bridge the arch type, satisfactory the writer, 
could built within the available means. Bidding plans and speci- 
fication were prepared, and the proposals justified Mr. Worcester’s 
position. interesting note that the bidders who had previously 
presented designs did not appear the scene when definite plan 
was issued. 

The material was inspected Henry Seaman, Am. 
E., and the field work Mr. Restall, under the direction 
the writer. The shop work was exceptionally good, and much credit 
due the contractors for their painstaking care, and the erection 
force for their courage and resourcefulness setting the bridge 
under difficult conditions. The erection bridges over New England 
rivers the winter hazardous; broadly speaking, implies bad 
management somewhere. the present instance, the error 
from the loss time the early part the season the 
while learning how buy bridge. time was lost the con- 
tractors after the work came into their hands. 

The towns may well congratulate themselves their bridge. 
represents considerably more value than their payments covered. 
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important engineering accomplishment, that the 
speaker could add nothing its value praise, nor does see any 
reason criticise it. 

The facts given are extremely valuable because they are the first 
statement actual operation steam railroad, and give 
fair and just comparison between steam and traction trunk- 
line service. 

Much has been heard the last few years the great economy 
that would result from electrification, but all figures were usually mere 
estimates, with strongly suspected leaning toward the side which 
their author was most interested. Such data were obviously received 
with suspicion, and perhaps incredulity, but Mr. Wilgus has now given 
figures which are not open such questioning, and has seemed 
the speaker that some further analysis and study these statements 
would interesting and instructive. 

the following summary, the fundamental items were obtained 
from the pages noted, and the deductions were based these figures. 


*This discussion (of the paper William Wilgus, Am. Soc. E., printed 
Proceedings for February, 1908), printed Proceedings order that the views expressed 
may brought before all members for further discussion. 


Henderson. 


Data. 


capacity each power station, 000 

(page 

power-house was designed able full load, and 
two houses were established safeguards against failures when in- 


augurating electric service—later, they are expected operated 
full (page 72*). 


107 000 000 
Average expected output for train propulsion, 000 
365 
kw. (page 74*). 
Maximum expected output for train propulsion kw. 
Allowing for transmission losses, 2.44 h.p. per ton train, 


2.4 h.p. per ton train miles per hour grade, 
equivalent acceleration. 
The maximum number motion 38, and 258 
tons, average weight trains. 


The maximum movement double the average. 
The nominal capacity both power stations 1.7 times the maxi- 


mum load, times the average load. One station, only, 0.85 
times the maximum load, 1.7 times the average load. 


Road service costs per 1000 car ton-miles (page 95*). 


Steam. Electric. 
Interest, ciation and repairs 
$2.77 $2.02 


The item, Supplies,” composed 
and fixed charges, and may analyzed thus: 


52.3 kw-hr. $0.0109 $0.58 for operation. 


operating expenses 


The difference cost between steam and traction road 
service $2.77 2.02 $0.75 per 1000 ton-miles (page 95*), and 
the fixed charges the power plant and the transmission system are 


per 1000 ton-miles, about the same the saving, that 
the train movement were but one-half the assumed amount (aver- 
aging h.p. the rails, 6000 kw. the station), the cost for 
electric service would slightly higher than for steam, $2.81, 


against $2.77 per 1000 car ton-miles. This gives ratio power 

installation average train requirements 6.6, for equal 
) 


costs steam and electric operation, under the conditions and unit 
costs given Mr. Wilgus. 

such saving operating costs would result, and the 
contingent expenses station and terminal alterations would usually 
wholly unwarranted. The method operating freight trains 
“fleets” (especially single-track roads, and with liye stock) 
would require power stations and transmission systems out all pro- 
portion the average load. must also borne mind that smaller 
installations would cost more per unit for construction and operation, 
thus reducing the ratio increasing the “load factor” for equal costs. 

Much has been heard about “density being the all-impor- 
tant consideration determining whether not electrification would 
financial success, but seems the speaker that uniformity 
movement equally important. Two properties, having the same aver- 
age density traffic, might have such different “load factors” that the 
fixed charges investment would two three times much 
ene the other. Power stations and distributing systems 
must for the maximum requirements, and this maxi- 
mum greatly excess the average, both the operating expenses 
the interest charges per kilowatt-hour will increased. Thus, 
has been seen, average movement the New York Central only 
one-half that expected, would throw the monetary advantage 
steam traction. 

Besides, the enormous contingent costs (once stated Mr. Wilgus 
about three times great the actual expense electrifica- 
tion) only considered rational when the service would 
attract great increase traffic, and there are many cases where this 
would very doubtful proposition. 

found, then, that not only density but uniformity 
movement should given full consideration when investigating pro- 
posed electrifications, and that, while the data derived from existing 
cases will assistance prognosticating the results new ven- 
ture, not the less imperative fully the proposition with 
its own environment, two will admit the same arguments, 
and, the investigation made candidly and fairly, the cause elec- 
trie will advanced more surely and than 
exaggerated statements impossible practical fulfillment. 


Mr. Gibbs. 


mirably clear and concise description the highly important New 
York Central electrification. has accomplished the difficult per- 
formance conveying the space few pages text and illus- 
tration description extensive work, without sacrificing clear- 
ness, unduly emphasizing some particular features the exclusion 
others. 

The speaker presumes that the portion the paper headed “Re- 
sults” the one which will most interest the average railroad man, and 
these few remarks will confined this portion. The speaker has 
had some three years’ experience with two other important steam rail- 
road electrifications, namely, the Long Island Railroad, with about 
100 miles, and the West Jersey and Seashore Division the Pennsyl- 
vania Railroad, with about 150 miles electrified track, and 
still delaying the summing conclusions comparative steam 
and operating costs until the new method traction has been 
service long enough determine with fair constancy its operating 
characteristics. Unfortunately for the purpose making comparisons, 
all electrifications made date (except those urban traction), have 
been planned for anticipated extensions, and for density far 
beyond that reached initially; the electrical results, therefore, not 
show favorably compared with the steam hoped will soon 
the case. noticed that Mr. Wilgus has also been obliged fore- 
cast the future, savings, and, therefore, would appear 
that still too early say that have accomplished our hopes 
the samples steam railroad electrification made date, although each 
year brings the desired result nearer. 

The author’s remarks are confined specifically New York Central 
conditions the New York Terminal, and, therefore, one must 
apply his figures this terminal only others having 
similar conditions. There are only few very large terminals the 
United States where train movement, both through and local, ex- 
tremely heavy and congestion great. such terminals the enor- 
mous expense for reconstruction and for equipment may 
warranted, because resulting increase capacity, because 
publie needs tunnel operation, but, the smaller cities, where 
the service light, the showing for reconstruction and operation 
extremely poor, and the expense altogether disproportionate 
the results. 

Mr. Wilgus, page 96,* sums the advantages opera- 
and gives, among others, “the promise, with the completion the 
changes, saving, cost operation, from 27%, after 
providing for capital charges for electrification.” The 
speaker, understanding that this not present condition, but rather 
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anticipated future one, has endeavored check this prediction Mr. Gibbs. 
with the results operation the roads with which connected. 

The first important factor the cost electric current, which the 
author 2.6 cents per kw-hr. delivered the contact shoe, 
and states that this includes all operating and maintenance costs, in- 
tcrest investment required produce and deliver the current, depre- 
ciation, taxes, insurance, and transmission-line losses. The speaker 
finds that this figure lower than the corresponding one the roads 
previously mentioned, yet believes that the author states very 
fairly for the ultimate result, based very heavy traffic and large 
yearly output current. This output estimated 
kw-hr. yearly, from five six times much the present output 
either the roads with which the speaker connected—and for the 
present New York Central, probably. 

Table (Cost Locomotive Service), interest and depreciation 
show, course, much higher figures for the than for the steam 
locomotive, account the higher first cost the electric machines. 
The author puts repairs for electric locomotives two-fifths those 
for steam. This figure appears based insufficient practical 
experience with these machines. The speaker led hope, and even 
expect, that the cost repairs will less electric than steani 
locomotives, but, how much less, not prepared say. Test re- 
sults does not consider conclusive. should remembered that 
electric-locomotive design undeveloped state, and constant 
changes details, and even type, are some time; 
the cost such changes must charged operation, and would 
not surprising find that for the next few years electric locomotive 
repair costs will disappointingly large. 

The cost handling and inspection (Table 1), including fixed 
charges, placed six times much for steam for electric loco- 
motives. would appear that the case terminal-zone operation, 
where steam and electric locomotives are interchanged, will neces- 
sary maintain steam-engine round-house well electric 
locomotive house, with their respective organizations, also yard for 
promptly interchanging locomotives trains. would seem, there- 
fore, that Mr. Wilgus has allowed too much difference favor 
steam locomotives this item. 

Some the other savings stated for electric operation are predicated 
the greater car- ton-mileage obtainable from electric locomotives. 
This may work out true, and doubtless will some cases, but 
not always easy economical get the theoretically large electric 
locomotive motor-car mileage out such equipment steam 
road; means that there must trains hand haul, that the 
methods must changed short and frequent trains. This 
inereases the cost for train crews, occupies track and terminal facili- 
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ties, and, generally, unless the local conditions permit, 
and the travel demands it. practical operation, the speaker has 
noticed for reversion steam-railway methods heavy 
train units, where electric operation has been inaugurated the oppo- 
site plan. 

would appear that Mr. Wilgus has his costs, for in- 
terest and depreciation, upon the cost the electric equipment only. 
question whether not this correct basis; the speaker’s 
experience, the electrification steam railroad involves numerous 
changes the existing physical property the railroad, and the cost 
making these collateral changes will often equal the cost the 
electrical equipment itself, and will seldom, ever, fall below 50% 
such The New York Central electrification was undertaken for 
two purposes, and has resulted the entire re-construction the 
terminal proper, the yards, and the approaches. Each one the ob- 
jects sought, namely, the elimination smoke and the reduction 
congestion, depends upon the other. Thus, relief from congestion 
the terminal, and part, therefore, the cost the electrification might 
charged against the capacity the terminal. the 
other hand, electrify properly required large collateral expenditures 
the way physical changes the terminal, yard, approaches, 
tracks, and stations, that some part this expense should charged 
against the main result, namely, the avoidance smoke. there- 
fore, any considerable part the terminal reconstruction charged 
this way, might alter very materially the figures Mr. Wilgus gives 
for possible savings. 

These comments are not made any critical spirit, but seems 
the speaker important that railroad men should appreciate the 
fact that electric traction has other aspects than that cost. The 
New York Central Company has done great work, serve the public 
comfort and convenience, and increase the safety tunnel opera- 
tion. seems too much expect that the change will 
money-making one, and hoped, therefore, that its progressive- 
ness will least earn indirect reward the approbation the 
publie. 


should feel just pride being able present the engineering 
world the first comprehensive technical the complete change 
operating power—from steam electricity—on the most im- 
portant and busiest section large steam-railroad system; and the 
Society surely owes Mr. Wilgus debt gratitude for presenting 
this most important and valuable paper for discussion. 

these days, when there seems such wide difference 
among electrical engineers, whose experience has 


been principally with light interurban passenger transportation, Mr. Waitt. 
indeed refreshing and reassuring have, very clear and complete 

shape, not unsubstantiated statement what “probably may” 
accomplished this that system electrification, but rather 
statement, fully proven practice, the accomplished results 

system which has proved successful degree which shows the ex- 
ceptional ability and good judgment those who conceived and exe- 

cuted the plans. 

Having had many years experience, and being familiar with the 
intricate problems presented steam railroads busy terminals, the 
writer can state without hesitation that the suecessful 
the change from steam electric power the New York terminal 
the New York Central and Hudson River Railroad—the most con- 
gested railroad terminal the world—with but little derangement 
the train service, but little short miracle; and, the pres- 
ent time, may properly rated one the most difficult and 
engineering problems which has been undertaken and 
suecessfully carried through. 

was the electrification problem studied Mr. Wilgus 
and his associates, and wisely were their decisions made, that the 
work went forward steadily and successfully every stage, that, 
after the first trains were started, steady progress 
was made, without hitches falling back, until, for the greater part 
year, every New York Central train leaving the Grand Central 
Station has been handled successfully and satisfactorily electricity, 
with where became necessary return the use the 
steam locomotive. 

This accomplishment speaks volumes for the wisdom the officers 
selecting their system electrification. Especially this manifest 
when seen that closely associated railroad, adopting another 
system, has had failure after failure, that became necessary 
several instances abandon temporarily the use electricity and 
return the steam locomotive order run its trains. this 
other railroad, instead being able make steady and continuous 
progress the number and character trains handled electric 
power, the reverse has been the and there has been decrease 
the number trains handled electrically; also, for some reason not 
yet made public, this road has not been able handle heavy through 
trains satisfactorily the system and apparatus which has adopted. 

Since the decision the New York Central officers the sys- 
tem electrification used, the writer has made observation 
trip Europe, and has been fully convinced that Mr. Wilgus and his 
associates have selected wisely, and have thereby avoided the various 
experimental forms electrification, and many the sources 
which have given end trouble European 


Mr. Waitt. 


Mr. Lewis. 


practice. Conditions Europe, far observed the writer, are 
much simplier most respects than those which prevail the New 
York terminus the New York Central Lines. The types rolling 
stock, the absence frequent overhead structures, the slower speed, 
and the lighter and less frequent traffic permit experiments which 
are many instances far from satisfactory, and would not quietly 
tolerated the American 

One the most important innovations the installation the 
New York Central Railroad the use the “inverted” underneath- 
third-rail, which not only gives absolutely safe working 
conductor, but has demonstrated its freedom from inefficiency snow 
sleet storms. The writer has seen his European observations 
line, equipped with the top-contact third-rail, almost completely 
standstill account slight coating sleet the top the third- 
rail, which prevented the contact shoes from collecting sufficient cur- 
rent keep the trains motion, notwithstanding the fact that men, 
equipped with brooms, were located every half-mile section 
road keep the rails clear. 

European practice has been largely negative value determin- 
ing the best practice for America, indicating what avoid, rather 
than what adopt. American engineers have set the pace, and 
safe say that the most successful systems use Europe to-day 
are those modeled after American designs and principles. 


Lewis, Am. Soc. E.—The speaker can contribute 
nothing the interesting discussion the relative merits alternat- 
ing and direct-current equipment, the third-rail and the over- 
head conductor, but wishes simple act justice calling 
attention the attitude the author the paper and the corpora- 
tion which represented during the negotiations leading the 
adoption the plans now being carried out. 

These negotiations and plans had their origin the movement 
substitute electricity for steam the Park Avenue Tunnel, and 
the capacity the Grand Central Yard. Then, order 
restore use the eleven streets from Forty-fifth Fifty-fifth 
Streets, inclusive, the continuity which was broken this terminal 
yard, the Company agreed depress the entire yard many feet into 
the solid rock Manhattan Island enormous increase cost. 

When the terminal station was under consideration 
proposed make revenue-producing structure, containing not 
only offices for the use the company, but hotel, and possibly 
theatre and stores, with offices for rent. the plans were being 
developed was concluded that improvement this kind de- 
manded the erection monumental building devoted exclusively 
railroad purposes, and the plans were accordingly modified with 
this view. was then believed that such building should have 


proper setting, and the company, its own volition, proposed place 
some ft. north the northerly line Forty-second Street and 
some ft. east the easterly line Vanderbilt Avenue, and 
throw out the use the this area, equivalent about 
twenty-five city lots each 100 ft. The market value the land 
thus surrendered approximately This was not done 
ply accommodations for its own patrons, they already had 
right access over public street, but the company has also ac- 
quired from the city sub-surface rights beneath Vanderbilt Avenue 
used for the accommodation cabs and carriages, and for these 
rights paying the city annual rental based upon the value 
the adjoining property. 

The speaker takes pleasure emphasizing the Society the broad 
and liberal spirit with which Mr. Wilgus and his associates treated 
the important and difficult problem which was presented them; 
they considered not only railway problem, but one which had 


important relation the dignity and beauty the great city 
which their terminal located. 


the speaker, for number reasons. One these—shared 
all who have been engaged railway work—is that this the 
first authoritative expression from official large steam railway 
system strongly endorsing electric traction applied steam rail- 
ways. 

Having been actively engaged for the past eighteen years elec- 
railway work, and particularly the original design and develop- 
ment the third-rail system applied the Intramural Railway 
the World’s Fair, 1892-93, and later having charge the equipment 
and management the Metropolitan West Side Elevated, Chicago, 
this paper appeals the speaker, because marks epoch the 
history traction. 

When, some years ago, was proposed supplant horses 
street railways, and use motors, great deal doubt was ex- 
pressed, even well-informed people, the possible success 
such venture. When the street trolley system became established 
and suecessful fact, and some talk arose its possible application 
heavier types traction systems, those familiar with railroad work 
were fond saying: 


well enough substitute for horse; does 
very for street cars, where everything light and the service 


conditions are not exacting, but, for real railway, obviously 
” 
unsuitable. 


When, 1892, was proposed operate electrically elevated 
railway the World’s Fair Grounds Chicago, and, further, was 
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Mr. Brincker- 


Mr. proposed use steel rail and shoe with 


off. 


gravity contact the collecting device, the same authorities good- 
naturedly admitted that: 

“This was well enough experiment, advertisement, 
exhibition, and might pull through,.as was only for use dur- 
ing the summer season, but that, development applicable steam- 
railway work, was course obviously unsuitable.” 

When, year two later, this same system was successfully ap- 
plied the Metropolitan West Side Elevated Railroad, Chicago, 
followed the abandonment the steam locomotives all the ele- 
vated roads that city, and later supplanted steam the Brooklyn 
and Manhattan Elevated Systems, and was given first choice the 
New York Subway and the Boston Elevated, well successfully 
operating long interurban lines the Middle West, the doubters again 
retreated behind further line defense saying that: 

“This was simply modified form service, and that, 


obviously, while suited lighter forms traction, was not ap- 
plicable steam railways.” 


Now comes further and vital step the forward progress this 
art. The representative great steam railroad system comes for- 
ward and publicly announces that, not only does the electric apparatus 
substituted upon this company’s great terminal succeed actually 
performing the work previously thought possible only with steam 
locomotives, but that actually able 30% more with 
terminal and actual saving 134% operat- 
ing expenses. 

This admission cannot but hailed all who have borne the 
burden and heat the day while struggling with the harrowing de- 
tails this work, great step toward broader and more genera! 
appreciation the possibilities their favorite power, and signal 
indorsement the claims and arguments put forward its favor 
during the past few years. Having announced these important facts, 
Mr. Wilgus has contributed text upon which may expended 
great deal argument. 

The speaker would like bring forward, however, two points 
represented specially his own experience. 

This paper confirms actual demonstration number 
claims which have been put forward from time time favor 
electrifying portions, least, the steam railroad systems the 
country. 

The fact that least one-third additional capacity has been ob- 
tained for given number tracks the old station, the simple 
change electrical operation, has important bearing upon terminal 
capacity, where space may not restricted warrant the great 
expense two-deck construction. That was possible make this 


even greater increases tracks, yards, and crossings Mr. Brincker- 


operation over steam, has been admitted for some time, 
even steam railway men, the ease the lighter forms trac- 
tion work, such the elevated railway and kindred services. Now, 
having proved actual experience the relative 
over steam operation the heaviest kind terminal work, 
the Grand Central Station, certainly seems reasonable follow 
one two other lines comparison this regard. 

for instance, the question operating costs. Mr. Wilgus 
has shown, the result his tests and deductions from operating 
statisties, that there actual decrease saving electric over 
steam locomotive operation 9%, and increase work done 


53%, being equivalent net saving 134 per cent. 


The question 
onee arises: 


Has the period under consideration, and from which 
the details operating costs, repairs, maintenance, the loco- 
motives, been sufficiently long demonstration 

answer this query Table shows for comparison the 
operating data for very considerable periods—from years—of 
steam and electric operation elevated railway systems. The 
these customary systems this kind, are kept per 


and include all operating expenses, excepting only taxes 
and insurance. 


TABLE BETWEEN STEAM AND OPERATION 


Steam. Electric. Decrease. Increase. 


Speed, miles per 10.1 


| 


(Seventh year operation.) 


Speed, miles per hour 13.08 


16% 


West Sipe (Eleventh year 


operation.) 
Cost per $0.11* 15% 
miles per 12* 15.4 28% 


hoff. 


miles per 12.5 

| 


Mr. Brincker- 
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During the eleventh year operation the Metropolitan West 
Side Elevated, coal was 20% and wages 14% higher than with the 
period steam mentioned. This latter figure the speaker can vouch 
for, was Manager the road for six years, including this 
eleventh year, and these costs include current renewals all kinds, 
curves, crossings, rails, ties, painting cars, and renewal bodily large 
parts the equipment. 

The fact has been clearly demonstrated that the operation these 
elevated systems during period from years has pro- 
duced maintenance charges which tend bring the cost within 
15% the best similar steam operation; the same time, schedule 
speeds 18% higher than the steam, and capacity junction points, 
terminals, from 40% greater are regularly maintained. 

After consideration these facts, proven during periods 
operation which have developed full normal maintenance charges 
these lighter forms electric traction, seems perfectly reasonable 
assume that all the other points similarity, having now been demon- 
strated the heavier service, this continued low maintenance rea- 
sonably expected. The apparatus general, and even much 
detail, identical principle, varying only the dimensions 
parts. The great simplicity the driving mechanism throughout, 
and the absence any reciprocating parts, applies equally both 
cases. 

The experience gained one field, the speaker believes, can 
applied with increased confidence the other, now that Mr. Wilgus 
has given this authoritative statement this successful demonstration 
the initial period steam railway installation. 

The author’s reference the expected increase suburban traffic, 
due the electrification when carried Harmon and White Plains, 
point which those familiar with electric railway developments 
cannot but look upon practically assured. This question electri- 
fication suburban zones steam railroads controlled most 
cases, course, local conditions. Where the right way controlled 
the railroad company only sufficient meet the demands heavy 
through business, obvious that the company cannot afford devote 
set tracks purely local traffic small fares, low enough com- 
pete with possible street railway interurban competition. Where, 
however, railroad controls ample right way, itself operat- 
ing steam suburban service separate tracks, the policy con- 
tinuing such unattractive and inadequate service, usually ren- 
dered this manner, until competing electric line has actually been 
placed operation, seems the speaker peculiarly short-sighted. 

territory will develop sufficient pay well for the in- 
stallation and operation independent electric line, which put 
the expense purchasing new right way, why would not 


pay the steam railroad head off such competition equipping its Mr. 
own suburban service with type apparatus which has proved such 

dangerous rival other cases? Would this not have number 
compensating advantages such inducement build and enlarge 

residence districts close the steam railway line rather than scatter- 

ing them out distance where the electric line becomes not only 

passenger-carrier but often freight and express handler for entire 

new communities 

These considerations, course, are subject local conditions, 
before mentioned; but the speaker believes fact that many 
steam railway managers had the past five years live over again, 
they would not allow themselves caught the manner seen 
great number instances, and to-day there would more steam 


railroads under partial operation and fewer heavy. electric 
interurban railroads existence. 


Francis, Am. Soc. E.—In the discussion this mr. Francis. 
paper much has been said concerning the comparative merits the 
application current the direct method through third- 
rail, the alternating method through overhead contact, and little 
has been said about the difficulties magnitude the civil engineer- 
ing work required reconstructing the railroad generally, make 
electrie traction applicable, the work required new structures 
for the same purpose. 

Someone has said that electrical and mechanical engineers are 
“dynamic” engineers, although such engineers, under the usual quali- 
fications, are eligible membership the American Society Civil 
Engineers. The “dynamic” engineers have certainly had full part 
this discussion. 

The Society whole, however, largely made civil en- 
gineers another class, who are not engineers, but may 
termed engineers “statics” “static” engineers, persons who 
design and build structures which not intended shall moved 
have the capacity locomotion moving action, but which the 
work nevertheless very useful. 

Civil engineers this class are much interested all that has 
been done, their line, toward the application electric traction, 
and they appreciate the work done and along the electric zone 
their professional brethren, who should complimented for the re- 
sults well attained. 

has been the experience those charge electrical traction 
work (where such traction power has been installed take the place 
steam power) that the expense alterations and additions the 
general “static” property has run very high, almost high the 
cost the strictly necessary features for electrical operation per se. 

This may not pronounced when long lines steam railway 


Mr. Francis. are equipped electrically, but, the present time, the application, 


most instances, has been made the vicinity large terminals 
districts, and the costs pertaining matters ex- 
traneous power and equipment have been generally under-rated. 

The electrification the New York Central, described, has em- 
braced such extraneous work follows: 


The purchase great many acres very expensive land, 

The widening and fills, 

The removal all grade crossings, aggregating 

altogether, 

Yard construction tor changing from steam power, 

Shops for electrical repairs, and inspection sheds, 

Bridges for restored city streets the vicinity the Terminal 
Station, 

The reconstruction portions the Park Avenue Tunnel for 
track room, 

The entire removal the Grand Central Station, and its re- 
construction, with two decks for trains, 

The removal the Mott Haven Station, and its reconstruc- 

The creation temporary facilities during reconstruction, 

Additional track bridging, 

The reconstruction all signal systems, 

Additional main tracks, 

Changes grades tracks, which, together with new trackage 
has required the 3000000 cu. yd. rock 
and earth (mostly rock)* the terminal site, 

entirely remodeled junction tracks Mott Haven, 
avoid grade crossings tracks, 

About dozen local stations have been entirely remodeled with 

subway and overhead bridges, order that passengers 
need not upon the tracks. 


Many other important improvements have been schemed and 
earried out, and are fully described the paper. This list 
cient emphasize the cause extraneous cost. 

Regarding the engineering features required produce 
the necessary parts for operation, the following may men- 
tioned: 


Foundations for the power-house Yonkers, and the house 
itself, 

Foundations for the power-house Port Morris, and the house 
itself, 


material has been hauled points miles away, and the work and haulage have 
been done without interference with daily traffic. 


Coal-handling plants, 

Sub-station buildings and other buildings, 
Underground conduits, 

Repair shops and interchange terminals. 


design this work the office, lay out the ground, and 
inspect and supervise during construction, well prepare 
all the plans for land purchases, with the accompanying deed and 
condemnation descriptions, has been the work the “static” 
neer, and hoped that, the proper time, complete paper, 
deseribing this kind construction, together with description 
the new Grand Central Station and terminal, may prepared and 


presented the supplementary Mr. Wilgus’ paper 
“electrification.” 


Mr. Francis. 
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MEMOIRS DECEASED MEMBERS. 


Note will reproduced the volumes Transactions. Any information 
which will amplify the records here printed, correct any errors, should forwarded 
the Secretary prior the final publication. 


JOHN LARKIN THORNDIKE, Am. 


Diep 1901. 


John Lurkin Thorndike was born Malone, Franklin County, 
New York, 1834, and died Lima, Peru, October 12th, 1901. 

1852 began his professional career with engineering party 
the Ogdensburg and Lake Champlain Railroad, now part the 
Vermont Central System. 

After this went the London and Port Stanley Railroad, 
Upper Canada, Assistant Engineer, and later went still farther 
west and took similar position the Detroit and Milwaukee Rail- 
road, Michigan. Before this road was completed, Mr. Thorndike 
made contract with the late Evans, Am. E., 
Chili, South America, Assistant Engineer the 
Copiapo and Chanarcillo Railroad, and 1857 began the work that 
made his reputation. Soon afterward was made Resident Engineer 
the Chanarcillo and San Antonio Railroad, and still later was 
given similar position the branch Tongoy. His responsibilities 
increased with his reputation, and was next put charge 
very difficult portion the road from Valparaiso Santiago. When 
that was finished went the division between Santiago and Tiltil 
the Ferro Carril del Sur, the trunk line south from the capital 
Chili, now the most important line that The work was 
very heavy and One part, which caused Mr. Thorndike 
much trouble and anxiety, was the masonry for the bridge over the 
Mapoche River; and after years took much satisfaction 
seeing how well had resisted the force that torrential mountain 
stream. 

Early 1868, the Peruvian Government made contract with Mr. 
Henry Meiggs, who had become famous builder railroads 
Chili, build road from Mejia Arequipa, and put Mr. Thorn- 
dike charge it, Chief Engineer. The road now 108 miles 
long, and runs from Mollendo Arequipa. port, 
little better than Mejia, but only open roadstead which cannot 
used rough weather. 

Arequipa, the metropolis southern Peru, inland city more 
than 7800 ft. above sea level. Nearly half the road desert, 
without water vegetation. Men were rushed in, few days after 
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Mr. Thorndike arrived, and before any instrumental surveys could 
made large force Chilean laborers were landed. made 
tangent across the flat part the desert with only his field glasses, 
and put them work. When that part the line was staked out, 
was found need but little changing. The western end the 
tangent plateau about 2000 ft. above Mejia, and the develop- 
ment made there, “The Cahuentala,” model piece loca- 
tion. miles long, miles air-line. There was fresh 
water the road except the upper end, and the problem supply- 
ing the graders with this necessity was very serious and expensive. 
The road and the Town Mollendo are now supplied pipe line 
about miles long, the ends which differ elevation about 
ft. 

Before the road was finished Mr. Meiggs made another contract 
with the Peruvian Government, build number roads, and Mr. 
Thorndike was made Engineer Chief all these roads south 
Lima. These were the Glo and Moquega, miles long; the Arequipa 
and Puno, 230 miles, and the Juliaca and Cuzco, 210 miles. The two 
latter, with the Arequipa and form the Southern System 
Peru. The first, from Glo Moquega, local road from the sea- 
port the interior. The second these begins Arequipa 
elevation about 7800 ft., and crosses the western range the 
Andes through the Las Cruces Pass altitude ft., and 
then descends Puno Lake Titicaca, which about 12000 ft. 
above the sea. This road was finished 1874. 

The and Cuzco leaves the Puno Railroad Juliaca, 
miles from its terminus, and runs almost due north. crosses the 
main range slightly lower pass than that the other road, and 
along branch tributary the Amazon. The lowest 
part the road 10050 ft. above tide water. The grading was 
started both ends, and also both slopes from the summit. 
1879 the track reached Santa Rosa, one-third the way 
when the work was stopped account difficulties between the 
Government Peru and the contractor. more construction work 
was done railroads for number years, and during that time 
Mr. Thorndike had charge the operation the Southern System. 

January, 1890, made contract finish the Oroya (now the 
Central Peru) Railroad three years. that time the track was 

‘id Chicla, town high the western slope the Andes, 
from the sea and 12215 ft. above it. Oroya, the other side 
mountains, was miles away, and about the same elevation. 
All grading the last miles had been done, but there was 
some heavy work between, including fifteen tunnels and several 
large bridges. The summit (in the last tunnel) 666 ft. 
All the larger bridges were erected the ground, which was 


| 
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trying and tedious task, the altitude was more than 15000 ft. All 
the work was above 12000 ft., and many difficulties were encountered, 
that would not found lower altitude, but the road was built 
the time example Mr. Thorndike’s remarkable 
executive ability. 


This was the last important work this modest, unassuming, and 
laborious man. 


“His last years were devoted mostly rest, but were also filled 
with small works, which showed his constant desire useful 
his fellow man.” 

Mr. Thorndike was magnanimous and lovable man, and all who 
knew him were his friends. 

was elected Member the American Society Civil Engi- 
neers May 7th, 1873. 
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CURVE RESISTANCE WATER PIPES.* 


The object this paper present the results some measure- 
ments which seem throw new light subject that awakened con- 
siderable interest and discussion among the members this Society 
some seven years ago. 

Saph, Am. Soe. and the writer, their 
the papert Messrs. Hubbell and Fenkell, 
presented results experimental studies the flow water 
line 2-in. brass pipe with 180° curves, return bends, varying 
radii curvature. seemed difficult harmonize these with 
one the principal conclusions the paper, namely: 


“That curves short radius, down limit about diam- 


eters, offer less resistance the flow water than those longer 


their closing discussion, this further defined 
Messrs. Williams, Hubbell and Fenkell these 


“In given length pipe consisting two tangents joined 
90°, the loss head will decrease the radius the curve 


This paper will not presented any meeting. but written communications the 
subject are invited for publication with 


Transactions, Am. E., Vol Experiments Detroit, Mich., the 
Effect Curvature upon the Flow Water 


Pages 319-322 same. 
Page 191 same. 
Page 348 same. 
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decreased, limit about diameters, and will increase the 
radius above that limit, the total length remaining the 
same.” 


Also: 


for the range these experiments, least: unite 
two points two tangents intersecting 90°, and equally distant 
from their intersection, pipe line consisting portions the 
two tangents and curve 90°, the line least resistance 
will one which curve about diameters radius used.” 

the time, critical comparison was made between the results 
the loss-of-head measurements 180° 2-in. brass pipe curves and 
those 90° curves 12-in., 16-in. and 30-in. cast-iron water mains. 
This seemed hardly justifiable with the limited data available. How- 
ever, Mr. Saph and the writer did point out* the probability large 
errors involved the Detroit Experiments. 

this account, and because other unsatisfactory features 
mentioned later, the writer felt the desirability making further 
experiments attempt clear the situation. now able 
present some new evidence that tends limit the general applica- 
tion the results the Detroit Experiments, does not essentially 
contradict them. 

The chief experimental problem that the writer set for himself 
was find the losses head due each number 90° curves 
different radii, for great range velocities the available 
facilities would permit. Given two long runs straight pipe con- 
nected 90° one part the problem measure the loss 
head portion the pipe line including the curve. The portion 
must long enough that the full effects the flow the water 
due the curve are realized the down-stream straight run pipe. 
Another part the problem find the loss head the same 
straight pipe used with the curves when uninfluenced effects 
(or other disturbance) and when the same con- 
dition when used with the This last difficult matter 
any with pipes large size, will appear presently. Evidence 
will given show, also, that often practically impossible, 
where the pipe lines are fixed place underground. 

The straight pipe chosen for the experiments first described 
was 6-in. wrought iron. Before the curve experiments were made, 
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straight line composed six pipe lengths was set the pipe alley 
alongside the large canal the Cornell University Labora- 
tory. The pipes were flange-connected. The total length 6-in. 
pipe was 122 ft. The loss head was measured length 99.33 
length 20.04 ft. being allowed stream from the first 
piezometer for the disturbances due entry from 12-in. header 
die down. The piezometers consisted each two diametrically op- 
posite holes the pipe wall into which T-handle cocks were 
three-way connection served join the short hoses from 
these cocks and the single long hose the gauge. water differential 
gauge was used measure the loss head. calibrated concrete 
measuring tank, 500 cu. ft. capacity, received the discharged water 
from 4-in. pipe with 4-in. regulating valve through which the 6-in. 
line discharged. instantaneous diverter deflected the discharge into 
the tank allowed run waste, desired. The measurements 
lasted from min., the time being accurately taken. Fig. 
Plate XLVI, photograph showing the pipe line. The results 
these measurements are given Table data from later 
straight pipe experiments are given also. 

After this the pipes were marked, disconnected, and transported 
the bottom the Fall Creek Gorge, Ithaca, near the hydro- 
electric plant Cornell Here the curve experiments 
were performed. Fig. Plate XLVI, photograph this plant 
and Fig. plan the pipe line. 

-The pipes composing the experimental portion the line were the 
same, and were set the same order when tested straight 
pipe line. The curves were placed between Pipes Nos. and the 
two up-stream pipes the experiments described above, and shown 
Fig. The down-stream tangent portion thus consisted Pipes 
Nos. and Pipe No. was not used for curve experiments 
this would have brought the end the pipe line out into the 

the end Pipe No. there was attached brass 
nozzle for measuring the velocity the pipe line. This nozzle 
shown Fig. Plate XLVI. had been calibrated previously 
tank measurements the Laboratory.. The average dis- 
charge coefficient from experiments, with pressure heads the 
base the nozz'e ranging from 1.649 50.208 ft., was found 
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The lengths the pipes, from face face flanges, are given 
Fig. the following are the inside diameters—the means four 
measurements, two each end: 


Pipe No. No. No. No. No. No. 
6.106 in. 6.086 in. 6.102 in. 6.078 in. 6.072 in. 6.083 in. 


1.95 Ft. 


CURVE EXPERIMENTS 


28 22.218 ft: 19;350-£t. 20.660-ft. 
4 Piezometer Up-stream 
PLAN 
PIPE LINE, 
AS USED IN 


Cornell University 
Hydro-electric 
Power Plant 


“ZBupply Pipes Blow 


3'7 "center to 
center, 


The curves used were made order, except that 
Nos. and 12, respectively, were standard “long sweep” and “short 
turn” 6-in., cast-iron, flanged, 90° elbows. Curves Nos. in- 
clusive, were bent from 6-in. wrought-iron pipe. Curves Nos. 12, 
inelusive, were cast iron. All were 90° curves; and all were left 

The wrought-iron pipe curves had about in. straight pipe 
each end. The ends had been threaded receive standard flanges. 
The cast-iron curves were flanged, faced, and drilled complete, ready 
for setting up. Fig. Plate XLVI, photograph the curves 
stacked against the power-plant wall. 
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TABLE CURVES. 


Qe a > as 
= =. - = SO 
1.08 2.16 1,50 1.50 3.00 2.54 
0.67 1,34 0.67 0.67 1.34 |5.98 


The dimensions the curves are given Table which ref- 
erence made the dimensions indicated Fig. dimensions 


Table are for the curves placed the pipe line, the wrought- 
iron bends having screw flanges attached. The distances from the 
faces the flanges the ends the wrought-iron curves were 
follows: Curves Nos. and up-stream end, in., down-stream 
end, in.; Curve No. up-stream end, in., down-stream end, in; 
Curve No. up-stream end, in., down-stream end, in. The inside 
diameters Curve No. were measured also points 45° and 
674° from the up-stream end. these points, }-in. taps for the in- 
sertion Pitot tube had been made both the vertical and hori- 
zontal diameters. The measurements were follows: 224°, 5.92 
and 6.09 in.; 45°, 6.08 and 6.08 in.; 674°, 5.95 and 6.15 in. 


— 
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Curves Nos. and were made error, the foundry making 
curves quite short radius, with straight portions each end, 
that the dimensions from the center the face were and 
respectively, where the writer’s order called for curves with the same 
radii the center-to-face dimensions. Curves Nos. and were made 
later, correct this error. 

The experimental pipe line was arranged with the idea keeping 
all conditions the same except for the introduction the several 
curves. Consequently, the flange joints the portion down stream 
from the curves were not disturbed throughout the experiments. The 
entire length ft. 6-in. wrought-iron pipe, together with the 
nozzle, was shifted bodily when new curve was placed the line. 
This was rather vigorous exercise for two men, but was accomplished 
judicious tilting the wooden horses supporting that part 
the pipe line. The portion stream from the curves was left un- 
changed during the experiments. 

The same up-stream piezometer was used for the curve experi- 
ments for the first straight-pipe experiments. The down-stream 
piezometer was new one, the same type, placed 1.05 ft. stream 
from the down-stream end Pipe No. which adjoined the nozzle. 
similar intermediate piezometer was placed 2.00 ft. stream from 
the down-stream end Pipe No. 

first was assumed that some effect the curves might ex- 
tend 100 more diameters down stream the straight pipe beyond.* 
The losses head all the curve experiments were 
tween the piezometer just stream from the curves and the piezometer 
just stream from the nozzle, distant 168 diameters down stream 
from the curves. These two piezometers were connected the two 
branches differential U-tube mercury gauge lines 
4-in. three-ply rubber tubing. The nozzle piezometer was connected 
one branch 8-ft. mereury U-tube gauge, the other branch 
which was open the atmosphere. These gauges were provided with 
blow-off cocks for the removal air from the gauge and connections. 

experimenting, the 6-in. valve was first opened wide establish 
swift flow through the pipe line. The gauge hoses connected the 
piezometers were allowed run for while before connecting them 


the gauges, being pinched near the gauge end while connecting up. 
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Finally, the pet-cocks were opened, and all traces air were blown 
off. Then the gauge readings were recorded and checked. The 6-in. 
valve was then closed little, and the readings were taken again 
scon the flow had become settled. this way ten twelve runs 
were made, the last being generally repetition the first run with 
the valve wide open. there was time, new curve was then placed 
the line. Otherwise, the change was deferred until another day, 
which case one more check runs were made the high velocities 
before removing the curve and substituting another. each set-up, 
the level the center the nozzle with reference the nozzle 
gauge scale was determined. The alignment the down- 
stream tangent was corrected after each change curves. 

When the work the twelve curves had been finished, Curve No. 
was replaced the line find whether not any appreciable 
change the condition the pipes had during the experi- 
ments. Then number Pitot-tube studies were made determine 
the conditions flow the piezometers and the curve. Later, 
G-in. serew elbow, the ordinary steam-fitting type, was placed 
the line, and series measurements made for the other 
curves. Finally, the loss head was measured the portion (46.10 
fi. long) the experimental section farthest down stream, Pitot tube 
traverses having shown normal flow the pipe ft., diameters, 
down stream from the curves. Hence, this portion represented straight 
pipe unaffected curvature effects. 

The results these loss-of-head measurements are given Table 
For simplicity, there given only the mean velocity the pipe 
line deduced from the nozzle mercury pressure gauge indications. 
The differential mercury gauge differences are taken directly from the 
checked subtractions the field notebook. These differences, multi- 
plied 12.57, would give the loss head, feet water, the 
specific gravity mercury being taken 13.57. 

illustrate the involved obtaining the velocity 
the pipe line from the observations the mercury pressure gauge 
the following sample: 

Experiment No. Curve No. October 10th, 1907, the gauge 
readings were: left 0.270, right 7.900. The difference 7.630 ft. 
The center the nozzle-tip level was 1.81 the gauge scale. 
Hence the top the left mercury column was 1.54 ft. below the 
center the nozzle tip. The pressure head the base the nozzle, 
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Logarithmic Plotting Observed 
Mean Velocities the Pipe line, showing 
‘Length varied only the introducti 
sponding Plotting for Straight Pipe 


Differential Mercury Gauge Difference, Feet 


Velocity, 


6-INCH PIPE, 90°CURVE EXPERIMENTS. 

Logarithmic Plotting Observed Differential Mercury Gauge Differences, with 
Mean Velocities the Pipe line, showing the Losses Head the Experimental 
‘Length varied only the introduction the several Curves. Also the corre- 
sponding Plotting for Straight Pipe without Curvature Effects, 


Differential Mercury Gauge Difference, Feet 


Velocity, Feet per Second 
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therefore, was 13.57 1.54 102.1 ft. The diameter the 
nozzle tip was 2.738 in., and the diameter the nozzle base was 
in., the ratio areas being 1:5. Theoretically, the nozzle-tip velocity 


5 


the nozzle base. stated above, the coefficient for this nozzle 
had been found 0.988 experiment. The mean diameter the 
pipe line 6.084 in. Therefore the mean velocity the experimental 
1.639 This gives, for this experiment, 1.639 
16.56 ft. per 

The results given Table were plotted logarithmically 10-in. 
base paper. Plate XLVII shows these plottings assembled. 

Now, order study the effects the curves, necessary 
uniform basis comparison. Thus the experiments were 
made introducing the various curves between two fixed lengths 
pipe. For this case, the observed losses head may compared with 
each other once using Table Plate XLVII; but such basis 
takes account the comparative lengths the several pipe lines, 
nor does consider whether not the same two points are joined 
the combinations straight pipes and curves. 

The writer has chosen two bases comparison. one, all cases 
are reduced equal lengths the center lines straight pipes and 
curves. the other, all cases are reduced what they would 
two fixed points had been connected two straight pipe lines with 
the various 90° curves between them. 

For both these cases necessary know the loss head the 
straight pipe when unaffected curvature. Two series ex- 
periments already described give this information. 

Turning Plate seen that the results the first 
straight-pipe experiments not agree with the later ones. Each 
series gives good straight line, but the two lines have different slopes 
and represent different laws flow. The equations these lines, re- 
duced represent loss head feet water per foot length 
pipe, are 

For the first series, 0.000 669 
For the later series, 0.000 598 
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TABLE 
& | 500 268 an 
1.085 16.00 0.994 16.11 
12.81 13. 
0.118 4.98 0.110 4.99 
0.055 3.46 0.051 3.45 
0.680 12.53 
0.590 11.64 
9.96 
0.308 
0.187 6.38 
0.074 3.82 
0.034 2.67 
CuRVE No. CurvE No. 
1.015 16.0 16. 
0.718 13.35 0.824 14.59 
0.460 10.62 0.349 9.29 
0.196 6.76 0.062 3.87 
0.107 5.02 10.46 
1.096 16.65 Oct. 1.070 16.68 
1.024 16.27 
| 
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TABLE (Continued). 
oso o | o ose 3 5.2 o 
0.240 7.63 0.419 10.50 
0.100 4.86 0.172 6.56 
1.016 16.62 
No. Curve No. 
16.40 0.981 16.40 
0.893 15.41 0.881 15.40 
0.298 8.67 0.426 10.55 
0.410 0.230 7.58 
0.238 7.78 0.107 5.15 
0.046 3.41 16.63 
16.61 
Oct. 26.. 16.61 
1.015 16.45 
0.963 16.01 
No. No. 10. 
0.819 14.80 0.990 16.40 
12.90 0.905 15.65 
0.544 11.94 0.778 14.48 
0.212 0.324 9.26 
0.076 4.38 0.214 7.41 
0.089 3.20 0.126 5.60 
16.62 0.064 3.97 
0.024 2.46 
1.016 16.64 
| 


426 


CURVE RESISTANCE WATER PIPE 
TABLE (Continued). 
No. 11. STRAIGHT-PIPE EXPERIMENTS. 
0.275 8.41 Sept. 4.. 1.901 0.0701 6.08 
7.07 1.449 0.0535 5.22 
9 0.056 3.78 5 | 1.000 0.0369 4.29 
2.87 0.831 0.0307 3.88 
1.046 16.56 0.704 0.0260 
0.715 13.60 0.160 0.0059 1.61 
No. 12. 
| 
16.31 
4 0.558 12.01 
0.320 
6 0.168 | 6.43 
va 0.072 | 4.21 
2.7 
9 0.612 12.61 
10 1,046 16.61 
Screw Second Series*: 33° fahr. 
16.15 spondin 
values. 
Nov. 18...) | 1.098 16.55 33 | 


*The velocities for the second series are 
computed for the mean diameter the 
section (46.10 ft. long) which was 


in. 
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show more clearly the magnitude this difference, the follow- 
ing values are given: 


Loss head, feet water per foot length: 


per per see. per sec. per sec. 
series 0.0052 0.0135 0.049 0.119 
Later series 0.0050 0.0135 0.052 0.129 


Thus, the outset, comes the question which must arise all 
experiments this kind: What was the law flow the identical 
straight pipe used with the curves when unaffected curvature, but 
otherwise the same condition? this depends the calculation 
the excess loss head the curves. 


There are number possible causes for the difference shown 

1.—The pipe may have become rougher rusting the interval 
the two series experiments; 

2.—Pipes Nos. and together may have had. different 
properties from Pipes Nos. and together; 

3.—The different temperatures the water may have caused 
difference loss head. 

was intended originally bring the straight pipes back the 
hydraulie laboratory and again test them first for loss head 
after the experiments had been finished, but the lateness the 
season prevented this. 

Later this paper the above possible causes differences will 
more fully. order remove any question mistaken 
judgment, the results are worked both ways. 

The individual observations, directly, are not used the final 
comparisons. From the mean lines drawn the logarithmic diagram, 
where all observed values for each curve have been plotted, the gauge- 
difference values for velocities 10, and ft. per sec. have 
heen picked off. These values are given Table 

All the cases have been reduced the length conditions existing 
the set-up for Curve No. For the first comparison, the observed dif- 
ferential differences for the other curves have been 
inereased amount corresponding the additional length 
straight pipe necessary give the same length the center line 


= 

20 

are 
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existed between the two piezometers when Curve No. was the pipe 
line. For the second comparison, the added quantity corresponds 
the extra length pipe required make the sum the tangent 
distances from the point intersection equal that for Curve No. 
These two cases may for brevity, respectively, the equal- 
lengths and the two-fixed-points cases. 


TABLE DIFFERENCES FROM THE 


Mean Lines Drawn ror THE ALL THE 
SERVATIONS, FEET. 


0.0444 0.1180 0.443 1.090 


TABLE 


For equal connect For equal connect 
No. curve. lengthson two fixed No. curve. lengthson two fixed 

center lines. points. center lines. points. 

8.92 ft. 5.00 ft. 13.90 ft. 17.56 ft. 


Table gives the length straight pipe added for 
curve for the two cases reduce all the conditions Curve No. 
The loss head per foot length straight pipe given Table 
Using Tables and the individual corrections are 
The results are given Table 
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TABLE 
From THE First EXPERIMENTS: FROM THE SECOND EXPERIMENTS: 
Mercury differential- Mercury differential- 
per second. Feet Feet 
gauge difference gauge differences 
feet. water. feet. water. 
0.001071 0.01346 0.001075 
0.1185 0.01026 0.129 


TABLE ADDED OBSERVED DIFFERENTIAL MER- 


Velocity, feet per second. Velocity, feet per second. 
curve. | | curve. | 


| 
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The values Table are added the corresponding ones Table 
obtain the losses head when the length conditions are the same 
for Curve No. If, from these latter losses head, there are sub- 
tracted the losses head the same length straight pipe without 
effects, the results are the excess losses head due the 
This has been done, using the values Table The units 
are feet difference mercury differential gauge. 


TABLE 


FROM THE FROM THE SECOND 


Velocity, 


0.1150 0.1108 0.1154 


The excess losses head, found above are given 
Table having been reduced feet water multiplying 12.57. 
(On mercury differential gauge the difference corresponds 
water difference 12.57 times great, the specific gravity 
being 13.57.) 

Table these excess losses head are expressed terms the 
lengths straight pipe that would give the same losses. Table 
they are expressed terms the velocity heads. Tables and 
have been worked out the basis the second series straight- 
pipe experiments only. The excess losses head, given Table 
are plotted Figs. and show the relation the radius 
The points have been connected short straight lines, 
attempt being made draw smooth averaging curves. The results 
given Table have been plotted the same manner Figs. and 
results are now shape for discussion the influence 
curvature. 

Fig. for increasing radius decided 
lessening the excess loss head throughout the range the ex- 


periments. Fig. seems indicate the whole gradual decrease 
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the radius the curve increases above about 1.25 ft., diam- 


eters. Certainly, there general indication increasing loss 
head. 


Velocity, feet per second. Velocity, feet per second. 
curve. curve. 


elbow. 


Figs. and show how the results are modified when the results 
the first straight-pipe experiments are used. Fig. especially, 
interest comparison with Fig. are based the equal- 
lengths Fig. the excess loss tends approach 
for the long-radius but, Fig. the average excess appears 
nearly constant for the longer radii. this latter constant 
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Papers. 


THE 


EQUAL THE Loss THE CuRVES. 


EXPERIMENTS. 


For EquaL LENGTHS CENTER LINES: 


Velocity, feet per second. 


8.4 
3.2 
5.0 
6.8 
3.0 
4.8 
12 9.8 8 


3.2 


Velocity, feet per second. 


No. 
4.0 
3.0 
5.0 
5.6 
1.8 
4.8 
4.2 
4.8 
5.6 
5.6 
9.6 
Screw 14.3 


elbow. 


0.2 
2.7 —8.8 
0.2 —0.8 
2.1 1.2 
2.7 1.9 
1.2 
2.7 1.9 
2.9 2.0 
3.5 2.6 
4.4 3.4 
5.4 5.3 
6.7 
13.5 13.6 


EXPERIMENTS. 


For LENGTHS CENTER LINES: 


curve. 
& 
0.2 
0.11 0.05 
0.18 0.12 
0.24 0.18 
0.18 
0.20 0.15 
0.17 0.14 
0.19 0.15 
0.18 
0.35 


Velocity, feet per second. 


No. 
2 0.00 
3 0.11 
4 0.18 
0.20 
7 0.17 
0.15 
0.17 
10 0.20 
11 0.2 


0.05 
0.12 
0.13 


0.01 
—0.09 
0.01 
0.04 
0.09 0.06 
0.04 0.04 
0.09 0.06 
0.10 0.07 
0.12 
0.11 
0.18 0.17 
0.35 0.22 
0.45 0.44 


4 | 
| 
—0.02 
0.10 
0.05 
0.09 0.12 
0.10 0.14 
| 0.19 | 0.19 | 
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represents the truth, then remarkable dilemma presented. 
the pipe becomes less and less the external condi- 
tions approach nearer those straight pipe. The natural in- 
ference that the loss head also approaches straight-pipe values, 
unless, indeed, argued that the slightest deflection from straight 
pipe immediately causes considerable excess loss 


0.6 
0.5 


Same as Plotting above but using First Straight 
Pipe Experiments in-the 


Feet Water,of Straight Pipes joined 
over equal length Straight Pipe alone 


by a 90 Curve 
| 


Excess Loss of Head,i 


| 


Curve,in Feet 
AND 


tunately, there exist experimental data which will assist the 
sideration these points. These will given presently. 

Fig. shows the same tendency Fig. although the decrease 
loss head with increasing radius curvature less decided the 
basis the first straight-pipe experiments. 


Detroit Curve Experiments, Transactions, Am. Soc. E., Vol. 1902, Con- 
clusion page 191, and pages 
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the difference found between the results the two straight- 
pipe series, the following may stated. Conditions temperature 
were favorable for some rusting during September, after the first 
straight-pipe series and before the first curve experiments were made. 


90°CURVE 


1.0 
0.9 
0.8 


6-INCH PIPE 


0.4 


0.3 


points, over length Straight Pipe alone equal Sum the Tangent distances 


from the point Intersection. 


Excess Loss Head, Feet Water Straight Pipe with 90°Curve joining two fixed 


Velocity = =1 Ft. Ftsper Q 


Radius Curve,in feet 


During the curve experiments, the data show indication increas- 
ing roughness, any effect changes temperature the 
water.* All the straight pipes had been used steam-heating main 


*This remarkable. has been observed, for smooth brass pipes all sizes between 
in. and 5in. diameter, that the loss head increased about for decrease 
temperature the water 10° fahr. Rougher pipes. such galvanized iron and wrought 
iron, show effect due temperature changes. 


-0.4 
-0, 
Same Plotting above but using First Straight 
Pipe Experiments the Calculations 
4 


Papers. CURVE RESISTANCE WATER PIPE 435 
for some years, and all seemed have uniform internal appearance. 
The first series had velocities greater than ft. per sec., while the 


series had velocities high the curve experiments. 


2 ‘ 


0 1 2 3 4 5 6 v 8 9 10 


Radius Curve,in Feet 


PIPE 


equal to excess Loss of Head of Straight Pipes wit 
90°Curve over equal length of Straight Pipe alone. 


Length of Straight f 


Length of Straight Pipe,in Feet,to give Loss of Head equal to Excess 


Loss of Head of Straight Pipe with 90° Curve joining two fixed points 
over length of Straight Pipe alone equal to the sum of the tangent dis- 


tances from the Point of Intersection. 


Radius Curve,in Feet 
separate measurement the loss head Pipes Nos. and when 
uninfluenced curvature was not made, and impossible de- 


cide their hydraulic properties compared with Pipes Nos. 
and 


6 © 
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e of 


436 CURVE RESISTANCE WATER PIPE 


thus clear that, without additional evidence, not possible 


reject one the straight-pipe series and accept the other, feel 
safe using average values. 


relation this matter, the writer desires present the data 


from measurements 8-in. cast-iron water main. This main sup- 


plies raw water the Cornell University Filtration Plant.* had 
been laid and use for three years before the experiments the fall 


1906. Before laying, the inside diameter each length had been 


the time laying, each pipe length was set accurately 


line and grade with transit. After laying, and before covering 


CORNELL UNIVERSITY 
8-INCH CAST-IRON RAW WATER 


PIPE LINE This intermediate tangent contains 
Change of grade made by four equal deflections in M 900- 
five equal deflections in consecutive pipe joints. A | 
Change of grade made by consecutive pipe joints. 890- 
890 five equal deflections 0.36% Grade 
3} 880 consecutive pipe joints. PROFILE 
_ Lengths between piezometers on Diameters, Vertical, at , -870 
$j 870 center line, Feet piezometer taps, Inches | 
3| pipejoint. ag G-H 82.82 K-L 83.30 G 3.06 K 8.05 850- 
> 810 
Mean diameters, Inches. 
830- 
E-F 7.999 I-J 8.006 
F-G 3.036 J-K 8.022 
G-H 8.008 K-L not Measured 
306 L-M * 
. 
This deffection made by a~ ant 
fractional portion cut from 5 
a 45° bend, 


the pipe, the piezometer holes were drilled and tapped, and the diam- 
eters measured these points; the brass piezometer cocks were 
inserted not project inside, and the lengths between the 
piezometers were measured and checked the ditch. 

The plan and profile the pipe line are shown Fig. There 
are eight experimental sections, four which contain deflections, and 
four which are straight, preceded considerable lengths straight 
pipe. 

The piezometer taps were placed top the pipe and ft. 
stream from the joints, except that those before deflections were placed 
ft. stream from the joint where the first deflection occurred. 


The flow the pipe line was measured the filter plant 


*Designed Williams, Am. Soc. See The Engineering Record, April 9th, 
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Loss Head, Feet per 1000 Ft. Pipe Lentgh 


, | | LOGARITHMIC PLOTTING 
FOR 
STRAIGHT SECTIONS 

See Fig.9 for Dimensions 

n- 

re 

0.5 0.6 0.7 0.80.9 1.5 2.5 
Velocity, Feet per Second 
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Venturi meter which had been accurately calibrated place 
volumetric measurements. differential water gauge was used with 
the meter. The losses head were measured with portable differ- 
ential water gauge mounted tripod. The gauge was set 
the ground midway between two piezometer wells, and pressure con- 
nections were made with small three-ply rubber hose after thoroughly 
blowing off remove all air. 

The flow was controlled valve the filter plant. was pos- 
sible shut this valve down entirely, and thus get no-flow conditions 
and check the gauge readings. The electric motor-driven two- 
stage centrifugal pumps the lower end the pipe line allowed this 
procedure without any trouble. 

After changing the valve setting and allowing the flow become 
steady, simultaneous readings were taken the meter and the loss- 
gauges. The results are shown graphically Figs. and 11. 
For the straight sections the observed losses head have been reduced 
uniformly loss per 1000 ft. will seen Fig. that the 
straight sections differ among themselves. Thus Section has less 
and Section has greater loss head than the average the four 
sections; fact, Section has about 15% greater loss head 
than Section H-F. The equation the mean line for the four sec- 
tions straight pipe 


where the loss head, feet per 1000 ft., and the velocity, 
feet per second. (The corresponding values C,in 
are: ft. per sec., 101; ft. per sec., 107.) 

Fig. shows the difference between this average law flow for 
the straight portions and the the sections containing de- 
flections. remarkable that Section F-G with single 3.8° de- 
flection, Section H-I with curve composed five 3.17° deflections. 
and Section J-K with reverse curve composed one with 
five 2.18° deflections and another with four 2.81° deflections, all show, 
the whole, less loss head than the average equal lengths 
straight pipe. Section with short-radins bend giving 
tion 12° 56’, the only one showing greater loss head. 

The writer does not argue from this that such easy de- 
flections are more favorable for the flow water than straight pipe. 


Observed Loss Head, Feet Water 
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The lines are not drawn to fit th plotted points, 
but represent the conditions in the straight 
portions of the pipe line for lengths equal to 
the lengths of the sections with deflections, 
Hence this plotting shows graphically the 
excess or deficiency in loss of head due to the 
deflections, 
See Fig.9 for Plan and Profile Pipe Line 
with dimensions. 
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but does see the indication that any difference very small and 
may less than the difference between two straight sections the 
same pipe line, occurs the case above recorded. 

The 6-in. wrought-iron pipe experiments also give some informa- 
tion the question the effect slight deflections otherwise 
straight pipe. The first series, October 10th, 1907, was made with 
decidedly zigzag appearance the down-stream tangent, that is, 
ihe joints were not straight line, although the individual pipe 
lengths themselves were straight. October 12th the series was re- 
peated, but with the down-stream tangent carefully aligned. dif- 
ference results noticeable. 

Viewed the light the foregoing, easy decide that the 
first 6-in. straight-pipe experiments not apply the later curve 
experiments the deduced excess loss head does not continue 
approach zero for the long easy curves. this respect, the differ- 
between Figs. and noteworthy. 

Now, all this contradicts the findings Messrs. Williams, Hub- 
bell, and Fenkell the Detroit Experiments. The writer cannot 
imagine that radically different laws apply the cases investigated 
him and these experimenters. 

One difference conditions noted, however. The long- 
radius curves the 30-in. Detroit main were made several 
pieces, while the writer’s 6-in. curves were all one-piece bends. 
the probable small effect the joints, the writer’s 8-in. pipe experi- 
ments, with small deflections, give some idea; but there are other pos- 
sible causes for the divergence the findings. The smallness the 
measured losses, with the comparatively low velocities available the 
Detroit 30-in. main, would tend magnify excess losses due other 
effects than curvature. Thus, Figs. and will seen that 
very different appeal the eye given the line for velocity 
ft. per sec. than the line for velocity even ft. per 

There remains, also, for the Detroit Experiments, the possibility 
relatively large errors due several causes. These errors were 
considered Messrs. Williams, Hubbell, and Fenkell their closing 
discussion, and table was presented* which corrections—as large 


50% one case—were made the results given the main part 


the paper. These corrections materially alter the appearance 


the remarkable Fig. the paper. 


*Table No. 89, page 360, Transactions, Soc. E., Vol. 1902. 
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If, now, the Detroit Experiments, the causes for incorrect 
deductions above mentioned there added the effect using for com- 
parison the results experiments short sections straight pipe 
that might have had quite different hydraulie properties from the 
straight pipe the curve section, easy see that the combination 
may have led conclusions not all general 
their applicability, and perhaps even wrong for the case hand; but, 
this matter, the writer quite content with suggesting the 
salient arguments. 

After all, however, the will particularly interested 
the magnitude the excess losses head due curves. Are they 
seriously large extreme case? 

Figs. and show that the excess loss head for the shortest 90° 
straight pipe. When the radius diameters the excess loss 
head equal the loss diameters length straight pipe. 
this relation Fig. interesting. seen that, for the smooth 
brass 180° curves, the excess loss head rather less than the loss 


head diameters length straight pipe. The expression, 
72 


seems give fair average value for the range these 
experiments. 

Table shows that the 6-in. elbow gives excess loss 
head equal the loss about diameters length straight 
iron pipe. The writer has also the record some accurate measure- 
ments the loss due 3-in. and 4-in. screw elbows, from which 
appears that the losses are equal, respectively, the losses and 
diameters length straight wrought-iron pipe. 

When, therefore, the Detroit Experiments, after thorough revision, 
indicate for long easy curve 30-in. pipe excess loss head 
equal the loss diameters length straight pipe, not only does 
the loss seem too large when compared with the loss screw 
elbow where sudden enlargement and contraction are present addi- 
tion extremely short-turn curvature effects, but the whole trend 
the results directly the opposite what shown the writer’s 
experiments and 8-in. pipes. 

Now, may that Nature changes her methods somewhere be- 
tween pipes and in. diameter, regards the effects 
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curvature. must so, both the Detroit Experiments and those 
the writer have been interpreted correctly. The evidence seems 
stand follows: Detroit, with small range low velocities 
(the greatest about ft. per sec.) the 30-in. pipe line shows increas- 
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ing loss head with increasing radius curvature for curves with 
radii between and diameters. (The other pipe lines, and 16-in., 
have only short-radius curves, and the results are not consistent.) The 
writer’s experiments 6-in. pipe, with velocities ft. per sec., 
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show the opposite. His 8-in. pipe experiments indicate measurable 
excess loss head for bends composed series small deflections 
consecutive joints ordinary cast-iron pipe, and his 6-in. pipe also 
shows appreciable excess loss for several small deflections. The 
quantitative results for the long Detroit 30-in. 90° curves are far 
excess the 180° 2-in. brass curves, the writer’s 6-in. 90° curves, the 
and 6-in. elbows, and, above stated, are contradicted 
the no-excess results the 8-in. long, easy curves. 

If, then, for any reason, engineer wishes use long, easy 
curve, series small deflections, the joints between straight 
pipes, the writer’s experiments indicate just what most hydraulic en- 
gineers have assumed, namely, that there practically difference 
between the loss head due long, easy curve and that due 
equal length straight pipe. 

the basis the loss head per foot length 
curved portion have been made, because all the excess loss head 
probably does not the unknown part the loss 
taking place the down-stream tangent the region where the ab- 
normal flow returns normal. Partly for this reason, also, was 
not deemed wise attempt any correction account the smaller 
diameter the 6-in. cast-iron curves, or, indeed, account the 
variation the diameters any the curves from the mean diam- 
eter the straight pipe. Besides, have precise knowledge con- 
cerning the effects slight sudden enlargements contractions, such 
are involved these experiments. 

The writer has found this interesting study, and would gladly 
have extended the experiments other sizes pipes, but the cost, 
time and money, rather large. would suggest the desirability 
similar studies other small sizes, and many further experi- 
ments curves existing large pipe lines. 

The writer desires acknowledge his indebtedness Professor 
Gregory, who worked with him throughout the 6-in. pipe ex- 
periments, and subsequent Pitot tube investigations the course 
which was shown that normal flow prevailed all the piezometers 
the 6-in. pipe. 

After preparing this paper, the writer’s attention was called 
record experiments 90° bends and 4-in. pipes.* These ex- 


No. 3679, Loss Pressure Water Flowing through Straight and Curved 


Arthur William Brightmore, Inst. E., Minutes Proceedings, Inst. E., 
Vol. CLXIX, 1906-1907, 323. 
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periments covered right-angled elbow and right-angled bends having 
radii equal 10, 12, and diameters 3-in. pipe, and the 
same, excepting the last two, 4-in. pipe. 

The arrangement resembled that the writer except that the 
down-stream piezometer was located rather close the being 
ft. in., diameters, distant for the 3-in. pipe, and from ft. 
ft. in., from diameters, distant for the 4-in. pipe. 
The length straight pipe stream from the up-stream piezometer 
was ft. for both the and 4-in. pipes. 

Fig. reproduction Mr. Brightmore’s plotting the re- 
sults his experiments. There striking similarity between the 


LOSS HEAD DUE BENDS PIPES 


Loss Head due Curvature Bend, 


0 2D 4D 6D gD 10D 12D 14D 
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13. 


shape his and those the writer Fig. (which corre- 


sponds Fig. The hump the curves between and diam- 
eters appears both Figs. and 13. 


The quantitative results are not 
readily compared. For Mr. Brightmore’s 4-in. pipe the straight pipe 


For the 3-in. pipe (galvanized) the coefficient was for 
ranging from ft. per the writer’s experiments, the co- 
efficient for the 6-in. wrought-iron pipe was 119 125 for ranging 
from ft. per sec. Mr. Brightmore purposely allowed the pipes 
and become rusted, but, states, not tuberculated. The 
foregoing figures indicate that was working with much rougher 
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pipes than the writer used, and the quantitative values shown Fig. 
indicate the same comparison with Fig. 

evident that further experiments are desirable before precise 
laws stated, although the qualitative results Mr. Bright- 


more and the writer agree indicating decreasing loss head for 
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NOTES UPON DOCKS AND HARBORS: 


PRESENTED SEPTEMBER 2D, 1908. 


During the year 1907 the writer visited the principal ports 
Europe and the United States for the purpose procuring data for 
the preparation report upon the future needs San Francisco 
the matter port improvements. 

For the foreign work had exceptional facilities for observing 
completed works and receiving information concerning new pro- 
jected work. result, obtained large quantity technical 
literature, maps, plans, and photographs, well notes, and, be- 
lieving that some the data obtained may general interest 
the profession, has prepared the following paper. 


EUROPEAN WITH AMERICAN HARBORS. 


striking difference the ground plans port works once 
apparent the visiting engineer. The development piers 
jetties, like that San New York, has parallel. Gen- 
erally speaking, the European idea one enclosed basins, with 
without locks, tidal may require. the Mediterranean, 
where the tide ranges from in., there usually protection 


papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and may 
sent mail the Secretary. Discussion, either oral written, will published 
subsequent number Proceedings, and, when finally closed, the papers, with 
discussion full. will published Transactions. 
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from the sea, mole breakwater built and behind safe 
harbor created dividing the protected area into basins 
separated solid filled piers,. usually from 300 400 ft. wide. Upon 
these piers there first space from ft. for cranes and one 
railway track. Next are the sheds, from 130 ft. wide; then there 
open space between the sheds for two railway tracks, and wagon 
road between them. Naples was necessary build such wall 

cities like Antwerp, Rotterdam, Bremen, and Hamburg, 
tidal rivers, the problem has been one obtaining the desired area 
dredging out basins and enclosing them with quay walls, leaving 
cient space for railway connections, sheds, warehouses, and roads, the 
whole being arranged facilitate business. this matter 
specially noteworthy that railway connections have been provided 
all points, and, generally speaking, freight can transferred directly 
from the ship the vice versa, thus avoiding delay and extra 
handling. 

Liverpool, which essentially receiving and forwarding port, 
has perhaps the best arrangement railways and stations. 
length miles water front there are ten more great railway 
freight stations, all being just the rear the docks. point 
efficiency belt-railway service, there nothing present the 
States that comparable with that any first-class European 
port. Within the City Philadelphia there are more railway lines 
connecting manufacturing establishments with the various roads than 
any other city the same area, but, the other hand, the rail- 
ways own and control about 80% the available water front. New 
York has belt-railway, and doubtful will ever have one. 
the price land required for prohibitory. San 
fortunate, this respect, the State owns the water front, along 
which there street 200 ft. wide, and upon which there State 
helt-railway. the recent plans for the port improvements are carried 
out, the new street along the water front will have width 350 ft., 
upon which there will ample room for belt-roads, warehouses, and 
railway freight stations, well street cars and other vehicular 

Europe the planning new work especially note- 
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worthy. For example, Antwerp, broad, comprehensive scheme 
port enlargement has been carefully prepared, and such magni- 
tude that will require many years for its execution. The Board 
Control has acquired the lands, and planned the roads and rail con- 
nections long advance actual needs, thus permitting its orderly 
execution without regard any vested interests. the city grows 
around the new port, will not have make expensive changes. 
Similarly, Rotterdam has planned gigantic basin where in- 
tended dredge 650 acres depth ft. and deposit the soil 
the low lands below. estimated that the completion this work 
may require from twenty thirty years. All the larger ports 
Europe are planning and executing extension their 
facilities hold their present and secure share expected increased 
trade. Coincident with such work, much attention given making 
the city attractive, place where one would like live, and where 
visitor would like again.. They have, general, good ad- 
ministration, and are able select and keep employed men ability 
administer the utilities. rule, they look further ahead 
than Americans; other words, they think more before taking action. 


STATISTICAL CHART. 


Among the duties imposed upon the writer was the request try 
and the amount the future commerce the port San 
and plan improvements ample for such purpose, say fifty 
years hence. The method investigation and the results. are shown 
upon the diagram, Plate After preliminary study the 
data, was found that, owing the rapid increase the quantities 
platted, and the natural irregularities the subject, the ordinary 
method showing the time relation was not suitable for prediction 
purposes, and the method was used. the diagram, Plate 
the year 1700 zero, 1800 100, and 1900 200, and the 
logarithms these numbers were used for the time Four ver- 
tical were drawn, cover all the data used 
without confusion lines. such diagram line de- 
notes exponent; for example, the average line drawn through 
“Value Merchandise Exports and Imports, United States,” the 
graphical representation 
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For Hamburg’s tonnage, the exponent about 10, and for the popu- 
lation the United States the exponent about The degree 
accuracy this method forecasting can readily seen going 
back, say, 1870 1880, and projecting ahead the present time. 
The application logarithmic platting such purposes believed 
the writer new. 

commonly held experts that the production pig iron and 
steel good financial barometer. The production iron and steel 
(not shown Plate XLVIII), the horse-power used the United 
States manufactures, and the total bank deposits the United States 
are three curves which can almost exactly superimposed moving 
them vertically into position; other words, they have common ex- 
ponent law increase. 

Some very interesting conclusions may drawn from this diagram. 
example, the year 1900, London and Liverpool tonnage were 
moving common rate growth. London then needed port im- 
provements, but expended its energy discussion (and very thorough 
one was), while Liverpool deepened and extended its docks; the re- 
sult can plainly seen upon the diagram after 1900. The diagram 
also shows that the exponent population the United 
States about exports and imports the United States, about 
world’s about United States bank deposits, about 10; the 
horse-power, and manufacture pig iron, steel, about 13; 
consequently, per capita, this means rapid increase business for 
the engineer, because the increase such activities, referred time 
relation, measured, per capita, the difference exponents. 

The data relating steamships are quite interesting. They were 
compiled from valuable report,* Elmer Corthell, Am. 
the average tonnage vessels, about 841 tons 1873, 1955 tons 
1903, and now about 300 tons. 


The draft (loaded) vessel can expressed equation 
this form: 


which ranges from for small vessels 0.88 for those the 
largest type. There doubt that would uniformly taken 


the Tenth Congress, Milan, 1905, Permanent International Association Naviga- 
tion Congresses. 
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about the depth water ports permitted it. quite prob- 
able that vessels will increasing general dimensions, because 
more economical transoceanic business large vessels 
great depth than small ones. Naturally, there must almost 
general work deepening ports and docks before there can any 
great advance draft. The average ship tramp, and does business 
any place, and, for the present, not many ships great draft can 
operated, and those only between ports which there the 
requisite depth water and dockage; but may confidently pre- 
dicted that the natural law draft will involve the uni- 
versal deepening least all the world’s greater ports. 

Very notable the relation between the exponent growth 
population the United States—about 4—and that the trade the 
United States and the world’s commerce—about This means per 
capita: increase the square the time since the year 1700, or, 
for every dollar’s worth trade per capita now, about $1.50 trade 
years hence. 

Still more marked the relation, population compared with 
such activities the production steel and pig iron, horse-power 
used manufactures, and bank deposits. All these activities have in- 
creasing exponents, the difference being from which means 
that, per capita, the United States these activities are increasing 
the 6th the 9th power the time, measured from the year 1700, 
all which points ever-increasing demand for competent techni- 
trained men direct such service. 


piling has been used Ravenna, Venice, Boulogne, 
Rotterdam, Hamburg, Southampton, and number places. Speak- 
ing generally, the experience has been satisfactory, although some 
serious difficulty has been encountered driving such piling. 
Some trouble was observed Hamburg, where concrete piles, from 
ft. long, were being driven for the launching ways ship- 
yard, many the piles being badly broomed and broken. this 
they were driven sand fill, without the use water-jet. 

Southampton the best place which observe such work, 
experience there covers longer time, and the piles are greater di- 
mensions than elsewhere. the time the writer’s visit, 18-in. 
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piles, ft. long, were being driven sheet-piling the front 
quay wall which had failed sliding These piles were 
driven about in. front the wall using jet and steel 
bonnet lined with cushion sawdust. The penetration was ft., 
heavy steam hammer being used for driving. Embedded each pile 
near its center there was iron jet pipe with elbow about ft. 
from the top. the bottom this pipe was screwed into cast-iron 
point; the nozzle opening was in. The pressure was 200 lb. and the 
quantity water used was from 5.5 cu. ft. per min. least 
days was allowed for seasoning. trouble was experienced driv- 
ing, and brooming breakage was noticed. 

this place there coal wharf reinforced concrete piles 
which also has diagonal braces concrete and concrete deck. This 
wharf has been subjected unusual amount buffeting and hard 
service, and quite Two piles which were broken off under 
water collison were repaired divers. The broken parts were 
removed, then iron tube was inserted and caulked place, after 
which the tube was pumped out and filled with concrete. 

Extensive improvements being under way for the London South 
Western Railway (the owner the docks), their engineer, Mr. Shields, 
had just completed careful inspection all concrete work. re- 
ported that all work below water was sound condition, but that 
few remarkable cases rusting and exfoliation had occurred above 
the water, for which satisfactory explanation could found. 
this the writer saw very strong resemblance the failure ex- 
panded metal concrete floors, reported the Structural Association 
San Francisco 1906. final result, was decided that for 
any new work Southampton, there should never less than in. 
covering the reinforcement, both above and below water. 

Paris the writer was informed Quinnette Rochemont, 
Am. that although the length experience with re- 
concrete piles was not greater than from years, was 
favorably impressed, and that the Corps the Ponts Chaussées 
would use them freely the conditions required it. 

Young’s million-dollar pier Atlantic City example, 
large the use concrete piles. These piles have riveted case 
steel which secured concrete point. They were hoisted 
into and filled with concrete depth about equal the 


Inspecteur Général:des Ponts Chaussées. 
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water; they were then lowered and put down jetting about ft. 
into the sand, care being taken have the concrete filling all times 
above the surface the water. There are reinforcing rods, and, 
when the outer galvanized cylinder fails, the structure must depend 
upon the tensile strength the resist the lifting action 


the waves, which, owing the exposed position the pier, may 
quite severe during storm. 


WEAR CONCRETE. 

Most the quay walls observed Europe are faced with rubble 
ashlar. Belgium, Holland, and Germany they have rubble facing 
hexagonal basalt blocks about ft. deep, prevent wear. the 
Albert Dock, London, concrete non-faced quay wall has been use 
about years, and, having been subjected much buffeting from 
lighters well ships, has worn away about in. 

Careful inspection was made possible action near the 
water line due freezing, wave action, both, but nothing note- 
worthy was seen. However, Baltimore there noticeable excep- 
tion, for, certain bridge piers, and for vertical range in., 
the concrete has disintegrated depth several inches about 
the ordinary water line. Aside from the affected part the concrete, 
which was covered with vegetable growth more dense than the 
lower unaltered part, nothing unusual was observed. The concrete 
above and below the affected zone good. 

Various theories have been advanced account for the decomposi- 
tion. The most plausible one that with small tidal range there 
destructive action the waves lapping the affected zone, and this, 
perhaps, assisted ice action. None the theories suggested, 
when weighed and considered reference similar structures else- 
where, appears the writer tenable. Believing worthy investi- 
gation, the matter has been reported the United States Geological 
Survey, with request for investigation and report. 


Europe extensive use being made hollow concrete caissons, 
both plain and for breakwaters and quay walls. The 
structure towed into position and sunk, after which the hollow cells 


are filled. Some those used for breakwaters weigh more than 
metric tons. 
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Rotterdam, caissons 131.2 ft. long, and having width ft. 
the base and ft. the top, and ft. high, were being used. 
middle division wall through the length, and nine cross-walls, divide 
the caisson into twenty cells. Four such were built the 
same time improvised dry dock. The first step was the prepara- 
tion base, about ft. thick and 131.2 ft., well reinforced, 
and this were embedded the vertical rods for the walls. The ex- 
ternal side walls, about in. thick over the base, were carried with 
batter. When the caisson walls were about their 
final height, the gates were opened and the were floated out 
place the harbor where they were secured mooring piles. 
they were completed, meanwhile being afloat for one two months. 

there are streaks peat the soil Rotterdam, the bad parts 
are removed dredge, and then the dredged cut filled with sand 
least ft. deeper than the base the caisson. Then the 
towed into place, and, means tongue and groove the ends, 
the floating mass brought into alignment, the free end being con- 
trolled tackle. Next, opening valves, the caissons are sunk 
the prepared bed sand, after which the water pumped out the 
front row cells and these are filled with the rear row 
cells filled with sand save expense. 

the older construction, the site was dredged, then 
mattress facing was placed, and this was allowed stand for one 
two years secure thorough settlement the mass and the 
rear the mattresses. Afterward wood piles were driven through the 
mattress and, using special diving bell, were cut off and capped 
below low water; then they were decked with wood reinforced con- 
crete upon which was built the quay wall. The floating, reinforced 
conerete method was stated cost less per linear foot than 
for piles decked with and more than for piles decked with 
wood. Practically, the cost may said the same, with the de- 
cided advantage nearly wall. 

Where rock convenient, this method might used with ad- 
vantage: Having made the dredged cut, next place along the front line 
the one more rows piles, which might driven to, 
cut off, say, ft. below, the grade the bottom the and 
then rock fill grade; the object the piles covered rock would 
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prevent any rotation the concrete block around the outer toe 
due thrust from the shore side.* 


Paris the writer witnessed demonstration the Compressol 
method preparing foundations. sort pile-driver, heavy 
conical weight dropped repeatedly upon the soil, and, when the de- 
sired depth obtained, small stones are dropped into the hole, and, 
special forms conical weights, are forced down and out into the 
soil, after which concrete rammed into place the same means. 
completed pile will generally diameter and have bulb 
the base. 

One contractor Belgium has eighteen these machines work. 
There are many places where such system might used; its special 
value would appear firm soil loam requiring piling, and 
where the pile heads would above the permanent water plane. 
Whether, point economy, presents any advantages over some 
the patented American systems not known the writer. 
asserted, those advocating the Compressol system, that, owing 
the thorough compression given the ground, both laterally and ver- 
tically, combined with the mushroom-shaped base the pile, 
capable sustaining two three times much load piles used 
American systems. Certainly there must considerable merit it, 
otherwise would not used extensively. 


Woop Driven ANGLE. 


Bremen, and notably Bremerhaven, the practice con- 
struct much the new work the dry. The area enclosed 
stripped, land dredges and cars, ft. below low water, and 
kept dry pumps. Along the proposed line quay wall, two 
single-rail tracks are laid, about ft. apart; these serve carry 
pile-driver which traverses carriage supported the two rails. 
pile-driver arranged swivel two directions; thus the driver can 
placed with great precision and dispatch, and piles can driven 
any desired batter. the practice select long piles, and 
drive each tenth bent piles. The ways are marked with metric 


good illustrated technical description the work Rotterdam may found 


Ingenieur, July 20th. 1907; The Hague, Holland. This has not yet been translated into 
English. 


J 
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and attendant records the position the pile each fifth 
tenth blow. From these data piles suitable length are selected 
for the intervening nine bents, and similar record driving 
kept. Should one more piles group settle too much during 
the last ten blows, longer pile driven the bent the ad- 
joining bents give additional bearing power. The bents, when 
driven, batter about like the letter the cross the 
two strong timbers are bolted the framed piles, and longitudinal 
wales are bolted the piles and side pieces, and 6-in. wood floor 
completes the foundation. Upon this foundation quay wall rubble- 
faced concrete built, and bonded the rear piles tension rods, 
after which the area opened and excavated the full depth 
dredges. construction this kind resists most effectively the thrust 
from the landward mass earth, the outer piles being compressed and 
the rear piles tension. 

Mr. Claussen, Dock Engineer Bremerhaven, says that con- 
siders tons per pile safe load when used tension. number 
long walls, such the sides dry dock, quay walls, and locks 
use for ten years, were remarkably straight, and offered strong evi- 
dence the value this system construction. This could not 
used limnoria teredo were present, unless the piles the outer 
row were covered concrete wall; but might have application 
for mooring bits, where the piling protected, and perhaps would 
advantageous where required erect temporary bulkhead 
and load the ground landward for year more, consolidate 
before commencing the permanent construction quay wall. 


CRANES. 


nothing the difference between the United States and Europe 
marked the non-use here and the general use there power 
cranes, usually hydraulic, but often electrically operated. 

quite common for merchant visit Europe and, having 
noted the many excellent things seen, quite naturally think that 
among the improvements required the United States are cranes. 

Europe several thousand cranes are installed; upon average 
there one crane 283 ft. quay wall, and their usage quite 
variable, 


> 
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Marseilles, 1903, thirty-four hydraulic cranes, having 
capacity 2750 worked 121 days per year for each crane, 
basis, and averaged 25.2 loads per hour. Ten cranes double 
power, but working one metric ton, worked 115 days; and working 
tons, days each per year. 

The whole number loads was 116 980, which gave income 
166 312 franes, 2.92 cents per load. The average income crane 
was about $745 per year, which includes the power and the crane 
operator. This port has perhaps more intensive use cranes than 
those farther north, where generally only one crane out four five 

London alleged that cranes not pay interest upon their 
cost, but the ship owners insist that the dock owners have them and 
not use them, except perhaps for small part cargo. 

possible that the crane idea survival from the days 
ships, when they were first introduced and were 
quired; next they were copied other places, and sheer inertia 
dock owners persist having them. The people the United States 
are quick seize and appropriate good idea, and the fact the 
non-use compels strong belief that the appliances used—- 
the ships’ tackle and the stevedores’ hoists—are ample. has been 
asserted that difference the nature the business done the 
different countries responsible for the general use cranes abroad; 
but this does not appear reasonable view the matter. 

The writer does not wish give the impression that cranes are not 
useful; the contrary, believes that partial adoption the plan 
the United States—to the extent, least, having wharf cranes 
which would serve lift anything excess the 
ship’s tackle—might prove useful. 

Liverpool many cranes are supported upon the top the ware- 
house front wall and rail upon the peak the roof. This very 
excellent disposition, because the crane always out the way. 


Dock 

There and has been much trouble many ports Europe 
from labor strikes, and, upon the whole, these are probably worse than 
any that have happened America. 

difficult for stranger form accurate estimate this 
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subject, because hears various versions the cause and nature 
the trouble. 

The writer questioned the officials the ports visited, and, 
check, obtained the views the marine underwriters and sometimes 
the Jesuit Fathers, who are usually position estimate the 
troubles impartially. The general unrest appears have below 
raising the standards living, for the cost living and the wants 


the laborer have increased faster than his wages. the 


side, the employers assert that, view the serious competition be- 
tween ports, small amount extra cost will cause diversion 
business, therefore they oppose increase wages. 

The nature the work irregular, there are periods great 
activity followed lessened opportunity for work. Genoa has been 
greatly troubled the past strikes, and the present port governing 
board, which closely modelled the lines the Liverpool Dock 
Trust, has assumed that has the power settle such questions 
creating permanent force laborers who perform any sort service, 
from discharging cargo road making, required. The board takes 
extra men for short periods cover emergency cases. The laborers 
receive less pay than men engaged private employers, and said 
that, account strong union organization, they less work. 
The outside criticism was, that the laborers practically dictated hours 
and terms the dock board. The experiment interesting one, 
and its outcome will matter interest. 

During the writer’s visit, mild strike was progress Havre, 
and Antwerp severe one which required the importation some 
2000 English strike breakers, who, for their protection from assault, 
were housed vessels the harbor. August the strike culminated 
burning the timber yards and required calling out the troops 
order save the city from fire and quell the rioters. 

the writer, the wages seemed too low, but unless concerted 
action were taken all the competing ports, would difficult 
effect raise. does not appear that the form government has 
any very decided influence upon strikes violence arising therefrom. 
The striker usually voter, and some one authority may need 
his vote. About the only safe deduction that can made that 
small aggressive minority comes pretty near getting all desires. 
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The following average data concerning foreign ports, compiled 
from paper,* entitled “Results Investigation Into Cost Ports 
and Their Operation,” Mr. Elmer Corthell, and corrected the 
writer few particulars, presents summarized form informa- 
tion considerable interest: 

The ports included are London, Liverpool and Birkenhead, Glas- 
gow, Bristol, Hamburg, Rotterdam, Havre, Dunkirk, Bilbao, Ant- 
werp, Bremen and Bremerhaven, the Tyne Ports, Marseilles, Amster- 
dam, Lisbon, Bombay, and Buenos Ayres. 


Total cost port improvements 1906............... $764 388 000 
Registered tonnage, entered and cleared one year 
(about 1905-1906) 


Goods dealt with one year, 1905-1906, long tons 

Gross revenue one year (about 1905-1906)........... 206 000 
Gross revenue per registered ton 
Gross revenue per long ton 
Approximate length rail, 930 
Length rail divided length quayage............ 4.11 
Ratio area sheds quayage (44 sq. ft. 

Average weight goods dealt with per year per linear 

Percentage gross income capital cost............. 7.615% 


One crane each 283 ft. quay wall. 


GENERAL REFLECTIONS COMMERCE. 


The greatest factors to-day the material and moral development 
the world are transportation and commerce. their agency, people 
and their products are moved from region lesser one 
greater use and demand. They are the greatest all the civilizing 


Proceedings Permanent International Navigation Congresses, Brussels, 1907. 
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agencies, because they promote exchange thought well 
commodities. 

The growth modern commerce closely interwoven with the 
development the steam engine, railways, and electricity. 
question power and its applications, and its present enormous di- 
mension largely the work the engineer. Its growth has been 
phenomenal, and ever far more rapid its rate 
inerease than that population, which means increased wants upon 
the part the people, and increased ability buy and enjoy. Its 
future question great philosophical interest; but, until the people 
the world are raised the general level intelligence the more 
favored nations, reasonable believe that its march will continue. 
and that day far distant that does not immediately concern the 
present age. Until then, the signs point ever-increasing scope 
the funetions the engineer. 


> 
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THE FLOOD MARCH, 1907, 
THE SACRAMENTO AND SAN JOAQUIN RIVER 
BASINS, 


extremely valuable contribution, and presents the main facts the 
flood with great clearness. The opening statement, that was one 
the most destructive floods that has ever occurred California, while 
probably correct financial sense (and due the fact that there 
was more property damaged than previous floods), implies that 
was about the greatest flood The authors say: 


“Tt doubtful any combination causes conditions will 
ever produce larger rate delivery water this valley for 
4-day period than during the flood March, 1907.” 


The writer believes that would unsafe this statement 
basis for planning reclamation and flood prevention, unless 
qualified large factor safety. generally believed that the 
flood 1862 was greater volume water discharged into the basins 
and bay. 1890 the writer, while engaged upon plans for the 

Dam the Tuolumne River, found well-preserved record 
the 1862 flood near the present dam and ft. above the bed the 
stream. The record was the shape rounded pieces wood and 
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bark, fir, pine, tamarack, and juniper, showing that these pieces came Mr. 


from the higher regions. They were found talus loose 
rock, and were doubtless carried into the void spaces eddies and 
lodged there. Almost opposite, and across the river, similar deposit 
was found, and almost the same level. This led search along 
the river gorge above, where several similar records were found. Levels 
were taken, and connected with several cross-sections, and these, com- 
bined with the known high water Grange, about mile below the 
dam, where the channel wider and more regular, led the conclusion 
that the maximum discharge was 130000 cu. ft. per sec. This was 
based the slope and Kutter’s formula 0.040), and the dam was 
planned able discharge that volume over it; this corresponds 
run-off 86.7 cu. ft. per sec. per sq. mile. 

1895 the writer found similar record the middle fork the 
American River near Voleanoville, from which, the same methods, 
run-off greater than 100 cu. ft. per sec. per sq. mile was deduced. 
(The original notes both the foregoing records were destroyed the 
San Francisco fire, two years ago.) have appeared print 
which the flood flow was given for the whole basin the American 
River 250000 cu. ft. per and even more. The record given 
above, applied the whole water-shed above Fair Oaks, would give 
discharge about double the authors’ 000 cu. ft. per sec. 

While may true that flow 782000 cu. ft. per sec. for 
days may not exceeded, there are two points considered. The 
flow from the San Joaquin region might occur 1862, and 
combination with 1907 flood the Sacramento, which ease the 
quantity would greatly exceeded. Again, suppose the rivers were 
leveed accordance with the plans the Engineering Commission 
1904, would not require days’ sustained flood overtop the 
levees, and the probabilities are always favor the shorter but 
perhaps more intense run-off. 

There average difference month the melting the 
snow upon the Columbia and Snake water-sheds, yet 1900 melted 
each the same time, with the result backing the Willamette 
and flooding Portland depth several feet. This flood was sus- 
tained for more than two weeks. 

The writer concurs the conclusions the authors, that relief 
from damage floods must sought storage relieve the peak 
the discharge. Storage débris equally important, the bed 
the stream and navigation interests are preserved, and future 
studies should upon the lines both water and débris 
storage. 

the writer’s belief that this can best accomplished loose- 
rock dams, backed with earth and waste the up-stream face and 
with the down-stream face secured the mass suitable anchors, 


Mr. Wads- 
worth. 


Mr. Wagoner. 
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allow the passage floods over the crest. the unfinished dam 
during construction. When completed there would ample spill- 
way around the dam, that could never overtopped. Such dams 
would have great height, from 400 500 ft., even greater, 
because they would usually located in-gorges, and might require 
from 300 400 ft. permanent elevation create sufficient reser- 
voir area, after which the increase storage would rapid. The only 
serious objection such type the cost, but can shown that 
the end would economical, because the desired regulation could 
thus obtained (and, incidentally, the storage débris), well 
power and irrigation. 

beginning recognized that the proper treatment this 
subject serious matter, and that the cost may reach $100 000 000 
more. From the analysis presented the paper, appears that 
there should storage about 000 000 acre-ft. order give the 
required relief the Sacramento water-shed alone. Such storage could 
valued follows: (a) Relief peak load and flood prevention; 
(b) storage débris; (c) preservation the channel the river; (d) 
irrigation; and (e) power. When all these possible uses are admitted 
and properly valued, can readily seen that high cost per acre- 
foot storage permissible. 


astrous the agricultural interests large area, and all the 
transportation lines the valley, some respects may said that 
this flood very opportune time. The reclamation the 
overflowed lands the Sacramento and San Joaquin Valley has 
become subject vital importance the future development 
California, and the newly-awakened interest the improvement the 
navigation these streams, and the movement toward the proper 
the various interests affected the flow the streams, 
from their sources the mountains their discharge through the 
Golden Gate, make the new standard set this flood great im- 
portance. 

The country congratulated that the Geological Survey had 
sufficient number gauging stations established obtain many 
data regard the flood; and the authors are complimented 
having presented them promptly such shape practical 
use, and show the magnitude the problems involved. 

press work, connection with surveys looking the regula- 
tion and improvement these rivers, prevents the writer from discuss- 
ing this time more than one two several points questions 
which have occurred him, and these only very briefly. 

stated the authors, previous estimates flood flow the 
River have been greatly exceeded during this flood. 
the ease the Yuba River, the maximum flow which has been assumed 
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since the inception the project for restraining débris the bed Mr. Wads- 
the stream, and which was used designing the several works forming 
part the project, cu. ft. per sec., 25% excess the 
maximum observed flow the gauging station the Geological Sur- 

vey. Before the failure the dam, known “The Barrier,” this 
served weir for measuring the flow the river, though 

its coefficient was very uncertain after became backed with tail- 

ings its The high-water marks left the river during the 

night when the failure indicated that the assumed maximum 

was nearly not quite reached. Based observations and estimates 

flow this point and few points mountain streams 

the drainage from comparatively small areas, Table was prepared 

the writer guide determining the required gapacities spill- 

ways canals flood water around away from 

for the storage mining tailings. 


EET PER SECOND. PER SECOND. 
DRAINAGE 
Areas below Areas above MILEs. Areas below Areas above 
— elevation elevation || elevation elevation 
ft. 000 ft. 000 ft. 000 ft. 
1 544 408 | 40 | 8 650 | 6 490 
3 { 1 240 930 1 60 11 700 8 800 
4 1 540 1 150 | vi 18 200 9 860 
5 1 820 1 360 | 80 14 500 10 900 
6 2 090 1 560 | 90 15 900 11 900 
10 8 060 2 290 \| 400 48 700 


Table applicable drainage areas the character the 
and Yuba Rivers, and such portions other drainage areas 
not contain broad flat valleys. course, would not apply 
portions the Feather River drainage area, containing the Sierra, 
Indian Valleys, Big Meadows. 

Considering for moment the effect mining débris floods, 
should borne mind that only the Yuba River likely that 
the flood plane will continue rise materially owing this cause. 
The beds the American, Bear and Feather Rivers (Feather above 
the mouth the Yuba) have reached near state equilibrium 
for streams flowing through alluvial formations. The 
curtailment and regulation hydraulic mining has largely stopped 
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Mr. Wads- the accumulation tailings the torrential tributaries the Yuba, 


worth. 


Mr. Dillman. 


and many the canyons these tributaries, which few years ago 
were filled with tailings depth from ft., have been 
scoured out bed-rock. Below the gauging station the Geological 
Survey, The Narrows the Yuba River, there vast deposit 
mining tailings standing slopes which succeeding floods will con- 
tinue readjust; but any further extensive rise the flood plane 
Marysville does not seem probable. 

connection with the subject partial control the flood flow 
the Sacramento River reservoirs, interesting note that the 
total five flood basins the Sacramento Valley, com- 
puted the authors, amounts acre-ft., and that the effect 
these basins was delay the arrival the flood crest Rio Vista 
about days. Had there been levees sufficient confine the river 
the how much higher stage would have been reached this 
point 

the storage reservoirs located and surveyed the United States 
Reclamation Service, the total estimated capacity 4817000 
about 000 that all the Sacramento Valley 
flood basins. The latter are much more likely empty, least 
have considerable capacity for the storage flood waters when 
flood than are the former, since, owing the uncertainty 
further large run-off before the dry season, would jeopardize the 
agricultural interests dependent upon irrigation leave these reser- 
voirs nearly empty until after the middle The worst flood 
the season likely occur after that time, was the case with the 
flood 1907. the other hand, flood may occur, has been the 
during the season 1908. 

whatever way the ordinary floods may effected, 
will very likely found that: 

“The task rectification and enlargement channel necessary 
pass such floods that March, 1907, great make 
economically impossible.” 

sion expressed this paper that mountain storage will the ulti 
mate solution the flood problem the Sacramento Valley. With 
this, the writer would take issue. here states that the storage 
inefficient, insufficient, and temporary. These hard names 
not all apply each case, but some them apply each 
and all few them. 

The reservoirs mentioned, except Big Meadows and Clear 
(which will built private corporations for power purposes). 
should never built for flood regulation. The reasons are various. 
Some these reservoirs are located where their water 
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diminish rapidly filling with débris, ultimately reaching This Mr. Dillman. 


applies specially the Stony and Putah Creek Reservoirs, and also 
Iron 

Some these proposed would flood lands which are too 
valuable buy for such purposes. This specially true Indian 
Valley, where the lands which would flooded are the finest kind 
dairy lands, and three small towns, with improvements which 
would make the cost great. From irrigation standpoint, this 
storage not needed, and would destroy more agricultural land than 
would reclaim, less the cost reclamation. 

The Big Valley Reservoir—two-thirds all the storage proposed— 
would fed arid country. doubt, its capacity compared 
with its cost quite favorable, but some water should allowed 
pass users between Bieber and Fall River. The evaporation would 
large, and would probably take several years fill it. The 
authors’ figures show that the days’ abnormal flood would fill 
it, all was stored. During part every year, the inflow would not 
equal the evaporation. 

There reason, from irrigation standpoint, for making the 
Feather River storages. Feather River not much used for irriga- 
tion, reason expensive diversion. low stages there water 
without storage for any who will divert it; and there are adverse 
claimants for it. 

These storages are precarious. The high-water mark for years 
the East Branch the Feather was made the failure small 
dam above Indian Valley. The flood 1907 caused the failure 
dam the Yuba, when the waters flooded large areas, some going 
south and breaking across Bear River, finally reaching American 
Basin. The possible damage the failure reservoir dam top 

The paper assumes the removal water from the crest flood. 
This would hardly the fact. This flood’s crest came after weeks 
flood, and fully supposable that the reservoirs would have been 
filled and held full long before the time had arrived for such bene- 
ficial effects. The location these reservoirs averages more than 100 
miles from the seat damage. What man wise enough, during 
period such storm and flood, say when the psychological 
arrives for closing gates and making storage? 

Taking from Table the volume available for storage, the 
the reservoirs, the total storage for this flood would have 
been 931300 acre-ft. The side basin capacity given 
acre-ft., more than four times the mountain storage. This basin 
storage, like the mountain storage, would largely made prior the 
crest the flood, but there another factor. about the time when 
the erest flood oceurs, side levees break. 1904, the Edwards 
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Mr. Dillman. break, the east bank the Sacramento, and 1907, the Kripp 


break, the west bank, gave great relief, far flood heights 
the lower river go. The first poured into the Sacramento Basin and 
discharged into the San Joaquin through the Mokelumne. The second 
poured into the Yolo Basin and discharged into the Sacramento 
through Cache Slough. These side basins are not only storage reser- 
voirs, but are great by-passes, through which flows volume sometimes 
greater than the main stream. flood times Yolo Basin stream 
miles wide, flowing rapidly. The basin relief from flow more 
than storage. hand, and acts automatically the right time. 

Years ago, avalanche débris from hydraulic mining started 
toward the valley. Mining has stopped, but the débris still coming. 
Diversion waters, whether natural assisted, lessens the current, 
deposits débris, and raises the beds streams. This silt 
problem cannot divorced from the flood problem. rule, the 
stream beds are rising, that the same volume water reaches 
height increasing with time. 

From all the foregoing would seem that mountain storage not 
advisable for flood control. The valley problem complicated one, 
the protection lands, the navigation streams, the drain- 
age flood water, and the care the débris. Different solutions 
have been proposed. 

The State Board Works, about 1890, proposed elaborate sys- 
tem by-passes valley. This never met general approval. 
Such installation would increase silt deposit the streams, raise 
the flood and ground-water planes, and increase the area affected 
floods. The ultimate effects would detrimental agriculture, navi- 
gation, and flood conditions. 

1905, Board Engineers recommended plan based con- 
centration, instead diversion, waters. The plan met general ap- 
proval method. The cost, however, was great, though the 
agricultural land reclaimed would have been worth several times the 
outlay. The interests are many and divided, each wanting 
benefit out proportion the outlay, that action has resulted. 

seemed once that the débris problem might divorced from the 
others series débris barrier dams. The failure the first one, 
the Yuba, settled otherwise. 

The mountain storage solution has been brought from time 
time, but has never stood close analysis. obviate the floods pre- 
venting them, sounds all right until the illusion dispelled the 
cost, and the amount storage compared with the flood volume. The 
valley must take care the floods. They will come. Mountain stor- 
age increases the risk, with very small compensation possible re- 
sults. 

rational solution lies adequate waterways, made and main- 
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tained combination dredging and levees. plans this end Mr. Dillman. 


could adopted, and all future work obliged them, 
the end would reached time, without enormous initial outlay. 
the plan was executed, cross and other auxiliary levees could 
gradually abandoned they became useless. levees could 
strengthened annually dredging, reclamation decreased the basin 
effect floods. The levees would protect agriculture and confine the 
waters. Dredging would lessen the necessary height levees, furnish 
material for them, and assist the débris problem. The necessary 
height levees, and the depths and widths channels are the main 
questions. Rectification alignment and foundations are important 
auxiliaries. far the Sacramento concerned, débris has largely 
solved the foundation problem. The unstable peat bogs have been 
silted up, and now sustain enormous levees Grand Island and else- 
where. The San Joaquin foundations are more serious problems, be- 
cause the silt deposited long before the waters reach the delta. 
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ERECTION THE BELLOWS FALLS 
ARCH BRIDGE. 


engineering work which designed and built conservatively, thor- 
oughly, slowly, and deliberately, sometimes even ponderously. Every- 
thing done with great care and forethought, and with perfect ap- 
paratus. All the appliances are complete, and the entire construction 
worked out the most minute, most solid, and most monumental 
manner. 

There doubt that such works are great engineering triumphs, 
but, achieving them, the engineer often deviates very little from 
established precedent, even though the construction larger 
seale than usual, and the speaker thinks that such construction does 
not lead professional progress, least great extent 
desirable. 

All admire the great Forth Bridge, with its unprecedented span, 
but its weight and cost were great, and took long time build. 
This true many other engineering works. The speaker has 
mind illustration, doubtless quite familiar many, showing that 
extremely careful and costly engineering constructions are sometimes 
inadvisable, and the use more rapid, more daring and original 
methods, work can executed which might otherwise fail. 

New York City, not very long ago, there was important piece 
engineering work, which, before completion, radical repairs 
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MAY, 1908. 
SKINNER 
ARCH BRIDGE ERECTION. 


THE EADS BRIDGE. 


Fic. 2.—ERECTION THE WASHINGTON BRIDGE. 
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changes were found necessary. estimate was obtained, from Mr. Skinner. 


engineer eminent that particular class work, which involved 
the expenditure somewhat more than $1000000. Eventually, the 
changes were effected for $100000, entirely different method, 
devised member this Society. This method was considered 
daring and impracticable until the contrary was demonstrated its 
unqualified success. Therefore, considering the greatest 
humanity, the greatest advances seem made by, and the greatest 
praise due to, the engineer who accomplishes the best results, with 
the least money, with the greatest safety, and the quickest time. 

Judged that standard, and the results obtained, the designers 
and the Bellows Falls Arch Bridge rank very high 
bridge building. 

This span 540 ft., with its substructure, cost only $46.000, 
less than $3.50 per square foot floor. Such result unprecedented 
for such long span. The erection time also unprecedented, for 
required only working days. Europe year two would gen- 
erally taken building structure that kind. 

There are several features the design this arch which com- 
mend themselves every bridge engineer. Among them, the scheme 
making the crown connection with plates proved very happy de- 
vice, not usual ordinary practice. The construction the crown 
panel, too, advantageous. 

regretted that the author did not give the details the 
members and connections, and hoped that may yet present 
paper which will deal with these features. 

the erection the Bellows Falls Arch, happy mean was es- 
tablished between self-sustaining structure and mass falsework 
giving economical amount temporary support, and the re- 
sult abundantly justified the means. 

Another feature the erection this its exemplifica- 
tion the fast growing tendency utilize the great advantages 
steel derrick booms over other apparatus for handling heavy steel mem- 
bers. These booms were ft. long, but Mr. Rights, were repeat- 
ing the work to-day, might use 100-ft. booms, has other recent 
erections. 

The Bellows Falls work was admirably designed, and served its 
purpose thoroughly well. The highest compliment that can paid 
the bridge compare with some the notable bridges similar 
type; because the methods used their erection will show the ex- 
this one much more effectively than any assertions. 

The following description covers fairly well the erection features 
all the large arch spans which have been built: 

The famous Eads Bridge—“the Father three 
spans, two 537 ft. and one 552 ft., which were noted being 
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Mr. Skinner. the longest railroad spans, and for very long time remained the 


longest arches. They were made with four ribs trusses with steel- 
stave chords in. diameter, and were erected the balanced, 
guyed, cantilever system. The trusses adjacent spans were built 
out simultaneously from the piers, and were supported elaborate 
system guys back-stays reaching from the successively erected 
panel points the trusses back the tops pairs falsework 
towers the piers. 

Each tower was pyramidal skeleton, ft. high, with 
24-in. oak mast, 12-in. batter legs, and 24-in. oak sills set 
special jacks. The skewbacks were tied together hori- 
zontal anchors through the piers, which made them self-sustaining for 
about one-quarter length, beyond which the two middle trusses were 
supported eye-bar guys with sleeve-nut adjustments provided with 
very elaborate falsework supports, set top the trusses diminish 
the deflection. The center panel connections were made using the 
guy adjustments and the operation the jacks under the towers, 
which moved the latter vertically in. Both these means together, 
however, were not adequate provide for extreme temperature varia- 
tions, and there was great difficulty making some the connections. 
The chords were packed ice, and special sections were fit the 
last panels. 

the shore spans special anchorages had provided secure 
the ends the back-stays. One them was made with castings 
shaft excavated ft. solid rock, and the other with horizontal 
oak girder, ft. square, engaging quadruple row 12-in. 
sheet-piles driven sand the bottom deep excavation. All 
four ribs each span were built simultaneously for the first three- 
elevenths their length, after which, work the outer ones was sus- 
pended until the center ones were completed. These then served 
platforms from which the remaining outer ones were erected. The 
materials were put place hand-power traveler, advanced 
rack and pinion, and equipped with four derrick booms. The maxi- 
mum clear height above high water ft. in., and the cost, in- 
cluding that the difficult substructure and approaches, was about 
$10 000 000. 

Fig. Plate valued for its associations. 
shows the Niagara gorge with the three great types long- 
span bridges, all built without falsework. the foreground may 
seen portions the original railroad suspension bridge 800 ft. 
span, with steel stiffening trusses which replaced the original trusses 
wood and iron some years after the construction the 
bridge. the background the second cantilever built America, 
the famous work Schneider, Past-President, Am. Soc. 
Partly completed, and the same plane the suspension bridge, 
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the double-deck, 550-ft., spandrel-braced, arch span, designed Mr. Skinner. 


Buck, Am. Soe. This arch was also built the guyed 
cantilever system. The trusses were assembled entirely small over- 
head steel gantry travelers, which ran the new top chords, outside 
the old suspension bridge, and allowed the maintained 
both tracks the latter while the new bridge was being built. 

The adjustments for the connection the center panel were made 
slightly revolving the semi-arch trusses about their skewback pins 
using toggle inserted chain connecting top chord with 
temporary anchorage bedded concrete chambers ex- 
cavated for the purpose the solid rock. The anchor chains were 
made with eye-bars proportioned for stresses 1000000 Ib. per truss, 
and were connected parallelograms eye-bars with vertical serew 
diagonals operated sixteen men capstan-head, thus raising 
lewering the span, required. 

The construction the railroad arch was soon followed that 
another arch, for highway traffic, just below the Falls. has 
span 840 ft., about 200 ft. above the water, and was built very 
much the same manner, but, there was horizontal top chord 
form part the anchorage, the guys for the semi-trusses 
were lines eye-bars attached alternate panel points the top 
chords fast they out. These were adjusted the 
same toggle which had been used the railroad arch. 

This bridge was also built the plane existing suspension 
bridge, but this the old structure was used for the support 
the very light travelers which handled the members for the arch trusses, 
and none them weighed more than tons, the load imposed 
the old bridge was very small. The toggles were only required 
lower the semi-arches, and this they accomplished with 
twenty men each. The bridge weighs and was erected 
100 men about months. 

The Washington Highway Bridge across the Harlem River, New 
York City, has two 510-ft. main spans, each with six two-hinged plate- 
girder arch ribs ft. rise and 133 ft. clear height above high water. 
The ribs have uniform depth ft., and the flanges are curved 
parabolic ares and support transverse bents, ft. apart, 
the floor platform. The spans were erected framed-trestle false- 
work piles, and materials were delivered from service track the 
skewback level, parallel the bridge axis, the erection travelers 
the top flanges the arch ribs. The travelers consisted pairs 
adjustable stiff-leg derricks which erected the six ribs simultaneously 
from both skewbacks the crown and then moved back the ends 
the span the permanent floor which they erected advance. The 
channel span falsework had inclined bents providing 80-ft. center 
opening for navigation. The ribs were swung jack-screws each 
falsework bent. Each span weighs about tons. 


Mr. Skinner. 


DISCUSSION ERECTION ARCH BRIDGE Papers. 


The Victoria Bridge, across the Zambesi River, Africa, 
double-track railroad structure with two-hinged spandrel-braced arch 
trusses 500 ft. span, 400 ft. above the water. The connections are 
riveted, but, for erection, were provided with 2-in. auxiliary pins. The 
trusses are battered planes, are 105 ft. deep the skewbacks, and 
ft. deep the crown. Half the 1650 tons steel the bridge 
was carried across the gorge cableway tons capacity, with 
mechanism and adjustable shear-leg tower. line carried 
across the gorge rocket was the first step the erection the 
cableway. 

The arch trusses were erected, manner similar that used 
the Niagara Railroad Arch, ancliored cantilevers, fulerumed 
their skewback bearings, and the reactions were provided for 
multiple anchor cables carried through U-shaped inclined tunnels 
the solid rock, and adjusted nuts and screws. 

The erection travelers were simple platforms, moving the hori- 
zontal top chords, and provided with 30-ft. derrick booms. receive 
the last chord section, the center panel opening the top chord was 
adjusted jacks, and the last bearing was made with 
planed shim plates. safety net was first swung under the travelers 
protect the workmen, but was found make them nervous. Con- 
trary American practice, the bridge was completely assembled 
sections, the shops England where was fabricated, thus in- 
volving considerable extra expense. The trusses were erected about 
months. 

The double-track, Miingsten, Kaiser Wilhelm Bridge, across the 
Wupper River, Prussia, 350 ft. high, and has clear span 525 
ft. The riveted trusses are battered 1:7, and were built guyed 
after the completion the skewback towers erected 
elaborate and heavy falsework, and the construction the approach 
spans, erected falsework trusses. These were assembled the 
surface the ground and hoisted bodily position top the 
permanent viaduct towers, proceeding which might apparently have 
been well applied the permanent spans, even the towers might 
have served their own falsework. 

Both trusses and high-level roadway trusses, supported 
spandrel posts the arches, were erected simultaneously canti- 
levers. Materials were delivered “low-level” service track 
falsework bridge, about the skewback level, high above the surface 
the water. The cable guys were adjusted rams, and 
hydraulic rams were inserted the crown panel release the lower 
chord skewback wedges which had been inserted compensate for 
deflection. The crown joint was riveted, and then the final stresses 
were adjusted jacks the skewbacks. The bridge weighs 
622 tons, cost and was erected months. 

The single-track Garabit Viaduct, France, has one two-hinged, 
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Mr. Skinner. arch span, 406 ft. high, with riveted trusses having great rise 


and spandrel towers which support the roadway trusses 
about 125 ft. span. The skewback and viaduct towers were first 
erected, and then the approach spans were erected shore, both 
ends the bridge, and launched forward protrusion over the tops 
the towers until they projected some distance beyond the arch abut- 
ments. Locomotive derricks were installed them, and cableway 
was set with its towers top the skewback towers. 

With these tools, the arch members, delivered low-level serv- 
ice bridge 100 ft. above the water, were erected, the two end panels 
each side being assembled falsework, while the remainder was built 
out simultaneously from each abutment cantilevers, guyed the 
tops the towers steel cables. The other roadway spans were 
erected simultaneously cantilevers. The erection lasted about 
years. 

The four 200-ft. spans the electric car bridge across the Schuyl- 
kill River, Fairmount Park, Philadelphia, each have three spandrel- 
braced riveted trusses, and were erected with the lower chords sup- 
ported pile falsework. Materials were delivered track laid 
the bridge floor, and were handled wooden gantry traveler, 
ft. high, with 23-ft. overhang. 

The Rochester Driving Park highway bridge across the Genesec 
River, has two three-hinged, spandrel-braced arch trusses 428 ft. 
span which were erected unusually heavy framed falsework more 
than 212 ft. high, with wide trussed opening over the river. The 
truss members, having maximum weight tons, were assembled 
30-ft. wooden tower traveler, ft. high, with derrick 
boom each corner. The falsework was notable for its great strength 
and rigidity, equal many permanent wooden trestle viaducts for 
railroad service. 

The longest arch span Europe that the Bonn Bridge, 614 

t., which was erected 8-ton electric gantries 7-story falsework, 
112 ft. high, with two trussed openings 102 ft. for navigation. 
Upper falsework, long since obsolete America, was built above the 
bottom chords provide horizontal track the top chord 
level for the two 8-ton electric gantries which materials were hoisted 
from boats and erected. The arch span the Dusseldorf 
Bridge was erected similar manner, its falsework being provided 
with 164-ft. trussed opening for navigation. 

The Lake Street highway bridge, across the Mississippi River 
Minneapolis, has two 458-ft. spandrel-braced arch spans. These were 
erected falsework 120 ft. high, the piles having been driven through 
the ice. The falsework terminated the curved lower chord, and the 
superstructure was erected overhead timber tower traveler with 
hoisting tackles suspended from overhang, which traveled the 
finished deck the bridge. This method necessitated the unusual 
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Mr. Skinner. procedure erecting the arch trusses from one abutment across the 


entire span the other abutment and making the final connection 
near the skewback pin. This was accomplished successfully, and 
without difficulty adjusting the last panel members. During erec- 
tion, the unbalanced longitudinal thrust, due unsymmetrical loading 
the falsework, was provided for very heavy inclined timbers 
bracing the falsework bents diagonally from top bottom. 

The span the Kornhaus Bridge, Switzerland, was 
erected high and very expensive falsework supporting the arched 
lower chords solid convex plank floor platform, like the lagging 
for masonry arch, above which upper falsework was built for the 
erection the horizontal roadway trusses supported 
towers, and for light gantry traveler and material tracks outside the 
arch trusses. 

The Panther Hollow Bridge, Schenley Park, Pittsburg, has one 
span with four 360-ft., three-hinged spandrel-braced arch trusses. One 
peculiarity this erection was that the trusses were erected from one 
abutment the crown before the falsework for the other half the 
span was built. Field connections were made with small pins panel 
points, and, after the arch was swung and these connections had ad- 
justed themselves the dead-load stresses, the joints were all field- 
riveted, the assumption that the rivets would carry the live-load 
stresses the bridge service. 

One the most elaborate arch span erections was that the 
Alexander III Bridge across the Seine, Paris, which has fifteen cast- 
steel segmental ribs very flat During erection these were 
suspended from movable overhead falsework span, mounted towers 
traveling transversely the bridge axis. The falsework span was as- 
sembled shore and erected protrusion across the river, with 
auxiliary scow under the forward end. The span was 
traversed pair trolleys which took the arch segments from shore 
and sustained them until they were assembled the preceding ones 
and were supported temporary suspension from the trusses. After 
pair ribs was thus erected, the pair was swung 
slacking off the suspension, and the traveler moved two panels forward 
and erected the next pair, and on. 

These examples illustrate the principal types long-span arch 
erection, and describe most the principal structures thus far built, 
giving general idea their structural characteristics and the 
time and cost erection. Only two three them have spans ex- 
that the Bellows Falls Bridge, and certainly none them 
was erected with anything like its economy, with small force 
men, short time days. These figures and the total 
cost, with those the other bridges, pay higher tribute 


the skill and courage the designer and erector than any mere 
compliment admiring criticism. 
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Discussion.* 


Cain, Am. Soc. (by considering the Mr. Cain. 
merits any new column formula, well “take stock” what 
have that sound and useful, and particularly compare, side 
side, correct theory with experimental data. 

The “ideal prismatic, homogeneous column, without 
initial stress, having the resultant load applied one end, the 
direction the straight axis, passing the centers gravity 
the Although there are ideal columns practice, 
the theory pertaining them absolutely essential order under- 
stand fully the behavior actual columns, those which are not 
straight, not homogeneous material, strength, modulus, limit 
elasticity, and perhaps with initial stress, besides applica- 
tion the load. 

Two diagrams, Figs. and 24, are submitted; these are repro- 
writer’s paper,t “Theory the Ideal Column.” these diagrams, 
showing the results Tetmajer’s tests columns, both wrought 
iron and steel, the ends being pivoted, three curves are drawn. The 
upper curve, partly dotted, drawn from Euler’s formula, the full 
line from Mr. Marston’s formula, given the figure, and the re- 


maining dotted curve from the parabolic formula the late 
Johnson, Am. Soe. 


Continued from March, 1908, Proceedings. 
Transactions, Am. E., Vol. pp. 109 and 111. 
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Euler’s formula supposed that the column “ideal” and 
that the load applied without eccentricity. 


First, with regard Euler’s formula: has been shown the 
> 


writer that when the average unit stress given Euler’s 


formula, greater than the elastic limit, the formula inapplica- 
> 


a 


greater values than when the formula gives the load 


which bending just begins. Further, for very small propor- 
tionate increase the load, the column will fail from the stresses due 
the considerable bending and the uniform compression. 
numerical illustration, column, pivoted the ends, 325 in. long, 
was assumed built two 5-in. channels. The inch being the 
unit, 3.9, 14.8, and 29000000 lb. per sq. in. 
formula gives the load that causes incipient bending 40105 
was computed, exact formula, that increase the load 
only caused deflection 3.44 in. the center, with resultant 
stress the most compressed fiber, greater than the elastic limit. 
Finally, increase load lb. more would entail rupture, 
breaking two the column. 

sometimes said that load, given Euler’s formula, only 
bending, and that, the derivation the formula, the uni- 
form compression neglected. the writer’s analysis, the uniform 
compression was considered from the start; also, the example shows 
that Euler’s formula practically formula for rupture, since few 
pounds added the load (40105 lb.) computed from it, leads 
rupture. 

admitted that Euler’s formula has limited application, but 
means useless the practical man who has erect poles 
constructions, build derricks, ete. 

very important theorem follows from the foregoing: that for 
ideal columns, too short for Euler’s formula apply, bending will 
occur, and the stress will the same, and uniformly distributed, 
every cross-section, the elastic limit not being exceeded. similar 
statement may made reference long columns, which 
formula applicable, when the load anything less than the formula 
gives. these cases, the ideal column remains straight; there 
bending stress and shear. 

Next, consider the load, the ideal column, placed 
distance, from the axis the column. The resulting formula 
given Figs. and 24. This formula theoretically exact. it, 
cross-section, about axis through its center gravity, perpendicu- 
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lar the plane bending, and the distance from this axis Mr. Cain. 
the most compressed fiber. 


apply this formula the actual column, Mr. Marston assumed, 
for wrought iron, 0.07, and for steel, 0.06. 

Now, true, pointed out the writer’s paper (quoted pre- 
viously), that when taken constant, the ratio the ec- 


centricity, the width column, varies considerably for different 
shapes; but when considered that the eccentricity assumed for 
the actual column has allow rough way for crookedness, lack 
homogeneity every kind, bad workmanship, initial stress, 
well the actual eccentricity experienced, the objection loses much 
its weight. practice, too, the line force may inclined to, 
actually cross, the axis; that the abnormalities which the actual 
column subjected are manifold and various that seems hope- 
less deal with them all under the one head eccentricity. The 
proof, however, the results. Mr. Marston’s curves take middle 
course through the whole set plotted values for the wrought-iron 
columns, and nearly for the steel columns. Here seen practical 
method dealing with truly rational formula, give practical re- 
sults for actual columns. such definite conclusions have been 
noted thus far can reached simple observation thousands 
tests. 

may remarked, that the full curve Figs. and prac- 
tically with that corresponding formula for 


225, about, should the case. 


Now, although the theoretical curves fit the experiments well, 
the parabolic curves are just good for practical results, far 
they extend; then Euler’s formula curve can used for greater 


values 


brief reference will now made another rational formula, 
first given the writer, July, 1887,* and derived 120 

P 


this formula, and have the meaning previously given; 
the total fiber unit stress the side the column 
mid-length. The column, length pivoted the ends. 

The only approximation used deriving this formula was as- 
suming the neutral axis parabolic. The late Professor 


Journal, Franklin Institute. 
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Johnson derived similar formula “Modern Framed Structures.” 

the preceding case, apply this formula the 


actual column, will have taken constant. Unfortunately, 
7 


find the value for given column, quadratic must solved; 


hence the formula was not easily adaptable computation and, con- 
sequently, was laid aside. 
Rankine’s formula, which the form, 
sometimes spoken rational formula for the actual column, 
may well consider briefly.* 
this formula does not suppose the load applied eccen- 
trically, but does suppose bending, the latter must come from crooked- 


2 


ness lack homogeneity; for, has been seen, for values 


less than pertain Euler’s formula, there can bending for 
the ideal column, and for just such lengths that Rankine’s formula 
has been mainly used. Comparing with the preceding formula 


the side, due flexure only. fact, the derivation 
Rankine’s formula, the assumption made, that the deflection varies 
2 


whereas the very theory beams which reference made, 


shows that must here replaced the maximum unit stress 
form formula. 

The Rankine formula thus irrational, and surprising that 
should still used such problems as, for given column and 
assumed load, compute assumed the total maximum fiber 
stress. Mr. Marston’s formula, replacing should used 
such problems. Rankine’s formula can made fit the tests 
very well, has been used extensively; but must relegated the 
class empirical formulas, like the parabolic, that fit the tests equally 
well and are more convenient use. 

The writer was very much impressed with the straight-line for- 


*This part the subject was discussed thoroughly Prichard, 
Am. E., Engineering News for May 6th, 1897, that apology seems due 
for discussing again. 
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mulas Thomas Johnson, Am. E., when they were Mr. Cain. 


first published, but leaning now the use the parabolic formulas 
the late Professor Johnson, the curves corresponding being 
made tangent Euler’s curve. this way results are obtained which 
can used testing the strength existing structures, well 
designing. If, designing, desired exclude columns hav- 


ing the ratio, greater than 100 120, say, simple clause that 


effect the specification should suffice. 

will seen from this, that the writer thinks that the author’s 
intention can carried out different way than using the 
cireular curve. all the innumerable curves that have been proposed 
could swept away and curve drawn hand, steering middle 
course between the plotted points (noting carefully, also, the lowest 
points), would answer the purposes the designer well 
formula. For competitive designs, however, formula almost im- 
perative. should not give large values, for very short columns— 
especially with riveted butt ends—as the straight-line formulas. 
The imperfect “fixing” the ends some columns leads such 
indefiniteness that customary, perhaps, use the formula for 
hinged ends for all though some allowance often made for 
riveted ends butt joints. 

There some indefiniteness, too, the case pin-end columns, 
account the friction the pin; that, for such columns, 
different from that used for pivoted ends, would have 
assumed, perhaps, applying the exact formulas Mr. Marston. 
all cases, the details built-up column must designed 
fully, for the details, rather than the length, are frequently the main 
factor determining the strength column. 
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Discussion.* 


Mr. Katte. Epwin Wilgus has covered the subject 
completely that does not seem possible add much general in- 
terest; however, some the details the work already described will 
perhaps value those interested further consideration 
this electrical installation. 

Storage Wilgus has explained that storage 
were installed insurance against interruption the train service; 
this value was strikingly illustrated few months ago, when, during 
the most severe wind storm this locality for many years, several 
telegraph poles, which were high bank above the aerial trans- 
mission lines, were blown down, and one pole, with its numerous tele- 
graph wires, hung suspended the 11000-volt aerial transmission 
lines. The effect was open instantly the circuit breakers the 
power-station, and the safety devices the sub-stations automatically 

Continued from April, 1908, Proceedings. 
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disconnected from the load every rotary converter the system. The Mr. Katte. 


batteries were “floating” the bus-bars, and immediately took 
the train load, and there was interruption service. The load 
despatcher, knowing that the batteries would carry the load for 
sufficient time, was able, orderly manner, locate the cause 
the trouble and then direct the various operators charge the 


several sub-stations how start and throw their rotaries and 
pick the load. 


CURVES SHOWING DIVISION LOAD BETWEEN ROTARIES AND BATTERY. 
TWO 1500 K.W. ROTARIES RUNNING, 
BATTERY HAS TYPE AND EQUIPPED WITH CARBON REGULATOR. 
READINGS TAKEN INTERVALS SECONDS, 


Indicates 


Time 


Another reason mentioned Mr. Wilgus for installing storage 
batteries was relieve the rotary converters and generators from the 
sudden fluctuation load due the starting, stopping and passing 
heavy trains. That this has been effectually accomplished will 
apparent from the diagram, Fig. taken from actual readings one 
the sub-stations, the heavy line representing the output the sub- 
station and the fine line indicating the load the rotaries, the heavy 
having been taken the battery. The readings were 
taken intervals for period min. 


Mr. Katte. 


Aerial Transmission Wilgus has referred the reli- 
ability well-built aerial lines. Aside from the one instance just 
to, when telegraph poles fell the line, there has never been 
interruption the high-tension aerial and in- 
terest note that the interruption mentioned only interfered with one 
circuit, and the amount damage that was the mechanical 
breaking, the swaying the telegraph pole, three out seven 
strands one conductor. the practice this company place 
the aerial transmission lines the opposite side the right way 
from the telegraph poles, but, the location above cited, was neces- 
sary, for space three pole lengths, 
place the telegraph and transmis- 
sion line poles the same side. 

High-Tension Sys- 
11000-volt have 
been laid out afford the maxi- 
mum flexibility with the minimum 
quantity copper from the two main 
generating stations the eight sub- 
stations. From the diagram, Fig. 
station, with the exception the out- 
lying stations, Nos. and has 
direct circuit from the adjoining 
power-station, and the 
Sub-stations Nos. and the supply 
from direct feeders through Sub- 
stations Nos. and sub- 
station fed two more inde- 
pendent circuits, and such man- 
ner that either power-station can feed 
any sub-station. The more important 
sub-stations, namely, Nos. and 
which supply current the congested 
Harlem Division, are each fed 
least two direct from the Fia. 
power-station. The duplicate circuits are entirely independent, being 
the two sides the right way, that accident one 
cireuit could not possibly affect the other. 

Power-Stations.—In addition Mr. Wilgus has said regard- 
ing the power-stations, feature has been made the sectionalizing 
each unit. Each turbo-generator, with its condenser, auxiliary ap- 
boilers, feed pumps, complete unit, and can isolated 
from other units the station case trouble. This true the 
piping arrangement well electrical connections. These 
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Mr. Katte. features are illustrated the general piping plans, Plate LVI, and 
the wiring diagram, Plate LVII. 

separate switch-houses are distinctive feature 
the Port Morris and Yonkers power-stations, and contain several 
features, although the idea separate houses not new, having 
been used the Fisk Street Station, Chicago. The two switch- 
houses, generic principles, are the same, although the layout dif- 
ferent each. Plates and LIX illustrate the salient features 
the Port Morris switch-house. From the plans will noted that 
the low-tension control wiring kept separate from the high-tension 
circuits, thus eliminating all danger making repairs these cir- 
cuits. the use barriers, every precaution has been taken pro- 
‘eet attendants from short-circuit flashes the high-tension compart- 
ments. The elevation shows clearly the use which the building has 
been put, the sub-basement being devoted entirely conduits and 
The basement, which the same level the main 
floor the generating station, contains the bus-bar compartments, 
and the floor above given the oil-switches, switch-boards and 
The second floor, which the level the switch- 
board gallery, and connected thereto bridge, contains the load 
despatcher’s office, the exciter storage battery, the heating and ven- 
tilating system, locker-rooms, and storerooms. 

Sub-Stations.—In the present electrification scheme there are eight 
sub-stations, located the most economical load centers. Five these 
stations are now complete, and four are daily service. The general 
principles governing the design all the sub-stations are the same, al- 
though the detailed arrangements vary somewhat each particular 
The general features are shown the typical drawing, Fig. 10. 
the design the power-stations, the sectionalized-unit system 
has been out, far possible, and each rotary converter, with 
its transformers, switches, independent conditions will 
permit. The typical sub-station wiring diagram shown Plate LX. 

Third-Rail—The under-running third-rail has now successfully 
passed through the snow and sleet storms three winters, the first year 
the experimental track, west Schenectady, and two years actual 
service New York where about miles are daily use. There 
has not been single instance moment’s delay due sleet ice 
the third-rail, snow interfering with collecting the current the 
passing trains. The adequacy the third-rail protection illus- 

trated the fact that not single patron the road has been injured 
account contact with the third-rail, and but few employees, while. 
every instance injury, has been due gross carelessness 
negligence the part the employee injured. 
Low-Tension Feeder direct current all eases fed 
the third-rail through cireuit breakers which are from 
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the nearest sub-station, and the entire third-rail system paralleled Katte. 


auxiliary direct-current cables; this permits cutting out all third-rails 
given section, and feeding around through the auxiliary cables 
adjoining sections for the operation trains either side the dead 
section. The diagram positive feeders, Plate LXI, shows the various 
connections the third-rails and the auxiliary cables. Opposite each 
sub-station, except the end ones, there isolated section third- 
rail sufficiently long take the longest multiple-unit trains. The pur- 
pose this isolated section prevent train bridging from live 
rail dead third-rail section, which section there may have been 
accident, which men may working, and further, prevent 
bridging, two sections third-rail which, their being 
fed different sub-stations, there might difference potential 
and thus the blowing the motor fuses the train: 

Precautionary the devices ensure safety 
the system may mentioned the indicating wire which has been woven 
into the protecting braiding the direct-current cables along the Park 
Avenue Viaduct and through the Park Avenue Tunnel. The function 
this wire trip the breakers and notify the sub-station 
attendants the ringing gong should short occur 
sufficient severity cause burning injury the cable, but not 
involving quantity current which would open the circuit breakers 
over-load. The need this device was demonstrated last year 
the Park Avenue Viaduct when defective joint direct-current 
cable failed, and, because the disobedience attendant follow 
order, all the switches clear the short were not promptly 
opened. The burning continued for some time because the quantity 
current flowing was not sufficient volume open the over-load 
breakers, which, necessarily, have set carry large quan- 
tities current for the regular handling heavy trains. 

safety device installed the Park Avenue Tunnel consists 
cord, running parallel all tracks, and connecting with signal alarm 
boxes. for any reason becomes necessary cut off current 
quickly from any third-rails, pull the safety cord will open the 
circuit breakers feeding that section third-rail, and the same 
time will notify the attendant the sub-station that the third-rail 
has been cut out. 


Murray, thanks the railway engineering Mr. Murray. 


fraternity are due Mr. Wilgus for this paper. 

The author’s theme broad, and the the 
results severally cited, the speaker joins the general assent regard- 
ing the marked successes which rightfully have been obtained this 
stupendous work. 

Only about half page this paper devoted conclusions with 


Electrical Engineer, New York, New Haven, and Hartford 


| 


Mr. Murray. which the speaker not perfect agreement, and there such 


small difference opinion—in space least—he will waive further 
comments. 

order not misunderstood this matter, the speaker must 
state first that, given the New York Central zone electrification, 
free for decision the form adopted, believes that 
majority the best informed electrical engineers America would 
to-day their ballots favor single-phase electrification. 
this statement causes surprise, should once explained that 
not the speaker has not been this opinion ever since 
the New Haven road made its decision the form 
traction would adopt, but because could find reason criticise 


what had already been accomplished. Mr. Wilgus makes the follow- 
ing statement: 


“The wisdom adhering the type equipment already chosen 
has been proven recent comparative tests locomotives the 
two types under exactly the same conditions, which demonstrate that 
the one designed only for direct current consumes from 25% 
less current than the one intended for use both systems. This will 
effect saving the company least per annum.” 


This statement deserves careful analysis. Before discussing this 
item which, stated later, per annum, 
previous paragraph the same page will mentioned, which 
are the three principal reasons for adopting the direct-current 
system. 

(1).—The insufficient practical development the alternating- 
current system for trunk-line problem requiring absolute reliability 
service; 


(2).—Restricted which forbade the use overhead 
conductors; 

(3).—The legal obstacles the use overhead trolley wires 
ing high voltages within the limits the City New York. 

(1).—Under “Reasons for Electrification New York Central,” 
Mr. Wilgus has stated that legislative action required the complete 
abandonment the steam locomotive Park Avenue, south the 
Harlem River, within period five years, terminating July 
1908. also states that the change motive power for schedule 
trains was completed July 1907; thus, three four years 
after the date the decision electrify, commercial trains were 
placed schedule one year before the date required the State 
New York. year previous the decision the New York Central 
electrify, paper was read, before the American Institute Elec- 
trical Engineers, Mr. Benjamin Lamme, Chief Engineer the 
Westinghouse and Manufacturing Company, descriptive 
the Washington, Baltimore, and Annapolis single-phase railway, 
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which diagrammatic power connections were shown fundamentally Mr. Murray. 
principle, adopted to-day, together with practical data, the form 

traction, speed, power-factor, and efficiency curves. seems the 

speaker that the State New York would probably have been satis- 

fied the full time allowed had been taken, and, instead being one 

year ahead operation, thought had been devoted the single-phase 
proposition. If, the expiration this year, the author did not 

believe the art had been sufficiently advanced for its adoption, the 

speaker believes that his first reason would not have existed. 

(2).—Restricted clearances, which forbade the use the overhead 
conductors: There zone which this matter has been handled. 
Where the author can point one restricted clearance his line, 
the speaker can point five the New Haven road, and does not 
doubt but that the overhead obstacle clearance the New Haven will 
found closer the rails. The answer this antici- 
overpowering argument—how would the Park Avenue 
Tunnel How have the Simplon Tunnel, the Sarnia 
Tunnel and other tunnels been electrified? All these have restricted 
clearances, and yet there nothing mystifying difficult about the 
installation overhead conductors under clearances this character. 
short, unless the clearances parts the New York Central 
electrification zone, other than those over which the New York, New 
Haven and Hartford trains operate, are character strangely dif- 
ferent, the speaker would undertake install the overhead type 
construction. 

(3).—The legal obstacles the use overhead trolley wires 
ing high voltages within the limits the City New York: 
before that organization known the Gas, Water, and Light 
Commission was dissolved the bill introduced and adopted under 
the present administration, Mr. Wilgus elected erect his overhead 
within the limits the City New York, and chose for 
their location, not points over the part the railroad company’s 
right way, where their traffic most dense, but its edges, and 
there his transmission lines are carrying 11000 volts. Why, therefore, 
these voltages can assimilated the City New York the 
edges the right way, can they not tolerated toward the center 
that strip land, which will place them farther from the public? 
The speaker ventures the assertion that now that the State New 
York controls its service corporations Utilities 
Commission, will confirm Mr. Wilgus’ action placing these high- 
tension wires the New York Central Company’s right way, even 
has elected place them near possible the public. 
connection, also, with the question high voltage, this discussion 
would not complete without reference such towns Windsor, 
Ont., Hanover, Pa., Colfax, Wash., Palouse, Wash., Connersville, Ind., 


Mr. Murray. 


Rushville, Ind., Greensburg, Ind., Shelbyville, Ind., Napa, Cal., 
Vallejo, Cal., Exeter, Cal., and Rochester, Y., where single-phase 
systems are installed to-day. all but Rochester, Y., the voltage 
the trolley wires varies from 3300 6600 volts, not restricted 
territory devoted exclusively the terminals the respective roads, 
private right way, but the streets and highways. high 
voltage brings with high efficiency, smaller currents collected, 
smaller fixed charges, and consequence its physical attributes, 
lower operating costs, there can but one argument against it. 
granted that the argument safety one deserving the greatest 
consideration. But not true that the greatest source the agita- 
tion this question safety prejudice? electrical engineer 
will agree that 100000 volts can placed trolley with perfect 
safety beyond peradventure doubt two conditions are 
(1).—That beyond the reach the tallest man; and (2).—That 
the trolley wire will remain its place. 

can asserted that the first condition all roads, far 
the concerned, satisfied. concerns the second requisite, 
the 1000 miles high-voltage trolley that have been installed 
date, the speaker has yet learn citizen, not employed the 
railroad, whose life has been forfeited account this form 
electrification. These statistics will dictate the use the high-voltage 
system, they controvert the only argument that stands its way 
to-day. This the day reform. Political control ap- 
pointments officers who are regulate public service cor- 
porations will soon thing the past. The States will see the 
advantage the appointment high-salaried engineers, whose in- 
tegrity will guaranty that the practices the past will 
abandoned, and consequence the railroads this country will 
urged present arguments based upon facts rather than prejudices; 
and, while the City New York and other cities may not yet adopt 
high-voltage trolleys, men, when convinced that railroad com- 
panies can secure greater economies their several operating depart- 
ments the use the high-voltage trolley, will allow its use within 
the restricted zones included terminal and right-of-way property. 

Returning the matter the saving per annum, 
account the adoption electric engine designed for exclusive 
use direct current instead one which operative either direct 
alternating current, and before referring data actual record 
concerning the economies these two classes engines, the speaker 
wishes ask Mr. Wilgus why compares the direct-current loco- 
motive with the locomotive which operative with either class 
Why not compare the direct-current locomotive with the 
alternating-current locomotive? The author makes comparison be- 
tween two locomotives, one which, necessity, performs two func- 
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law which requires that machine, order good alternating- 
current motor must necessarily good direct-current motor, has 
been demonstrated the records the electric meters installed 
the New Haven locomotives for measuring the power while handling 
the trains the New York Central zone. 

While tests could conducted show that either locomotive would 
given trailing load from the Grand Central Station to. Wood- 
lawn the expenditure less number kilowatt-hours than the 
other, such tests, unless conducted over long interval, are valueless, 
but Table the record for the month February, showing the 


energy consumption upon which the New Haven road billed the 
New York Central Company, and value. 


Direct Direct Number 
650 420 7148 196 
3 6 880 552 11116 9 190 39 
6 7 490 564 12 205 8 639 42 
9 4 150 396 7 295 5 131 21 
10 5 690 456 9 231 7515 35 
2 6 420 588 12 018 7 415 43 
13 7 900 648 13 261 10 536 46 
15 9 080 736 15 982 12 055 50 
18 8 530 624 13 463 11 112 45 
22 8910 7 | 15 494 8 094 49 
23 | 4 230 360 | 6 607 4 575 18 
24 | 8 610 672 | 14 561 11 833 - 4 
26 7 610 636 | 14 412 10 860 18 

215 860 388 354 273 469 1197 


Average watt-hours per ton-mile 41.9. 


The speaker does not wish enter here upon theoretical discus- 
sion the rate energy required discharge given schedule, but 
wishes point out the fact, well known all electrical traction en- 


spite this, however, the inherent mr. Murray. 


Mr. Murray. 


gineers, that slow-downs stops not included the regular schedule 
between any two points always increase the amount energy required. 
Neither the committee which the speaker was member, nor the 
several others that followed rapid succession, could arrive 
mutually agreeable conclusion equitable rate the New Haven 
road should pay the New York Central for power, and was seen, 
power was purchased the electric locomotive shoes, that the 
rates would have settled impartial committee. firm 
high standing engineering circles was engaged the two com- 
panies, and the question delays and stops included between the 
Grand Central Station and Woodlawn, played important part 
the consideration mutual basis agreement between the two 
companies, that the New Haven road was requested accept six slow- 
ups and five stops between South Mt. Vernon and the Grand Central 
Station, and six slow-ups between Grand Central Station and South 
Mt. Vernon; and the estimated rate consumption, which that road 
was requested accept determining factor for the amount 
capacity that should reserved for the Port Morris Station 
was the rate watt-hours per ton-mile. shown Table 
the average was 41.9 watt-hours per 
amount thus 62% greater than the actual amount measured, and 
has the speaker that Mr. Wilgus may have also been mistaken 
about the relative amount current taken the two types loco- 
motives. Mr. Wilgus has given 33.9 watt-hours per ton-mile his 
table comparative tests steam and electrical locomotives 
switching and hauling service. These figures are manner con- 
firmation his statement, and yet these represent figures test 
only two trains for two weeks. The New Haven figures 
cover equipment necessary the haulage many fifty trains 
per day during period one month, and, addition, are the basis 
the New York Central charge for current. should added, 
also, that actual test the speaker has seen the New Haven loco- 
motives perform the same schedule the one mentioned Mr. 
Wilgus, energy rate consumption not greater than the figures 
mentioned him. can done. 

Mr. Wilgus’s statement saving per annum (which 
the speaker has reason believe zero instead this large amount), 
there mention the attendant fixed charge the system pro- 
ducing the saving. order prorate properly the operating and 
fixed charges the electrical distributing system jointly used the 
two companies between Woodlawn and Grand Central Station, dis- 
tance made miles four-track railroad, was necessary 
for the New Haven Company audit the construction charges the 
New York Central Company. This duty devolved upon the speaker. 
Exclusive power-house and motive power (and, incidentally, the New 
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Haven alternating-current-direct-current locomotive cost less than the Mr. Murray. 
New York Central locomotive, notwithstanding the continuous capaci- 
ties the two machines are very nearly the same), the cost per mile 
cost made land, which was necessary for sub-stations, and 
thousands pounds copper, but should remembered, com- 
paring with the-single-phase system, that the latter these require- 
ments are practically dispensed with. Sub-stations are reduced 
zero, and copper minimum, and the speaker thinks that 
mentioning this power required operate New Haven 
locomotives, this attendant factor five times the fixed charge should 
be, least, mentioned. 

much importance, after considering the fixed charge 
installation, the cost operation. Again, virtue the neéessity 
the close co-operation the two companies, far the audit- 
ing accounts figures appertaining this interesting 
subject necessarily passed through the hands the speaker. was 
found that for miles four-track road there charge, for main- 
tenance and operation, five times the amount the New Haven road 
pays maintain and operate miles. Although has the exact 
figures covering the disbursements necessary the installation 
each form distributing system, has not felt justified present- 
ing these figures this time. However, the ratios mentioned serve 
the same purpose. 

conclusion should stated that the principal object the 
New Haven engineers has been simplicity. True, the use the direct 
the rails over which their locomotive had operate was 
sort kink the wire, but they were not responsible for this, nor 
has any especial terror their hearts, and had not been 
superimposed upon them, like the other parts the system, the con- 
trol their locomotives would have been simplicity itself. 

Mr. Wilgus has spoken the violent fluctuations the load the 
power-station and sub-stations, which are corrected the use storage 
batteries. the twenty-one miles the New Haven road there 
are storage batteries, but, due the high transmission 
and the prompt regulation the generators the power-station for 
fluctuating loads, even the western terminus, the most distant from 
the power-station, the voltage seems practically stiff 
Cos Cob. 

yards, light but strong cross-catenary form construction 
readily applicable this branch electrification. The question 
dodging the third-rail longer confronts the yard hand. There 
ft. good air between the trolley wire and the tops the freight 
cars, thus providing clearance for the tallest man. 

The speaker’s argument has been based upon official data for the 
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Mr. Murray. 


Mr. Harwood. 


purpose controverting the statements made against the alternating- 
current system, and willing record that the near future 
will see the high-voltage distribution system, with its attendant alter- 
nating-current locomotive, propelling trains from and between the 
terminals cities where the density traffic sufficient warrant 
the increased fixed charges for electric traction. 

for the period which covers, complete that little can added. 
Some features the improvement, however, which have been taken 
since the paper was prepared, may interest. The most important 
these the removal the train-shed the Grand Central Station. 

was originally contemplated that traffic would transferred 
the new east side station before became necessary remove the old 
train-shed. This was prevented the increase 
progress the excavation. Last fall, therefore, was decided re- 
move the shed while the through passenger trains the New York 
Central and the through and local trains the New Haven continued 
use the old station. 

proposed remove all the shed north the passenger wait- 
ing-room. The length this portion about 600 ft., and consists 
wrought-iron arches, the material for which was imported from Eng- 
land and erected 1870. The arches are built the form truss, 
the section being about ft. from back back chord tees. They 
have span 200 ft. in., from center center pins, with clear 
distance ft. from the top the platform the under side 
the arch. The bottoms the arches are tied together under the tracks 
with 3-in. rods. The distance from center center arches, longi- 
tudinally, ft. in. The details construction are shown 
Plate LXII. There are about tons wrought iron, 350 tons 
iron, 90000 sq. ft. corrugated-iron roofing, 60000 sq. ft. 
glass, and 530 000 brick taken down, loaded into cars and 
from the terminal without interference with the regular business. 

accomplish this, and reduce minimum the possibility ac- 
cident falling material, was decided erect traveler, the out 
lines which would conform the general contour the 
spanning all platforms, with heavy floors extending the entire width 
the shed. The supports for the traveler, details which are indi- 
cated Plate rest the five intermediate platforms, and 
carried heavy cast wheels which roll standard rails. 
load each platform, including the weight two the 
trusses, 200 tons, this being distributed over the entire width the 
platform ties supporting the rail, and covered with temporary plank- 
ing not interfere with the use the platform for regular busi 
ness. The traveler contains 370000 ft., m., lumber, tons 
bolts and washers, and tons plates and castings. has 
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ft., which will permit blocking two the shed trusses 
the same time. equipped with six stiff-leg derricks which 
are operated two engines. Flaps are hung the sides, from the 
first platform level, protect passengers the outside station plat- 
forms. The south face boarded over, forming false end for the 
train-shed the traveler moves south. The material was all framed 
the company’s yard Harmon. Portions ready for erection were 
then brought into the station and set, the elevation the first 
floor, night. After this had been placed, the remainder the 
traveler was erected during the day, the members being brought and 
lifted the first-floor level night. 

Fig. indicates the general method procedure. fast 
the traveler moved south followed with temporary wooden 
canopies, thus subjecting the platforms minimum amount ex- 
posure. soon the traveler has been moved new position and 
blocked up, two train-shed trusses are blocked top it, and the 
corrugated-iron roofing, glass, skylights, and purlins are removed. The 


northerly truss then cut into sections using hack-saws and 


knocking off the rivet heads the joints. The derricks then place 
these sections the traveler platforms, all this work being done dur- 
ing the day. The night gang loads the material from the platforms 
cars placed the passenger tracks under the traveler. 

The traveler moved jacks, two 15-ton jacks being placed 
each platform, and each being operated two men signal 
maintain uniform movement. Fig. Plate LXIV, shows the 
manner applying the jacks. The work done units 
and requires hours move the traveler this distance. Now that 
the north portal and the first few northerly bays are removed, 
expected that the average progress will about one truss for each 
days. 

The taking down the north portal was the most delicate part 
the operation, account the necessity for cutting away all 
nections between the portal and the train-shed before the work de- 
molishing could begin. The north end the traveler was constructed 
with beams projecting ft. beyond the face. These were 
through the window openings, through openings cut the metal 
sheathing, and the entire portal was lashed the traveler. Wooden 
troughs were constructed the various platform levels pre- 
vent loose metal from falling the tracks below. Fig. Plate LXIV, 
progress photograph the removal the north portal. 

Fig. Plate progress photograph giving general idea 
the work, was taken after the first two trusses south the north portal 
had been removed, and shows the first canopy posts supporting the 
ends the old which existed north the train-shed. 

Fig. Plate LXIV, shows the southerly face the traveler, and, 
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through the openings, the canopy construction following the movement Mr. Harwood. 
the traveler may seen. 

Fig. shows the details the temporary canopies. These are 
the butterfly type, with large overhang provide maximum 
protection. 

The preparation the detailed plans and the execution the work 
are under the charge Mr. Holst, Engineer Structures. 
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Am. Soc. E.—This paper presents compari- Mr. Potter. 
steam and operation very interesting and compre- 
hensive form, and the speaker wishes express his appreciation the 
valuable information given therein. 

Reliability service under electric operation very properly re- 
matter first consideration. The installation dupli- 


cate power-houses and storage batteries, considered 


| | Traveler Canopy 
O Two lights in each pauel 
' 


Mr. Potter, May have been well justified the importance the traffic. The 
speaker believes, however, that the individual generating units will 
found sufficient reserve ensure reliable service, and that 
the second power-house will ultimately regarded simply plant 
for additional load. 

The type electrical equipment for the rolling stock was also 
selected with reference reliability. Neither duplicate power-sta- 
tions nor batteries would avail clear block caused trouble 
with the rolling stock. The New York Central locomotive was designed 
handle 550-ton train, including the weight the locomotive, 
and the heavier trains were double-headed. Double-heading, 
however, has not been found necessary, single locomotive ordi- 
nary service having frequently drawn 800-ton train, that is, 
twelve fourteen Pullman 

Mr. Murray has remarked that one were constantly starting one 
would never get anywhere. This equally true one does not start 
all. locomotive must capable starting the train 
which has the horse-power capacity haul the required maxi- 
mum speed. The New York Central locomotives have about 137 000 
the drivers, and, with sanded rails, can exert draw-bar pull 
and, while this excess the usual requirement, 
does ensure starting under abnormal conditions. The diagram, Fig. 
given Mr. Wilgus, shows the normal acceleration and speed the 
locomotives with different weights trains. 

For the through trains the New York Central, the locomotive 
was unquestionably the proper motive power, and for the local 
either locomotive multiple-unit cars might have been used, but 
the selection the latter was undoubtedly wise. each multiple- 
unit moved independently, yard movements are facilitated 
and also the making trains which are leaving close headway, 
and, either end the train may the head, economies are 
the way extra locomotives, track space, and switching that would 
required the case locomotive operation. 

Multiple-unit equipment, further, provides for amount power 
proportional the requirement. The speaker doubts whether 
appreciated that Interborough express train has the same motor- 
power equipment New York Central locomotive, and, with over 
50% more weight the drivers, the Interborough trains accelerate 
nearly the slipping point. The equipment each car with motors 
suitable for the service makes possible maintain the schedule 
with heavy trains with the same certainty the case single 
car. 

The speaker has been particularly interested the author’s com- 
parison the cost steam and electricity, applied locomotive 

service. His figures for work this class, the estimates fre- 
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quently indicate, show that there saving favor electricity mr. Potter. 
which will found reduced incidental expenses rather than 
the cost direct operation. 

There are some points Mr. Murray’s discussion with which the 
speaker does not agree. The reliability, initial cost, and cost opera- 
tion, for the service between New York and Stamford, are all favor 
direct current. This will more especially true multiple-unit 
trains are operated the local service. The complexity incident 
alternating-current and direct-current operation, and the relative cost, 
influenced the number trains under the particular conditions 
this instance, introduce features unfavorable the alternating- 
current system. The speaker, however, does not wish misunder- 
stood, regarded not favoring the alternating-current system 
under conditions more favorable its application. thoroughly 
endorses what Mr. Henderson has said regard the importance 
studying the local affecting the general scheme elec- 
but believes that greater density traffic usually insures 
greater uniformity load, that the common expression, “density 
traffic favorable electrification,” usually true. 

Mr. Wilgus and his associates are congratulated their 


and for the satisfactory service which they have rendered the 
the work they have done. 


Frank Am. Soc. E.—The Society con- Mr. Sprague. 
gratulated, and Mr. Wilgus complimented, upon the presentation 
one the clearest expositions the results obtained electrical 
equipment great magnitude, under particularly trying steam-rail- 
road conditions. concise and definite statement facts, where 
real comparisons are possible, made plain terms, and within the 
reach such railroad men are not trained electrical technicians. 

With the view taken Mr. Henderson, the speaker wishes ex- 
press cordial agreement, one which has spent number 
years voicing, namely, that the wisdom the application elec- 
tricity the equipment and operation steam railroad—and, 
may added, the method such application adopted—is problem 
individual the needs and conditions existing that particular 
road, and cannot determined any general statements real 
fancied gains fuel economy. Nor sufficient that economies, 
whatever nature, promise fair interest the new investment required, 
for, this were all, there would excuse for the adoption 
electricity, because the existing investment would have derived ad- 
vantage, and every railroad man knows that there are ways invest- 
ing money railroad improvements which will result much more 
than return pay interest the new capital—a fact not 


without vital influence time when money seeks the seclusion 
the tin box and the stocking. 


Mr. Sprague. the present moment the field electric application more ap- 


parent where trunk-line terminals and suburban service are concerned, 
for here there are certain favorable conditions conducing success, 
such density traffic, fair load factor, and reasonably uniform 
conditions and train movements, while public sentiment favors the 
abolition smoke and steam, and suburban populations demand more 
rapid and frequent train service. 

addition, there are mountain roads where onerous conditions 
are imposed local difficulties connecting divisions, and these, 
spite irregular and widely varying traffic, may advantageously 
consider electrical operation. both however, the key-note 
with eventual gain unit and system economy. 

the present, the most conspicuous example terminal and 
suburban equipment that well the author, and with 
regard this Mr. Murray states his kelief that mistake has been 
made, and that the decision the most suitable equipment were 
made now majority the best informed electrical engineers 
America would to-day cast their ballot favor single-phase 
trification.” 

Just here, and without expressing any opinion the merits 
that system—and there are many valuable arguments its favor for 
some classes roads—the speaker must record his judgment that 
this statement entirely wide probability and fact, and, basing his 
upon the comparative results shown the competitive sys- 
tems now operation the New York Central and New Haven roads, 
must his conviction that to-day with like actual 
conditions, not only would the majority—and trusts all—of the 
members the New York Central Electrical Commission, but any 
other competent board representing sound electrical engineering and 
railroad practice, make the same general decision 
originally made, modified possibly degree potential adopted and 
some details equipment. Furthermore, quite possible that the 
somewhat extraordinary degree insurance operation would not 
now decided upon, but must remembered that, certain ex- 
tent, much what was adopted was based upon the idea providing 
insurance first and utilizing later. 

the development the equipment for the New York 
there were some matters greater less novelty concerning which 
some risk had taken, and among these there may mentioned 
the vertical turbines, the particular type locomotive, and the under- 
protected third-rail. There were ample criticisms and many 
predictions failures all three features, and from many 
but with some degree complacency that the speaker recalls his 
own with this development, and the practical results at- 
tending the adoption these particular features. 


— 


There have been “frightful accidents” with the turbines, and 
the locomotive has shown and reliability simply amaz- 
ing, for has been upon for hauling capacity nearly 
100% excess its guaranty. some recent trials has 
run more than 650 miles consecutive days, stopping 
ing within 6-mile limits, and has made nearly 700 
hours under these conditions. The machines are not perfect, 
and, undoubtedly, some minor changes will ultimately adopted, but 
instructive note that, the year and half operation, the 
makers have spent probably not more than $4000 changes the 
entire equipment, and not one dollar this has had with the 
motors their design. that period the service has increased 
locomotive multiple-unit train, and all that time there have 
heen recorded but two locomotive failures the track, where 
the locomotive could not pull single-phase competitor, 
one-third that time, miles road, and with maximum 
train movements, has record least failures. had 
not been for the New York Central’s electric locomotives, multiple- 
unit trains, the effect these failures would have been 
nounced. 

Undoubtedly, the causes some these failures will removed, 
and better record will shown the single-phase machines, but 
will some time before there can any final between 
these two systems. Two facts, however, even now stare one the face: 
The first that the speaker’s predictions (made some time ago) 
the relative capacity, have been borne out practice, for while single 
locomotives have thus far pulled any load which has 
heen put behind them, use two single-phase loco- 
motives whenever the trailing load exceeds six suburban six 
ears moderate weight. The second that, spite the adoption 
locomotive operation only, operative demands will eventually make 
necessary the use multiple-unit trains for all suburban service out 
great terminals; and, when this latter attempted under the 
ditions which exist, the net result the operation such trains 
direct and single-phase divisions will absolutely dis- 
appointing when compared with the operation multiple-unit trains 
the system alone. 

third feature, which was matter some concern, was the 
third-rail, the development which the speaker had 
the co-operating with Mr. Wilgus. was possibly some- 
what more costly install this third-rail, under existing conditions, 
and has been more less costly its up-keep. The speaker has 
made effort secure some comparative costs maintenance 
this rail, both the New York Central and other localities. The 


Sprague. 


Mr. Sprague. 


conditions the New York Central are unusual character, 
and the accounts are complicated more less the costs new con- 
struction, that they cannot the present time given with any 
degree reliability. One special difficulty has developed, which at- 
tention should which, however, the fault collateral 
feature the general equipment. third-rail, whether the top- 
bottom-contact type, and especially where there much special work, 
will operate most satisfactorily when the contact shoe maintained 
within reasonable limits operation. Unfortunately, the contact 
shoes the New York Central locomotives are not carried, they 
should be, upon the frames moving with the pilot trucks, but upon the 
superstructure above the equalizing springs. The result 
and vertical movement probably fully three times great 
exist with another possible method mounting. This has been the 
cause some trouble side inclines and elsewhere. 

The speaker has reports very different character from some other 
roads, where this particular difficulty does not exist, and where the 
operation strictly normal, and comparable with other systems 
working conductors. the West Shore Railroad, operating for the 
months from July 1907, February 29th, 1908, with 


average 204 miles, the official reports give the following averages 
per month during this period: 


this equipment covers 105 miles track, the total cost charge- 
able third-rail $4.56 per month per mile. 
The Philadelphia Rapid Transit Company has miles this 


rail, and the chief engineer reports actual car mileage 
miles for 1907, and states that: 


“The total cost up-keep during 1907 has been practically noth- 
ing, but two insulators required changing, and these were probably 


eracked when installed. The covering will probably require painting 
during 1908.” 


course, time there will opportunity make direct com- 
parison between the cost up-keep this type third-rail and 
various types overhead construction, and, concerning the latter, the 
speaker inclined think there will some developments, but 
interesting note one comparison, that the maintenance top- 
contact unprotected third-rail and overhead trolley the usual 
class one the most important electrical railroads America, 


q 


operating nearly 128 miles third-rail and nearly miles trolley mr. 


wire. this particular instance, recent reports show ratio 3.8 
favor the third-rail. 

the subject the adoption systems, and illustrating how 
unsafe predict what will done any particular instance, 
but proper call attention the fact that the electrical engi- 
neer the Government railways Belgium—they are all owned 
the State—came America few months ago, from close proximity 
alternating-current developments, and with some prejudice favor 
them. had ample facilities for inspecting equipments 
and his return reported his government squarely 
favor using direct current and third-rail for the first equipment 
put the Belgian Government, and orders for part this 
equipment were recently supplied from America. 

The speaker has also recently received from one the 
engineers England, Mr. Parshall, who has been identified 
with large amount electrical work there, very familiar with 


conditions abroad, and follows developments there very closely, letter 
which reads follows: 


“You have heard great deal alternating current development 
this side the water; beg assure you that they are all interest- 
ing from laboratory standpoint, not one would meet the conditions 


American practice; they are instructive telling what not rather 
than what do.” 


The speaker does not wish prejudice the cause the single- 
phase system. seeks but the truth with regard any equipment; 
there are cases which believes that that particular system may 
used with advantage, but holds unalterably the view that the 
very best interests electric railway development require every possi- 
ble advance either system, and that hide-bound adherence any 
one but result adverse developments. 

Henry 
duplicating power-stations and transmission lines, but stage the 
art has been reached where there longer any very strong argu- 
ment for duplicating The speaker’s experience, cover- 
ing quite number years with power-plants, that the greatest 
danger now not from the apparatus, but from the men who operate 
it. Take, for example, the two largest power-stations New York 
each which giving out about 000 h-p., morning and night. 
the past six years operation the speaker can recall only two shut- 
downs which were due the power-plant, and these were very short 
duration, from maximum min. obvious that the 
duplicate power-plant would not help such situation, because, unless 


Wilgus gives certain reasons Stott. 
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all the boilers were fired and the units were turning over con- 
tinuously, least min. would required get them into service, 
which time the power-station would operation. 

regard the transmission lines, the power-stations 
must all connected common system, otherwise, the copper in- 
stalled would wasted, and the rotaries the sub-stations would have 
started over again, unless they were connected. 

few days ago there was shut-down the Manhattan system. 
The trouble was the transmission lines, and was caused one 
the steam heating mains the city destroying the insulation. there 
had been dozen power-houses, instead two, there would have been 
the same trouble; and can safely said that great deal better 
now “put all our eggs one basket and watch that basket, than 
put them into separate baskets,” view the fact that the 
element now the most dangerous one. 

The operating and fixed charges are certainly less for one plant 
than for two. working out power costs just necessary 
take into consideration the fixed charges the operating costs. 
fixed charges many cases are greater than the actual operating and 
maintenance cost. very poor plant to-day which cannot operate 
less than 0.7 per kw-hr., that is, for operating and maintenance 
charges only. Fixed charges load factor 50%, which abou! 
the best load factor that railroads can expect, would least equal 
that. Now, the load factor less, naturally the operating charges 
less and the fixed charges greater importance. 
the plants the paper there apparently going 
100% spare apparatus. The safe over-load capacity modern 
generators and turbines usually given 50% above rating, that, 
even the whole apparatus being used, there always reserve 
50%, making this case reserve 200%; but, 
sidering peak loads, such all railroads get during the morning and 
evening, due the movement suburban trains, very much smaller 
load factor must considered. this most important 
keep down the fixed charges, which, under these conditions, may 
come three four times great the operating charges. 


this has brought out many points which will far toward 
solving the modern problem electrifying steam railways. 

made Mr. Henderson, Mr. Gibbs, and Mr. 
the large collateral expenditures that have bearing the com 
parative cost operation steam and electricity; but one should no! 
lose sight the fact that such contingent expenses, the installation 
under are necessity entirely apart from the question 
electrification. For the enlargement the Grand Central 
Terminal, four-tracking, elimination grade crossings, 
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items, are required for handling growing traffic properly. Indeed, Mr. Wilgus. 
true that most these improvements are only possible with 

change motive power; but that added argument favor 
other words, there had not been the desire and neces- 

sity radically enlarging the capacity the railroad, would have 

possible have made the change from steam electricity, with 

resultant material but insufficient increase capacity, without in- 

curring any expense for other improvements. 

the other hand, there are many places where the installation 
with its superior operating advantages, will not only save 
annual cost operation, but, addition, obviate the undertaking 
expensive improvements that with steam would necessary for in- 
creasing the capacity the railroad. 

Therefore, while proper concede that the use electricity 
the New York Central has invited the undertaking other large 
expenditures for greatly increasing the earning power the railroad, 
not just, comparing the cost steam and operation, 
charge against the latter fixed charges other than those made necessary 
the change motive power alone. 

The proof the wisdom making these collateral improvements 
must rest later developments traffic, when the entire scheme has 
been 

Mr. Henderson’s analysis the relation average 
very interesting, and borne out application his reason- 
ing the New Haven Company’s installation, had direct current been 
used between Woodlawn and Stamford. shown below, the annual 
propulsion requirements the Cos Cob power-station bus-bars 
is, say, 500000 kw-hr. The power-station installation for propulsion 
current assumed 13500 kw-hr. for operation. 
This would make the ratio power installation average train re- 
quirements 6.4, the operation being slightly lower than 
steam. Probably ratio would represent equality cost 
operation steam and electricity under New York Central and 
New Haven conditions, which would agree closely with Mr. Henderson’s 
had omitted the portion the power-station in- 
stallation not intended for propulsion purposes. course, both 
roads, inerease passenger traffic and the later handling freight 
traffic, labor-saving machines, and yard switching electricity, will 
raise the average load and produce still better results. 

intimated Mr. Gibbs, perhaps too early forecast with 
positiveness the saving operation over steam the various 
installations made date, but the many misstatements the contrary 
that have appeared from time time technical discussions cer- 
tainly point the wisdom throwing some light the subject before 
the means disappear making true comparisons under like condi- 
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tions. Regarding locomotive repairs, there doubt that changing 
types and details will ensue, and the cost will chargeable re- 
pairs; but such changes are also constantly occurring steam prac 
tice. The obsolete machine simply relegated less exacting serv- 
ice. true that duplicate facilities must maintained for han 
dling the motive power interchange terminals; but there will soon 
occasion for expensive facilities for handling suburban steam loco 
motives, their electric substitutes will require small inspection 
only, and the relatively small steam locomotive plants for 
trains will removed from New York City real estate out- 
lying cheap lands. Mr. Gibbs states, there difficulty, electri- 
fied steam roads, obtaining the desired full mileage from electric 
rolling stock. However, where the traffic dense, and reasonable 
tention paid this feature the operating department, 
lieved that reliance may placed the results outlined the paper. 

Mr. Waitt’s reference European practice, based his persona! 
investigations abroad, both interesting and instructive. There 
the frequent among American engineers urge the adoption 
foreign practice unsuited American conditions. 

The remarks Mr. Lewis and Mr. Francis point the 
future paper dealing with the New York Central improvement: 
from the “static” standpoint, but this, course, cannot done unti! 
the work has more nearly approached completion. Mr. Katte and 
Harwood briefly touch some the details. 

Mr. Brinckerhoff’s experience with elevated railway service 
much weight his comparison the operating costs and 


steam and electric motive power, especially the item maintenance, 


about which some question has been raised. 

remarked Mr. Sprague, the question electrification 
approached from the standpoint fair return the new invest- 
ment required, something beyond the ordinary rate interest must 
offered the investor. While the electrification the New York 
Central was undertaken for reasons apart from possible economies 
operation, will shown below, the prospective savings are such 
promise return not only the ordinary rate interest 
capital invested, but also additional amount for the stockholders. 
the aggregate these two items being estimated about the 
additional capital required for electrification. The cost maintain 
ing the third-rail the initial zone comparatively high, not for th: 
reasons given Mr. Sprague, but because the many minor adjust- 
ments, alterations tracks, and close inspection, all which are in- 
cident the newness the installation. 

Both Mr. Stott and Mr. Potter express the belief that reliable serv- 
ice may amply insured without the precaution second generat- 
ing station. Referring the reasons given for duplicate power-sta- 
tions, will noted that two pow er- stations were decided upon: 
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“each with sufficient capacity, utilizing its spare unit, and working Mr. Wilgus. 


‘overload,’ carry the entire demand the service the rush hours, 
should the other fail.” 


Had one power-station been decided upon, additional unit would 
have been required for spare purposes, making kw-hr. instead 
20000 kw-hr., from which will noted that instead 200% 
spare apparatus the two power-stations, there but 60%, including 
the 50% over-load capacity the generators. Therefore the question 
the wisdom installing duplicate power-stations hinges upon the 
necessity having this 60% excess capacity the initial stages 
the service, and the additional expense attendant upon the operation 
two power-stations instead one. The Electric Traction Commis- 
sion considered these features thoroughly, and concluded that the com- 
pany was justified this additional expense for the reason that the 
location the two divisions, with their possible future 
the north, was such make unwise the adoption 
but one station for both, located remote point and subject such 
injury itself the connecting transmission lines make possi- 
ble long-continued interruption train service. For instance, should 
single power-station its connecting transmission line suffer serious 
injury from rioters, strikers, accidents adjoining property, any 
other contingency sufficiently serious place the power-station out 
commission for long-continued period, was experienced one 
the English railroads which was electrified some years ago, return 
the use steam locomotives would imperative. The contemplated 
future electrification freight service within the electric zone, includ- 
ing the terminals the west side Manhattan Island, the electrifica- 
tion all portion the Putnam Division, and the utilization 
company current for lighting, yard switching, labor-saving devices, 
ete., promise reasonably early use for the excess capacity the 
power-stations sufficient justify its expense for these insurance pur- 
poses during the early stages electric operation. The location the 
two stations, better relation the load centers than would possi- 
ble with one station, offers saving transmission losses that tends 
compensate for the extra cost operating two power-stations over 
one. That the company anticipates early need for the excess capacity 
shown its recent decision not accept proposition for its pur- 
chase lease outside commercial interests. 

will interesting note here that the cost the power-stations 
was very low—less than $90 per kilowatt capacity. 

the paper there was intention raising any issue with the 
representatives the New Haven Company because that company 
saw fit select form electrification different from that adopted 
the New York Central. The paragraph first quoted Mr. Murray 
had reference the proven wisdom adherence the chosen type 
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direct-current equipment, despite the urging manufacturing com- 
pany upon the New York Central the alternating-current-direct- 
current apparatus; and manner reflects the use the alter- 
nating-current system, per se. 

However, Mr. Murray has broached not only the question the 
wisdom the policy pursued the New York Central, but also the 
wisdom his own company’s adoption the alternating-current sys- 
tem north Woodlawn, there recourse but set forth the whole 
matter sufficient detail for the drawing correct conclusions. This 
perhaps fortunate, for the present uncertainty the minds steam 
railroad officers injurious the advancement the art transporta- 
tion, and peculiarly hurtful the legitimate growth electrification. 
whether direct alternating current. 

There really quarrel between the alternating-current and di- 
systems. Both have legitimate fields. more 
proper compare them broadly than contrast, say, type 
passenger locomotive with Mallet freight locomotive. 
They must viewed relation known service, and the care de- 
volving the engineer see that they are not misplaced. Legal 
restrictions, nature traffic, mixture steam and electric motive 
power, population, clearances, and other special conditions, all have 
bearings the selection the system electrification best suited 
any particular for congratulation that there 
choice three systems, direct-current, alternating-current single- 
phase, and alternating-current three-phase, rather than but one system 
which would unsuited many localities seeking release from the 
limitations steam. 

The question, then, whether not either company has mis- 


applied the system that has adopted. The elements considered 
are 


(1) and legal restrictions, 
(2) Operating requirements, 

(3) Safety, 

(4) Reliability, 

(5) Cost. 


(1) Physical and Legal law taking July 
Ist, 1903, requiring the abandonment steam Park Avenue south 
the Harlem River, within five years, gave insufficient margin 
time for the making radical experiments, which, unsuccessful, 
would cause delays alike distasteful the and the railroads. 
The temper the public, conditions the Park 
Tunnel, and the congested nature the Grand Central Terminal 
yard operations, were such dictate the utmost speed effecting 
the change, the interests safety and public comfort. 


the two systems, direct current and alternating current, the Wilgus. 
former offered apparatus proven reliability and efficiency, whereas 
the latter, the time the decision the fall 1903, was declared 
its warmest advocates unsuitable for meeting the onerous con- 
ditions the case. The state the art was not sufficiently advanced 
warrant the use system still untried heavy trunk-line serv- 
ice; but, apart from this reason, there were others even more con- 
vineing nature. 

The four-track Park Avenue Tunnel, miles length, with 
head-room affording but in. clearance above the top the rolling 
stock, confined between the city street pavements immediately over 
the roof and the city sewers beneath. The overhead conductors and 
contact devices the equipment the alternating-current system 
would require least ft. in. more head-room, obtainable only 
changes city sewers, obtain consent for which would 
very problematical; and the lowering miles tracks solid rock, 
smoke-laden tunnel through which flows nearly all hours the 
day congested traffic from four five times the volume the 
New Haven Company’s traffic north Woodlawn. feasible 
and safe, the cost doing this would prohibitive. That such 
change the tunnel impracticable from the legal standpoint well 
shown the fact that the authorities stopped the company 
from drilling and blasting for electric ducts the side-walls the 
tunnel, during the few hours the night when traffic conditions per- 
mitted the prosecution work even that simple character; and pipe 
duets were substituted, hung from the tunnel walls. Then, too, the 
required method rebuilding the Grand Central yard sections dur- 
ing period many years, conjunction with the construction 
lofty buildings over tracks carrying traffic, prohibited the use exposed 
overhead trolley wires alive with current dangerous 000 volts. 

That Mr. Murray can place these trunk-line conditions, next 
the largest city the world, the same class with the totally different 
and vastly less complicated problems his own line, and the 
Sarnia and Simplon Tunnels, strange. The repeated promises and 
frequent failures Mr. Murray’s company during the past year 
complete its change electricity, with the resultant serious delay 
the Grand Central Terminal reconstruction, and annoyance the 
the Park Avenue Tunnel, are the most speaking commentaries 
the offer Mr. Murray undertake blithely this task for others. 

Apart from these physical objections the overhead alternating- 
current there were serious legal obstacles. 

The four-track Park Avenue Viaduct north the tunnel, miles 
long, was built under legislative enactment that prescribed the exact 
design. modify this materially the erection trolley wires and 
supports would surely invite injunctions abutting property owners, 
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Mr. Wilgus. and resultant indefinite delays and enormous damages. The previous 


experience the company with its neighbors this thoroughfare, 
costing millions dollars, taught lesson that could not disre- 
garded. 

The crowning legal obstacle was the objection the city authori- 
ties any form overhead wires carrying high voltages along and 
over streets within the city limits. While the company has contended 
that transmission lines the outer and sparsely-settled sections the 
city, placed the exterior edges the right way and passing far 
above the surface intersecting streets, were permissible and even 
desirable, least until the growth population required change 
ducts, did not feel that could denied that trolley wires carrying 
11000 volts immediately over and close rolling stock and imme- 
diately beneath travel intersecting street bridges, would 
sufficiently objectionable invite ultimate adverse action the pub- 
lic authorities that would entail complete abandonment system 
costing the stockholders many million dollars. 

With these absolute barriers the use high-voltage trolley wires, 
the New York Central, apart from other reasons, could not other- 
wise than adopt the direct-current system, which New York City 
feasible and legal. The New Haven line, lying the open country, 
did not have these obstacles, and adopted the alternating-current system. 

(2) Operating Requirements.—The constantly increasing traffic 
the congested Grand Central Terminal demanded type self-pro- 
pelling electrical equipment that would minimize the number 
switching movements across the throat the yard. Experience else- 
where, also, had demonstrated the need elastic system train 
operation, which, apart from the question economies, would permit 
quicker acceleration, more frequent service, and the regulation 
the number cars per train the volume different hours 
the day. All these objects could obtained the use multiple- 
unit cars, which, the existing state the art, seem best adapted 
direct current. 

The New Haven Company, adopting alternating-current opera- 
tion, rejected the use the multiple-unit system, whereas the New 
York Central seized the opportunity use it, with resultant imme- 
diate benefits its operating department. That Mr. Murray’s com- 
pany now realizes its mistake shown its recent design 
alternating-current-direct-current multiple-unit train consisting 
motor each end six- eight-car train. The success such 
arrangement very questionable, from operating well elec- 
trical standpoints, and least one large manufacturing company 
declined build it. 

(3) item, referred Mr. Murray, should con- 
sidered its twofold relation, the employee and the and 


not one alone. Both, naturally, deserve the very best judgment and mr. Wilgus. 


care deciding upon the kind distributing system used. 

Experience has shown that the low-voltage third-rail, suitably pro- 
not dangerous. During the period year and half that 
the working conductors have been energized the congested initial 
zone the New York Central, not fatality has occurred 
cither employees the public, primarily due the third-rail 
lines. Three instances have been due trespassing 
transmission line, another porter reaching beneath the third- 
rail for pack cards, and one prior contributing cause. 

the other hand, the present time, the New Haven trolley- 
wire system and transmission lines have apparently caused thirteen 
fatalities, largely due wires not being “beyond the reach the 
tallest man.” 

Carelessness, doubt, responsible for the majority these un- 
but not duty select the system which 
dictate least dangerous the negligent employee 

the public, the third-rail entirely removed from neighbor- 
ing thoroughfares, and the transmission lines sparsely settled dis- 
spanning far above intersecting streets, seem have the ad- 
vantage safety, superior that trolley wires passing 
beneath street bridges low clearance above the tracks and 
within few inches the passers-by. 

the system, case accident, the passenger 
well better guarded from the third-rail means protecting 
sheathing and circuit-breakers, from knocked down trolley 
wires which may affect not one but all four tracks. 

May not concluded that, measured both practice and 
theory, the direct-current system, the territory under discussion, 
preferable the alternating-current system, from the standpoint 
safety, having mind the local conditions? 

(4) Reliability—This question first importance trunk- 
line railroad. What has experience shown the two systems under 

During two representative months the delays per 1000 locomotive- 
miles between Woodlawn and the Grand Central Station, due 
motive failures, were follows: 


New York Central direct-current locomotives.. 1.2 
New Haven alternating-current locomotives... 12. 


will noted that the alternating-current locomotives this 
caused eleven times many train delays the direct-current 
machines, and six times many due steam power. 
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Since July, 1907, the New York Central has not had single 
terruption electrical service, whereas the New Haven Company, 
its own territory north Woodlawn, has had nine interruptions, 
which four were very serious—in one instance lasting for hours 
necessitating complete return steam operation. 

These facts demonstrate that, for reliability, the New York Centra 
installation far superior that the New Haven Company. 

(5) cost are absolutely valueless unles- 
they are based the same premises and conditions, and are suffi 
cient detail permit analysis. make bare statement, 
details, comparing the cost the battery-less New Haven installa 
tion the open country, with the one the New York Central carry- 
ing four times the traffic through section requiring 
instead aerial lines, and into terminal the midst great city. 
like showing side side the cost per mile the Union 
Pennsylvania Railroads, without making allowance for the difference- 
topography, grades, number tracks, terminals, and character 
shown below. 

Mr. Murray questions the accuracy the saving $300000 per 
annum the New York Central from avoiding the use the alter- 
nating-current-direct-current locomotive, but attempts analyze 
the smaller part ($140 000) only, curiously enough not questioning the 
larger portion the saving per annum) due the 
ment for less number His silence this point 
most impressive one considers the millions dollars that have bee 
spent American railroads grade reductions order reduce the 
number locomotives for handling given traffic—not increase 
them. 

Mr. Murray attempts cast doubt the statement lower energy 
consumption for the direct-current locomotives comparing the 
leged actual results the New Haven alternating-current locomotive 
direct-current territory, with the theoretical assumptions 
arbitrator, whose decision, the way, his company rejected. 

Upon checking the correct mileage, weights, and bills for 
current, may also find that his watt-hours per ton-mile should 
50.7 instead 41.9. However, the following figures, the writer 
has used the figure which most favorable his contention. 

The energy consumption upon which the item $140000 saving 
was based, was obtained the following manner: 

Several trial runs were made between the Grand Central Station 
and Woodlawn with both alternating-current and direct-current loco- 
motives hauling identically the same weight trains, the same 
speeds, and with the same limited number stops. The average re- 
sults were: 


Alternating-current locomotive (New 
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Direct-current locomotive (New York Cen- 


Saving favor New York Central loco- 


“ “ 


Another comparison available, check the foregoing results: 


New Haven: Average consumption south 
than were made the foregoing trial 


41.9 watt-hr. per ton-mile. 
New York Central: Observations for di- 

rect-current locomotive, 

more stops than were made the fore- 

Saving favor New York Central loco- 


well the safe side, showing money saving, difference 
but 15% favor the New York Central locomotive used 
the following comparisons, this agreeing with careful study the 
characteristics the several electrical parts both locomotives: 


New York Central Electric Zone saving, due use direct- 
instead alternating-current-direct-current 


Direct-current locomotive annual requirements 
the contact shoes, 000 000 kw-hr. cents....... $936 000 
Alternating-current-direct-current 
nual requirements the contact shoes, 36000000 
kw-hr. plus 15% excess, kw-hr. 000 
New Haven loss, “due use alternating-current-direct- 
current locomotives instead 
motives south Woodlawn: 
Direct-current locomotive annual requirements the 
contact 500 000 kw-hr. cents.......... $273 000 
Alternating-current-direct-current 
nual requirements the contact shoes 10500000 
kw-hr. plus 15% excess, kw-hr. 075 000 
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thus appears that adopting locomotive suited the system 
over which operate, the New York Central will effect saving, 
for current only, over what would have expended locomotive 
had been adopted for operating two systems, $140 000 per annum; 
whereas the New Haven Company, adopting the reverse policy, 
will suffer loss between Woodlawn and the Grand Central Station 
$40 950 per annum. 

Mr. Murray asks why not compare the direct-current and alternat- 
ing-current locomotives, apart from the complications attending the 
necessity performing two functions the latter. this re- 
quires study the first costs and annual costs operation, both 
systems, the same territory, under precisely the same conditions. 
and embracing all variable elements. Therefore the writer has selected 
the New Haven Company’s line, between Woodlawn and Stamford. 
having total single-track mileage more than 100 miles, which 
included number small yards. 

The cost the generating station for direct-current operation 
found least 20% cheaper than the one intended for alternating- 
current operation, for the reason that the generators for the latter, 
built the New Haven Company, are designed for three-phase out- 
put, but they are utilized for single-phase purposes, which largely cuts 
down their capacity. Then, too, the magnetizing the motor fields 
the alternating-current locomotives requires large amount watt- 
less current not needed with the direct-current system. These condi- 
tions result much larger generator installation than would 
needed for the direct-current system, and corresponding higher cost. 

the same work required the locomotives ordered the 
New Haven Company, only would required for direct-current 
operation. This due the limit five six passenger cars 
single New Haven locomotive order that the schedule speeds may 
maintained, compared with the ability the New York Centra! 
type make the same schedules with two three times that number 
cars. other words, heavy trains require double- and triple- 
headed with the alternating-current locomotives, whereas but one 
direct-current locomotive substantially the same weight and cost 
would suffice. The evil feature this system only the heavier 
annual cost for repairs and for current needed the additionai 
alternating-current locomotive, but there the serious operating 
handicap holding spare units readiness attach trains which. 
the last moment before leaving the termini, are found heavier 
than was first anticipated. The cost per locomotive each type 
taken $30000, but reliable information points 
higher cost for the alternating-current locomotive, having approxi- 
mately one-half one-third the capacity the direct-current loco- 
motive. 

The effect this excess number locomotives counteract the 
saving due the superior efficiency the distributing system the 
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estimated that kw-hr. annually will required the con- 
shoes, based which the requirements the generating station 
bus-bars, with efficiency 81% (New York Central results) for the 
distributing system, would about 18500000 kw-hr. The larger 
number alternating-current locomotives for doing the same work 
inereases the current the contact shoes for the locomotive 
ton-mileage, that, compared with the 000 000 kw-hr. for direct- 
current operation, there needed 15% increase for the alternating- 
eurrent system, 250000 kw-hr. 

the basis 95% distributing-system efficiency, this makes the 
requirements the bus-bars the generating station 200 000 kw-hr. 
Thus seen that, for the two systems applied the territory 
question, the demands current the generating station bus-bars 
are nearly alike. 

The depreciation the alternating-current system under New 
Haven conditions greater than that the direct-current system, 
the comparatively short life the trolley wires and 
construction, which are subjected abrasion and corrosion. This 
item aggravated this instance the combined operation 
tricity and steam. both systems, due deterioration and ob- 
life twenty years may used, except for the trolley 
wires and system, for which extreme life five years 
assumed. Personal observation prompts the belief that the last named 
period much greater than will actually experienced. 

Maintenance generating plants and distributing systems 
taken per annum for both systems. Observations the annual 
maintenance third-rail and overhead work show that they 
are about equal where the conditions are similar, provided that 
separate provision made for the more rapid depreciation the 
latter. 

The maintenance the New Haven locomotives assumed 
per locomotive-mile, compared with cents per 
mile for the New York Central locomotive. The excessive number 
failures, the complication parts, and the known large 
size repair gangs Stamford and the Grand Central Terminal 
that the cost maintenance the New Haven alternating- 
much excess the assumed figure. Thirty 
thousand miles per annum per locomotive assumed for both systems. 

The actual experience the New Haven Company with injury 
employees due contact with trolley wires warrants the 
assumption that payments for damages will least five times those 
that are chargeable the use the third-rail the direct-current 
system. clearances street bridges for trainmen and other em- 
ployees; possibilities falling wires caused abrasion and corrosion 
and from high winds similar those that recently felled neighboring 
wires, trees, and poles, causing temporary suspension New Haven 
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Mr. Wilgus. service; and proximity signals the trolley wires—all these ag- 
gravate the New Haven situation. 


With these explanations, the following statements have been pre- 
pared. 


Direct-current. Alternating-current. 
Generating 
Distributing 
$600 000 Trolley system. $500 000 
Working conductors, Overhea 
Transmission lines, 1250000 
550 000 


Based ona liberal estimate probable cost. 
liberal estimate probable cost. The New Haven Company’s 
reports indicate higher cost. 


CoMPARATIVE ANNUAL Costs OPERATION THE 


STAMFORD. 
Items. Direct-current. Alternating-current. 
! 
Depreciation. 
for 
Assumed life 
system, 
years 
184.60 per 
300 
209 
Maintenance. 
Generating stations ............. cost....$26 000 cost... $30 000 
840 000 miles 230 000 miles 
Operation (exclusive 
nance). 
Generating stations ........... 500 000 kw- 200 000 kw- 
cent....... $92 500 $91 000 
Distributing system............. in- 


Excess cost alternating-cur- Mr. Wilgus. 
rent over direct-current north 
Woodlawn ............... $104240 per annum per cent. 
Add excess cost operating 
alternating-current locomotives 


Total excess cost New Haven 
Company adoption alter- 
nating-current system ....... $145190 per cent. 


will thus seen that, under the conditions traffic the New 
Haven Road, the alternating-current system costs 16% more operate 
than the direct-current system, and the excess cost operating 
alternating-current locomotives direct-current territory con- 
sidered, the loss per cent. If, the estimate, consideration had 
been given the use the multiple-unit cars for suburban service, 
instead locomotives, the direct-current system would show even 
greater saving. 

Summarizing all the cost figures for steam, direct-current and 
alternating-current service, both the New York Central and the 
New Haven lines, and adding locomotive wages, agree with the 
conclusions given the paper, the comparative annual results are: 


New York Zone). 


1000000 thousand ton-miles 

Electric: direct-current.. 1000000 thousand car ton-miles 


Difference: Saving $750 000 


New Haven Company STAMFORD). 


Loss al- 
Direct-current. Alternating-current. ternating- 
(Not adopted.) current 


system. 
| 


262 509 thousand car ton- 500 thousand car ton- 
miles $2.77 $727 125 
500 thousand car ton- 500 thousand cur ton- 
Add for loss south 
Woodlawn 950 950 
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These figures are not claimed absolutely accurate, the New 
Haven Company’s detailed costs have been withheld, but they are based 
careful estimates made the ground, and are believed 
ciently enable one form the reasonably correct 
sion that, under the conditions existing the territory question, 
the New York Central, reason its adoption the direct-current 
system, will ultimately show very large saving over steam, say, ap- 
proximately, $750000 annually; and that the New Haven Company. 
instead showing the saving over steam of, say, annually, 
which might have reasonably been expected from the use the direct- 
current system, will show loss of, say, approximately, $129 375 
annually, total net loss of, say, $145 190 annually. 

Conclusions.—From the foregoing seems proper draw the con- 
clusions that the early decision the New York Central adopt 
direct-current fit its local conditions, has resulted the following 
advantages that would have been denied had the system been selected 
that Mr. Murray’s company later adopted: 

(a) Timely relief the from the products combustion 
and noise the New York Central’s steam locomotives the Park 
Avenue Tunnel and along Park Avenue; 

(b) reliable and efficient substitute for steam service; 

Compliance with the law, and hence absence danger 
fines for use steam locomotives Park Avenue after July 
1st, 1908; 

(d) Promise substantial economies operation which, upon the 
completion the change Harmon and North White Plains, are 
believed will approximate annually. 

previously stated, Mr. Murray misinterprets the intention the 
paragraph first quoted; and, “controverting the statements made 
against the alternating-current system,” has undertaken un- 
necessary task. The writer has genuine pleasure cordially agreeing 
with him “that the near future will see the high-voltage distribution 
system, with its attendant alternating-current locomotive, propelling 
trains from and between terminals but, for the sake 
both stockholders and public, let not forgotten that there are 
other items, addition “density traffic,” which, ignored, lead 
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very interesting manner the recent developments pneumatic-caisson 
work. The speaker agrees with the author his description some 
the latest and most important developments; but the first appli- 
pneumatic-caisson work foundations for buildings 
searcely more than fifteen years old, and its development has in- 
cluded many changes from the original which were operated 
without essential deviation from the methods used constructing 
submerged foundations for bridge piers, may excusable call 
attention few other matters which seem important links 
the chain development, from the Manhattan Building the United 
States Express Building, the City Investing Building, the Singer 
Building, and the Hudson Building, recently completed, all New 
York City. There are only two three instances where pneumatic 
for buildings have been used outside New York City. 
The first pneumatic-caisson foundations for buildings—those sunk 
1893 for the Manhattan Building—were simply riveted-steel 
assembled partially the site and sunk the usual process. They 
were costly, and open some objections from structural considerations. 
This discussion (of the paper Usina, Assoc. Am. Soc. E., printed 


Proceedings for March, 1908), printed Proceedings order that the views expressed 
may brought before all members for further discussion. 
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Mr. Skinner. They were made excessively heavy, order carry the entire weight 
the massive pier and its load, sustained, the first place, very 
heavy and deep transverse girders reinforced knee-braces the 
cutting edge, making costly and complicated construction. Since 
that time this type has been entirely eliminated, advantage largely 
due the improvements described the author. 

One the first important changes was the substitution wooden 
walls and wooden deck for steel rectangular caissons, thus 
ing reduction the cost and greater reduction the time. The 
rectangular caissons were built solid courses timber, sheeted and 
caulked inside and outside, and with crossed courses timber, sheeted 
and caulked inside, for the deck. 

The next considerable stride was made the substitution 
cylindrical caissons with wooden staves for rectangular ones. These 
were more easily made, handled, and sunk, and were more economical. 
John O’Rourke, Am. Soe. E., who has built large number 
difficult and important pneumatic-caisson foundations, 
credited with that improvement. His courage, resourcefulness, and 
indomitable energy have been important elements this field. 
him also due the credit for simple method controlling the escape 
air from caissons. sinking caisson, often difficult lower 
after the cutting edge has been undermined considerable distance. 
The side friction sometimes great that the weight and the 
coffer-dam inadequate lower it, and the air pressure has 
blow-out likely quite critical operation, especially the ad- 
joining buildings are quicksand. Thus the foundations might 
jeopardized material entered under the cutting edge large quan- 
tities. Mr. O’Rourke simply bevelled the cutting edge, thus providing 
high point which located the blow-out, and that was arranged 
the safe side the caisson. 

Still more important, however, and greater value than 
any other single feature the development caissons, has been the 
improvement made Moran, Am. Soc. E., the air- 
lock for the passage materials. The man-lock has been practically 
unchanged, but, originally, the air-lock, through which materials were 
removed from and introduced into the caisson, was like the man-lock, 
and was necessary, removing bucket spoil introducing 
bucket concrete, detach from the hoisting tackle and handle 
separate apparatus inside the lock. That wholly unnecessary 
now, but was formerly impossible keep the bucket uninter- 
rupted connection with the derrick. 

After considerable experience with caissons, the upper door the 
air-lock was made two leaves, fitted the joint line, with de- 
engaging the hoist line. The upper door can 
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now opened closed regardless the position the line, which Mr. Skinner. 


passes freely through and need never detached from the bucket. 
The stuffing-box permits the bucket handled almost rapidly 
and easily open and with very small loss air, 
and probably increases the rapidity removing and entering material 
more than 100 per cent. Buckets can now make round trip and 
out the caisson less than min., and previous this improve- 
ment min. were often required. 

Another method maintaining the attachment the bucket 
the hoisting line while through the air-lock was devised 
Mr. O’Rourke, the work for the Commercial Building. made 
the top door the air-lock detachable, and connected the stuffing-box 
permanently it. 

Another important development the special arrangement 
which the exterior caissons supporting the wall columns several 
the largest and most important buildings New York City have been 
made form continuous water-tight wall, or, was termed 
one the first applications, sort dam enclosing some all 
sides the whole site the building, and thus, theoretically and some- 
times actually, avoiding the necessity using pneumatic caissons 
for the interior piers. Having enclosed the building, flow quick- 
sand from beneath adjoining buildings prevented, thus allowing 
interior piers built open excavations coffer-dams. 

Considerable difficulty found making this construction, be- 
there limit the size caissons which can well sunk, 
and length about it. maximum for wall caissons supporting 
two columns or, possibly, three. building 100 ft. more length 
takes several such caissons for the walls. Some clearance must 
left between their ends, and that clearance may from in. 
even in., and its closure, and the permanent exclusion ground- 
water and quicksand, where the sand very lively and the 
pressure heavy, difficult problem, and has been met several 
ways. 

the Commercial Cable Building, rectangular steel wall caissons 
were sunk few inches apart. Pipes were jetted down between the 
adjoining ends, and after they reached the hardpan, ft. below 
the surface the street, they were filled with clay cartridges rammed 
piston plunger operated pile-driver. The pipes were 
gradually raised, distributing the clay vertically, and such great pres- 
sure was developed the ramming that sheared the steel plates 
the caisson itself, and very effectively excluded the water until the 
brick lining was built the excavation. 

This method was not all respects satisfactory, not long 
after, Mr. O’Rourke devised method making continuous con- 
bond between adjoining caissons the Stock Exchange and other 
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Mr. Skinner. buildings. the caissons were sunk, semicircular recesses wells 
were formed the adjoining ends both caissons and coffer-dams. 
After the caissons were sunk and concreted, men entered and bolted 
the adjoining outer wooden walls together, removed the center part, 
between the bolts, and caulked the cut edges. The two wells were 
thus combined single one with 5-ft. cross-section and 
outline like that button-head rivet, which was filled with concrete, 
thus making key and bond between the caissons. 
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Later, various ingenious methods were used bonding wall 
together. the Bank the State New York the wooden 
caissons were sunk about in. apart, and one caisson was provided 
with pair 2-in. vertical timbers, in. apart, recessed in. into 
its thickened wall. These vertical ribs, which projected first only 
very little beyond the face the caisson, were equipped with 1-in. 
stud-bolts projecting through the wall the caisson 
and bearing against heavy steel yoke pieces secured bolts the 
wall the caisson. After the caisson was sunk, the nuts all the 
were operated force the ribs out through the quicksand until 
their sharp cutting edges penetrated the wooden face the adjoining 
caisson, and made fairly tight and satisfactory joint, excluding the 
quicksand from the interior the excavation. 
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Another method connecting adjoining caissons was made some- Mr. Skinner. 
what more simply for the building Broadway, where the first 
caisson was sunk with couple vertical 8-in. guide-timbers 
bolted the end wall, the second caisson being located very close 
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these guide-timbers and provided with interlocking guide-timbers. To- 
gether, they formed sort tongued-and-grooved joint, effectually 
closing the space, and leaving small core through which pipe was 


jetted down, thus serving out the sand down rock and 
leave space for the introduction grout. 
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Afterward, still another method was devised the same con- 
tractors. special sheet-pile was driven the quicksand across the 
gap both sides the coffer-dams, protecting the narrow space be- 
tween their ends, that men could enter and excavate down the 
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deck the caisson, below which the narrower space was cleared 
post-hole diggers down the cutting edge and the spaces concreted. 

the building for the Trust Company America differeni 
methods were adopted for connecting adjoining wall-column piers. 
These piers were sunk about ft. apart the pneumatic-caisson 
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process before was decided make them continuous. 
mediate wooden rectangular caissons, the full depth the piers, 
were sunk between them, and after they were landed rock, alternate 
horizontal planks, A,, A,, A,, the sides next the 
large caissons were successively removed, the sand scooped out, from 
the bottom up, and the spaces filled solid with concrete, after which 
the caisson itself was concreted, thus sealing the space between the 
large caissons piers. The removal the side pieces A,, A,, 
was facilitated the slots, ete., half through them when 
the caisson was built. other side piece was made without the 
slot, and was left position tie the caisson together. 

Other pneumatic-caisson wall-column piers the same building 
were sunk about in. apart, with the intention joining them after- 
ward, and, provide for this, semi-octagonal recesses in. diam- 
eter were cored the concrete the adjoining ends the piers when 
the latter were made, and were closed the outer faces horizontal 
tongued-and-grooved side boards, making well, each 
end the pier. After the caissons were sunk and concreted, com- 
pleting the piers, the earth and sand between them was excavated 
the depth ft., and the first pair boards, was taken out, 
cut and nailed again the position, right angles their 
first positions. This operation was repeated, thus completing the 
octagonal well between the two piers. When the well was deep enough, 
short vertical section steel air-shaft cylinder was set and 
concreted, and air-lock was assembled and pressure put on. 
Slots, the pier concrete were filled with the shaft concrete, 
thus acting keys prevent the pressure from blowing out the shaft. 
The men then entered and continued the excavation and removal 
the boards, this way, the excavation between the piers was 
carried the bottom and afterward concreted, thus making positive 
and efficient bond between the piers, the first time that had been 
accomplished under pneumatic pressure. 

minor improvement work, but one which 
contributes materially economy and rapidity, the substitution 
castings, with connections for hoisting tackles, for the small 
pieces pig iron formerly used ballast caissons. equivalent 
device heavy rectangular box which placed 1000 2000 Ib. 
pig iron, kentledge, its equivalent. These boxes are compact, 
and easily handled and piled. form ballast can much 
more advantageously piled around the air-shaft the pier than 
pig iron, and can handled very small hoisting engine, 
thus eliminating hand labor. 

The reference the connection between concrete piles and pneu- 
caissons, the latter part the paper, very interesting. The 
two are opposite extremes difficult foundation work, but there 
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Mr. Skinner. important space intervening between them. The usefulness con- 


crete pile terminates with the requirements for bearing strength greater 
than that single pile such dimensions that can advan- 
tageously driven. The perfect concrete pile has not yet been devised, 
and, for loads more than about tons, there are few examples 
anything except pneumatic caissons for many cases pier founda- 
tions soft ground. 

Caissons are expensive and excavation difficult for piers from 
ft. square that there very important gap filled the 
construction small piers having capacity greater than that 
single pile and less than can made economically with the pneumatic 
caisson. The speaker not aware any examples satisfactory 
construction for such cases, but knows that simple designs have 
been made, which appear entirely practicable and very economical, 
for sinking small concrete piers ft. diameter, soft and 
wet ground, without the necessity pneumatic-caisson coffer-dam 
work. 

general principles, the reinforcement either pile 
pneumatic-caisson pier with steel rods compression avoided. 
Ordinarily, the pier other foundation should essentially 
masonry structure; steel reinforcement should only tolerated when 
bending moment flexure unavoidable. For this reason the 
speaker does not believe the use steel reinforcement for com- 
pression stresses piles piers; aware that has been used, 
and, further, aware that extremely high values have been per- 
mitted for steel used this way compression; but has strong 
objections it. 

Although the speaker wishes express the utmost admiration for, 
and satisfaction with, the splendid work that has been done pneu- 
matic caissons, yet thinks the tendency has sometimes been over- 
it. Pneumatic-caisson foundations are form construction es- 
sentially and inherently very costly, and, when not indispensable, very 
extravagant. Where equal security can otherwise obtained, pneu- 
matic caissons should not used, although many, perhaps most, 
cases where they have been adopted their use has been unavoidable 
justifiable. some cases other forms construction would have 
served equally well, and would have avoided excessive expense. The 
construction the caisson costly, and sinking costly. Elaborate 
and expensive plants have maintained for it, and some cases 
the extreme cost could obviated the substitution piers, sunk 
open coffer-dam work and other methods. 

The use improved steel sheet-piling will great way toward 
solving that problem, and reducing the cost many difficult sub- 
structures. the present time, steel sheet-piling, although has 
been used large quantities, has been very heavy weight, has not 
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afforded absolutely water-tight joints, has been subject difficulty Mr. 
driving, has cost from cents per square foot and upward, and, 
therefore, has often been “thrown out court,” not only account 
its excessive first cost, but account uncertainty driving. 

Recent improvements design and construction have very ma- 
terially reduced the weight and cost steel sheet-piling, and they 
insure absolutely water-tight joints, without caulking silting. Such 
piling can also driven with perfect protection, that, matter 
whether the driving hard easy, whether not there are 
moderate obstructions, the engagement the piles and their perfect 
position can assured when installed and service. The piles, with 

webs, can bear load 100 lb. per sq. ft. with supports ft. 
apart, and may any desired width, the limits ordinary 
independent driving, say in. 

The most important elements cost for steel sheet-piles are the 
joints, the spacing which has heretofore been determined the 
widths standard rolled sections, and the practicable dimensions for 
driving. Both these considerations have been eliminated recent 
improvements, which steel sheeting can installed, before excava- 
tion, units any width desired, thus reducing its cost almost one- 
half, without materially increasing the cost driving, and method 
applicable hard, soft, wet, dry, soils. can used wherever 
possible drive any other kind sheet-piling, and provides for 
sheeting any dimensions and any degree strength and stiffness. 

The this fact very important and far reaching; 
means that, not only stiff sheeting can installed more perfectly 
and cheaply than before, but that, where great permanent strength 
not required, continuous and perfectly water-tight steel surface, 
either temporary permanent, can installed, which has minimum 
weight and, even with present facilities for manufacture—which can 
easily materially improved—will cost less than wooden sheet-piling. 
This piling can designed have exactly the strength required, 
without excess metal. very thin webs suffice, they can 
strengthened temporarily, receive the reaction braces and dis- 
tribute pressure, facing loose planks placed the excavation 
progresses, and afterward removed, thus leaving only the minimum 
structure permanently engaged after the work completed. 

There another point which has not been fully considered: 
many might quite advantageous and entirely practicable 
eliminate costly pneumatic-caisson work enclosing one, two, 
even four, sides the building site continuous and per- 
fect wall steel sheet-piling. Suppose that 200 ft. such wall 
are necessary, and that required ft. deep. could 
installed total cost from $4000 000, exclusive salvage, 
and many would not only protect the foundations adjoining 
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buildings from undermining and settlement—obviating the necessity 
for costly underpinning, itself much more expensive than the total 
cost the piling—but would also serve coffer-dam, excluding 
large quantity ground-water, that the foundation piers could 
constructed open pits, much more rapidly and cheaply than with 


caissons. 


Thomson. 


The pneumatic caisson one the most indispensable and im- 
portant appliances for difficult substructure work; splendid courage, 
skill, and energy have been shown the developments which has 
been brought high state perfection and simplicity, enabling the 
erection structures which would otherwise have been impossible. 
will continue used advantageously increasing number 
cases, but there will other cases where the great cost either pneu- 
matic rigid open caissons may avoided, and perhaps structures 
built which would otherwise have been considered too costly, the 
use steel sheeting, which, besides the advantages mentioned, can 
assembled before driving form the walls complete caisson and 
driven sectionally small units where would impossible over- 
come the friction and resistance for the whole caisson once, and 
where the driving effort can concentrated small area the 
structure, thus practically multiplying greatly and also allowing 
for adjustment conform the rock surface and obstructions. 

congratulated giving such clear demonstration the art 
caisson design existed the early part 1907. 

The design pneumatic caissons has been completely revolu- 
tionized about four five times the last ten years, and the result 
that what was the best two years ago was out date last year, and 


year’s best already out date, notwithstanding the fact that 


there construction going present. 

trying originate improve, very common revert un- 
consciously original antiquated types, and, after using these 
designs several times, the same objections which caused the original 
abandoned apparent again. For example, the early 
were built without coffer-dams top, the masonry piers 
were generally started top the massive wooden structures. 
this without any coffer-dam, course, means that the masonry 
must built fast the caisson sinks, has kept 
above water. This means, first, delay waiting for the masonry, and 
secondly, that the weight masonry often greater than required 
for sinking, which dangerous. 

also means that the friction the sides the masonry from 
the surrounding material often sufficient break the fresh masonry 
joints; and again, stone masonry causes greater frictional resistance 
than plain greased boards. These are undoubtedly the reasons for 
giving the attempt build caissons without the use coffer-dams. 
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The first pneumatic caissons under sky-scraper were sunk for the mr. 


Manhattan Life Building, Broadway, New York City, 
Mr. Francis Kimball, the architect, was far-sighted enough 
insist rock foundation for his building, and, though was very 
severely criticised the time, most people have become convinced 
his good judgment, for pneumatic caissons are the only means 
which sky-scraper foundations can carried good hardpan bed- 
rock, lower New York City, without serious danger surrounding 
property. The only material above the hardpan quicksand which 
runs like water, and anybody who attempts hold back from 
ft. this stuff sheeting, etc., will find the results disastrous the 
pockets the owners the property. fact, great many thousands 
dollars have already been lost through the experiments novices, 
both the novices themselves and their clients. 

The caissons the Manhattan Life Building were iron 
plates and angles, without coffer-dams, the brick piers being started 
top the deck. 

Brick masonry has also been found open the joints, and allow 
the caissons and coffer-dams separate. Brickwork and stone masonry, 
good their day, have now, hoped, been entirely displaced 
concrete for caisson work, both above and below the deck. Wet 
requires little ramming inspection after mixing, 
while masonry stone brick cannot given sufficient inspection. 

timber costs much more than concrete, the less timber used, 
course, seemed show the greater saving, and was thought feasible 
replace the timber coffer-dams temporary forms, described 
the author. 

was soon found, however, that the apparent saving was very de- 
ceptive, for, the first place, the concrete has allowed from 
hours set, and the result that the sinking has inter- 
rupted several times, for several days, the men being put work 
elsewhere. change the men from one caisson another the 
middle shift is, course, waste time; and keep the air 
pressure caisson about twice long would necessary with 
coffer-dams obviously expensive, well dangerous, for when 
one working the air chamber the gauge tender and 
often has, become careless, allowing the pressure de- 
crease, with disastrous results, especially adjoining property. 

Another reason that, for economical sinking, necessary that 
the penetration should gradual but continuous; plunging couple 
feet time and then waiting for several hours gives the quick- 
sand chance flow against the sides the caisson and then adhere 
it. Naturally, the caisson stands still for couple days 
longer, this trouble much increased, and quite difficult start 
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again, and often requires great deal additional weight, usually 
the form pig iron, thus increasing the expense. 

minor objection the “forms” that they are usually con- 
nected iron angles together, and New York City the Unions 
insist upon this being done the Iron Union, thus making neces- 
sary keep high-priced gang for unskilled work. Therefore, the 
probabilities are that timber coffer-dams, from the top the caisson 
the surface the ground, will retained. 

The omission the timber steel roof often very decided 
saving; but some cases would not pay and others’it would 
dangerous, especially where would make the too heavy 
handled advantage. the caisson with its load too light, 


‘course, will not down, whereas too heavy will penetrate 


Mr. Brown. 


more rapidly than desired, and, matter fact, the cutting edge 
has frequently been forced into the ground until the entire working 
chamber has been filled with earth, This, course, would kill 
any the men who were unable escape, and would make the resump- 
tion work quite tedious, would necessary remove enough 
material make room for the men and the bucket. 

for the steel shafting, which expensive, often economical 
omit remove this; but here, again, the question extra labor 
and time will often overcome the advantages, and, the case 
5-ft. caisson with 3-ft. shaft, can easily understood 
that the omission the steel shaft would attended with consider- 
able risk, experience has proved, where the caisson and concrete 
have broken apart—an accident almost impossible rectify when 
caisson from ft. the ground. 

There have been several cases where this has occurred; and what 
assurance there that similar accidents have not occurred 
being detected 

short, even the most experienced men are often compelled 
learn experiment, while novices foundation work must cultivate 
very profound respect for earth and water pressures, pay the 


penalty, which one contract known the speaker amounted 
about $75 000. 

Brown, Am. Soc. E.—There little than can 
added this paper, especially considering the remarks made Mr. 
Skinner and Mr. Thomson, both whom are very con- 
versant with the subject. 

From the standpoint one whose experience has been closely con 
nected with the actual execution work this class, the fact the 
recent improvements methods cannot given too much importance. 

While true, stated Mr. Thomson, that there have beer 
great many improvements and changes very short period 
time, and that sometimes new ideas are tried and found unsatis- 
factory, still, make sure such points, actual trials are necessary. 
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One company New York City has tried and continually try- mr. Brown. 
ing new methods, for the purpose cheapening and bettering caisson 
construction, and out the many trials and investigations which this 
company has made have come some the recent improvements such 
Mr. Usina has illustrated. 

Not only have the cost the work and the excellence construc- 
tion been considered, but also the safety the workers. There now 
use shaft which, besides having the features described Mr. 
Usina, oval cross-section, with space one end for the passage 
the bucket and the other for ladderway permit the men 
pass and out without the risk being hit descending bucket. 
This has averted many accidents. 
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life remarkable professional activity, characterized conspic- 
uous public service, came its close when, May 12th, 1907, Charles 
Haynes Haswell died his home, 324 West 78th Street, New York 
City. 

Mr. Haswell was undoubtedly the oldest civil engineer the world, 
and had lived ten days longer, would have entered upon his 99th 
year. was elected Member the American Society Civil 
Engineers January 29th, 1868, and May 12th, 1905, was made 
Honorary Member, being one the forty men upon whom this dis- 
has been conferred since the organization the Society. 

son Charles Haswell, native Dublin, who was the 
British diplomatic service, and Dorthea Haynes, member 
prominent family the Barbadoes, was born May 22d, 1809, 
house which still standing North Moore Street, New York 
City. His education was obtained the best New York schools the 
time, and was liberal classical its character, school ap- 
plied science had yet been established the United States. 

the age nineteen entered the service James Allaire, 
who was the owner what was then the greatest steam engine works 
the United States. close application, acquired practical and 
thorough knowledge mechanical and marine engineering, and his 
excellent work coming the attention the United States Navy De- 
partment, was, 1835, employed prepare designs for the ma- 
chinery the United States Steam Frigate Fulton. had the satis- 
faction superintending the construction the engines and boilers 
this vessel, Chief Engineer, under commission signed President 
Jackson. Afterward, designed superintended the building the 
war-ships Missouri, Mississippi, Michigan and Allegheny, and num- 
ber revenue cutters. 

1843 Mr. Haswell was appointed the first Engineer-in-Chief 
the United States Navy, his administration which office was charac- 
terized devotion the highest professional ideals, absolute integ- 
rity, and rare efficiency. His uncompromising fidelity duty, inter- 
preted his ideals and standards, was not always appreciated those 
with whom had official relations, and 1851 resigned from the 
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naval service engage private practice New York City, 
civil and marine engineer. The modern steam yacht said have 
been created Mr. Haswell, the Sweetheart, which was probably 
the first vessel this type, was designed and built him Brooklyn, 
some time before 1840. 

While best known through his connection with steam and marine 
engineering, his work covered nearly all branches civil and mechani- 
cal engineering, and the author the “Engineers and Mechanics 
Pocket-Book,” which bears his name, was known throughout the 
world. This book was standard work its kind for more than sixty 
years, and passed through seventy more editions. was working 
his desk upon material for new edition, when, rising from his 
chair, fell and sustained injuries which resulted his death the 
following day. 

During the Civil War, Mr. Haswell was enthusiastic supporter 
the Union cause. Not only did the front the representa- 
tive “Committee Citizens New York” and direct the dis- 
bursement funds raised the Committee, mission requiring much 
tact and discretion, but was active service under General Burn- 
side, who recognized his excellent work his reports the Secretary 
War. 

His interest the affairs the city which was his birthplace and 
home was always keen and unselfish. From 1855 1858 was 
member the City Board Councilmen, and, during his last year 
service, presided over that body. served member 
number important commissions, and was one the Trustees the 
Brooklyn Bridge. From 1898 until the time his death was Con- 
sulting Engineer the Board Public Improvements and the Board 
Estimate and Apportionment. personally made the plans for 
and supervised the installation the heating and power plants for the 
public institutions Hart’s Island, and prepared plans for the enlarge- 
ment and improvement Riker’s Island: Until within few months 
his death, was regular his attendance his office, where 
large part his time was spent over the mahogany drawing board, 
which Mr. Haswell wrote 1904: 

“Tt has been use years without requiring trued. 
was executed the feat that has become historical both here and 
Europe, that the delineation the entire working drawings the 
engines and boilers the Steamer Powhattan, cylinders 
inches feet stroke piston, the demands upon time not 
admitting the delay making general drawing before furnish- 
ing those the detailed parts.” 

the summer 1904, then his 96th year, was retained 
expert examine and report upon boiler plant Chicago, where 
spent week making tests and preparing his report. 

Appreciation Mr. Haswell’s professional work was not confined 
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his own country. More than half century ago the Czar Russia 
sent him diamond ring, accompanied expression his thanks 
for services rendered the Imperial Government sending 
number plans and drawings. The engineers and naval architects 
Great Britain have frequently indicated their high regard for and deep 
obligations him, and during the visit members the Institution 
Civil Engineers America 1904, was the recipient conspicu- 
ous attention from them and their President, Sir William White. 
Those who went West Point with the visiting engineers will recall 
the fact that walked unaided, down the long line cadets, with the 
reviewing officers and guests, and his tall, erect figure was the most 
conspicuous the party. 

contributed several papers and discussions the Transactions 
this Society and the Minutes Proceedings the Institution 
Civil Engineers. 1897 published his “Reminiscences Octo- 
book which, while lacking continuity narrative, gives 
some admirable and interesting sketches New York City between 
the years 1816 and 1860, and affords evidence the refined tastes and 
admirable public spirit the author. 

Owing Mr. Haswell’s great modesty, rarely spoke his per- 
sonal achievements incidents which figured, and was 
difficult realize the important service which had rendered his 
profession and his country. the rare occasions when would 
indulge conversational reminiscences, was delightful. His early 
edueation, already noted, was the liberal sort, and there was 
refinement his manner and conversation which showed the influence 
that training. was familiar with the best literature, and his 
Latin quotations, while used without suggestion pedantry, fre- 
quently gave force his illustrations and charm his conversation. 
His bearing toward his associates and toward those who were many 
years his junior was characterized gentleness and uniform courtesy 
which made him delightful companion and always visitor, 
while his tall, slender figure made him conspicuous any assembly. 

With his keen appreciation the dignity his profession, his 
high sense personal honor, and his rare consideration for the feel- 
ings others, was admirable example the old-school, courtly 
gentleman the type which has become all too rare. 

Mr. Haswell, addition his membership this Society, was 
also member the following and social organizations: 
The Institution Civil Engineers; The Institution Naval Engi- 
neers Great Britain; The Naval Engineers the United States; 
The Municipal Engineers The City New York; The American 
Institute Architects; The New York Academy Science; The New 
York Microscopical Society; The Society Authors; The Engineers’ 
Club New York; The Engineers’ Club Philadelphia; and the 
Club New York. 


Memoirs. MEMOIR JAMES DUN 


JAMES DUN, Am. Soe. 


1908. 


James Dun was born September 8th, 1844, Chillicothe, Ohio, 
and there his early education was obtained. After being graduated 
from the Chillicothe Central High School, attended private school 
St. Catherines, Ontario, Canada. Later, returned Ohio and 
received his finishing education Miami University, Oxford, Ohio. 

Mr. Dun began his professional career 1866, member 
engineering corps working near Indianapolis, Indiana; later, was 
Instrumentman the survey for the old Louisiana and Missouri River 
Railway, between Louisiana and Cedar City, Missouri, now part 
the Chicago and Alton System. 

1867 was appointed Assistant Engineer the Atlantic and 
Pacific Railway, under Mr. Thomas McKissock, Chief Engineer. This 
road now part the Frisco System. 

From 1871 1873 Mr. Dun was Assistant Engineer the Missouri 
Pacific Railway, under Mr. James Way, Chief Engineer. From 
1874 1877 was Chief Engineer the Union Depot Company, 
and built its yards, and freight and passenger station the vicinity 
Twelfth Street, St. Louis, Missouri. 1877 was appointed 
Superintendent Bridges and Buildings the St. Louis and San 
Francisco Railway Company, and 1878 was appointed Chief Engi- 
neer the same system, also filling, for part the time, the position 
Acting General Manager, during the last illness Mr. 
Rogers, Vice-President and General Manager. 

1890 Mr. Dun was appointed Chief Engineer the Atchison, 
Topeka and Santa Railway, and 1900 was appointed Chief Engi- 
neer the Santa System. 1906 was appointed Consulting 
Engineer the same system, which position held the time his 
death, which occurred February 23d, 1908, Augustine, 
Florida. 

Mr. Dun was elected Member this Society June 7th, 1876. 
was also member various other technical societies, including 
the Engineers Club St. Louis, and the Western Society Civil 
Engineers, Chicago. 

His professional reputation was international, and the Frisco and 
Santa Systems show to-day the characteristics his work. The 
writer sustained social and official relations with Mr. Dun from 
1869—not continuously, but nearly so—and all those years has never 
seen Mr. Dun’s enemy nor heard unkind criticism. 

Broad-gauged, liberal-minded, and with spotless integrity, rec- 
ognized his work and performed the letter. Accurate and resource- 
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ful, with keen mind for details, and fund information acquired 
long and varied experience, was especially well qualified sustain 
the confidential relations with his superior officers which held for 
many years before his death. Loyal, kind and generous, was 
most charming companion. 

Born gentleman, developed into the highest type manhood. 
Full sympathy for all with whom came contact, was never 
too busy give time the trouble his friends, nor counsel the 
young graduate who was looking for opportunity. 


One his friends—a prominent railroad man who had known him 
intimately for more than thirty years—writes follows: 


never knew him wrong. His integrity was like the sun’s 
rays; came swift from soul fire. Nothing deflected him from 
the straight course. with all men trouble, 
and appreciated the infirmities human nature; but never could 
understand why men were dishonest. The men this world who have 
never been swerved from the right either passion covetousness 
have been few: James Dun the only one ever knew.” 


The high esteem which was held his associates cannot 
better summed than the words old roadmaster who 
worked under his direction for many years; upon being told Mr. 
Dun’s death, remarked: “There may have been better man, but 
never met him.” 
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MINUTES MEETINGS 
THE SOCIETY 


May 20th, 1908, M.; 
President Charles Macdonald the chair; Chas. Warren Hunt, Secre- 
tary; and present, also, 149 members, and guests. 

paper Charles Gowen, Am. Soc. E., entitled “The 
Effect Temperature Changes Masonry,” was presented the 
author. The paper was discussed Messrs. George Honness, Thad- 
deus Merriman, William Lowe Brown, Charles Macdonald and the 
author, Mr. Honness illustrating his remarks with lantern slides. 
The Secretary announced the following deaths: 


elected Member, February 5th, 1896; died 
May 12th, 1908. 
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FREDERICK elected Associate Member, January 
3d, 1900; Member, May 3d, 1904; died April 27th, 1908. 

Bouton, elected Fellow, December 30th, 1872; died 
April 3d, 1908. 


Adjourned. 


June 1908.—The meeting was called order 8.45 
President Charles Macdonald the chair; Chas. Warren Hunt, Secre- 
tary; and present, also, 209 members, and guests. 

The minutes the meetings April 15th and May 6th, 1908, were 
approved printed the Proceedings for May, 1908. 

Frederick Snare, Assoc. Am. Soc. E., delivered address 
Cuba. The lecture was illustrated with lantern slides, and related 
Engineering Construction Work and the General Characteristics the 
Island. 

Ballots for membership were canvassed, and the following candi- 
dates elected: 


Harry Dalton, Pa. 

Perry Brown, Oakland, Cal. 

Frep New York City. 
Tuomas New York 
Freperick Scott Coox, Yonkers, 
WHEELER Cowan, Denver, Colo. 
JOSEPH EMMANUEL CRAWFORD, Roanoke, Va. 
Horace Hovey New York City. 
Frep Portland, Ore. 

Hunter, Denver, Colo. 

Henry East Pittsburg, Pa. 
Kansas City, Mo. 
Davin Pittsburg, Pa. 
Homer Norton, Ridgway, Pa. 

Ray, Scranton, Pa. 


MEMBERS. 


New York City. 
New York City. 
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Jupson Baker Boise, Idaho. 
Bos, San Francisco, Cal. 
Van Noy Brancu, Pathfinder, Wyo. 
Dana Emerson, Boston, Mass. 
Farrar Little Rock, Ark. 
CLEMENS Cleveland, Ohio. 
JAMES CALDWELL Park, Cranford, 
ALLEN Swissvale, Pa. 
Putnam New York City. 
Branson Cleveland, Ohio. 
Martin Kingston, Jamaica, West 
Indies. 


JAMES Curtis, Worcester, Mass. 


The Secretary announced: 


The transfer the following candidates the Board Direction 
June 2d, 1908: 


From MEMBER MEMBER. 


San Francisco, Cal. 

San Francisco, Cal. 
Epwin ALEXANDER Uxbridge, Mass. 


The election the following candidates the Board Direction: 
4 

Juntors. 

March 3d, 1908: 


Hector San Francisco, Cal. 
Granite, Colo. 
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May 1908: 


Homer Hines, Matoaka, Va. 

ALEXANDER ALLEN Saratoga, Cal. 


June 2d, 1908: 


Grover CHARLES Brown, Buffalo, 
JOSEPH GALLAGHER, Mobile, Ala. 
Ft. Dade, Fla. 


The Secretary announced the following deaths: 


Epwin Evans, elected Member, May 2d, 1888; died April 
14th, 1908. 


elected Member, October 2d, 1907; died 
May 1908. 


Anson elected Member, September 6th, 1905; 
died May 26th, 1908. 


Adjourned. 


ELECTIONS MEMBERSHIP 


The following candidates were elected ballot canvassed July ist, 
1908: 


Tuomas Berry, Paulo, Brazil. 

Henry Byam, New York City. 
Mexico City, Mexico. 
Lynn Frederick, Md. 

Martin Green, Holyoke, Mass. 
Ernest Seattle, Wash. 
Lea, Montreal, Canada. 
Byron Spokane, Wash. 
Harry Sarrorp, Chicago, 
Henry New York City. 


MEMBERS. 


New Orleans, La. 
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Larrison, Manila, Philippine Islands. 
JESSE Matson, Jefferson, Ohio. 

Henry Pratt, New York City. 

Van Des Moines, Iowa. 

New York City. 


FORTIETH ANNUAL CONVENTION 
HELD DENVER, COLO., JUNE 23d-26th, 1908. 


FIRST SESSION* 

Tuesday, June 23d, 1908.—10 M.—The first meeting, which was 
largely attended, was held the Senate Chamber the State Capitol 
Building, Denver, Colo., and was called order Thomas Jaycox, 
Am. E., Chairman the Local Committee Arrange- 
ments, who introduced his Excellency, Governor Henry Buchtel, 
who the Society Denver behalf the State 
Colorado. 

Mr. Jaycox then introduced Hon. Henry Lindsley, City Attorney 
Denver, who made address welcome behalf the City 
Denver. 

the conclusion this address Charles Macdonald, President, 
Am. Soc. E., delivered the Annual Address. 


BUSINESS MEETING 


Second Session the Convention, Tuesday, June 23d, 1908.— 
The meeting was called order 8.15 President Charles 
Macdonald the chair; Chas. Warren Hunt, Secretary; and 
present, also, about 125 members and guests. 

The Secretary presented report giving the result the sug- 
gestions members the Time and Place for holding the Annual 
Convention 1909.+ 

motion, duly seconded, the matter the selection the Time 
and Place for holding the next Annual Convention was referred 
the Board Direction with power. 

The Secretary presented the report committee, appointed 
resolution the last Annual Meeting, which was referred for report 
the following Amendment the 


For the report full this and the Business Meetings, see page 247. 
See page 264. See page 267. 
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“Amend Article III the Constitution follows: 


Strike out the last four words the first paragraph Section 


direct ballot,’ and insert their place vote thereon 
ballot.’ 


“Amend Section the same article read follows: 


the Board Direction. They shall mailed each member the 
Board Direction, and shall state the date which the ballot 
canvassed, which shall not less than twenty days after the issue 
the ballot. least twenty-five votes must cast constitute 
election. Five more negative votes shall exclude from election. 
case exclusion, notice thereof shall entered the minutes, 
but the candidate shall 

Add Article III, Section reads the proposed amend- 


ment, the rejected applicant may renew his application 
for membership transfer any time after the expiration one 
year from the date the ballot rejecting his previous application.’ 


Amend Article Section Paragraph follows: Strike out the 
words, Juniors,’ also the words, ‘Corporate Members,’ and 
substitute for the words, Members,’ the words, Board 
Direction,’ that the paragraph will read follows members 
other than Honorary Members shall admitted the Society only 
vote the Board Direction, hereinafter specified.’ 

Article III, Section Paragraph strike out the word 
before the word and substitute the word also, strike 
out the words, ‘of Junior,’ following the word also strike 
out the words, except that Junior’ the second line, that the 
paragraph will read: The Board shall have the power elect persons 
any grade, and transfer persons from any grade higher grade 
membership, and shall notify the membership its action.’ 


letter from the Chairman that Committee, Robert Moore, 
Am. Soe. E., transmitting the report, was also presented the 
Secretary.* 

The report the Committee, motion, duly seconded, was 
received, and ordered filed. 

The matter the Proposed Amendment the Constitution was 
then fully discussed, and the Amendment was further amended 
striking out the word “Five” and substituting therefor the word 
“Three” the sixth line the fourth paragraph, that the sentence 
shall read: “Three more negative votes shall exclude from election.” 

The amendment, amended, was, vote 15, ordered 
sent out that form letter-ballot the whole Society. 

motion, duly seconded, the report the Committee the 
matter this Proposed Amendment was ordered printed and dis- 
tributed the membership with the letter-ballot. 

motion, duly seconded, the Secretary was instructed request 
the two members the Committee who had declined sign the 


See page 270. 
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report express their views, and send out those views with the 
statement issued with the letter-ballot. 

The following Amendment, which was proposed Clemens 
Herschel, Am. Soc. E., and others, accordance with Article 
IX, Section the Constitution, was then considered. 


“Amend Section Article III follows: 


the word the 5th line thereof insert the 
words: and after the word the same line, insert 


the words: ‘of all the votes cast.’ that the new sentence shall 
read: 


more negative votes all the votes cast shail 
exclude from election.’ 


motion, duly seconded, this Amendment was amended read 
follows: 


“Negative votes equal one per cent., the whole number 
nearest one per cent., the total Corporate Membership the 
time voting shall exclude from election.” 


The Proposed Amendment, amended, was then referred 
Committee, appointed the President, report the next 
Annual Meeting. 

The following Amendment, proposed Wilkins, Am. 
Soe. E., and others, prescribed Article IX, Section the 
Constitution, was then considered: 


“Amend Article the Constitution follows: 


the word second line, Section 12, Article VI, and 
insert its stead the words except further provided this para- 
graph.’ 

Add Section 12, Article VI, after sentence ending 
appointed the Board Direction,’ the following separate sentence: 


Whenever, the judgment the Board Direction, special 
committee, appointed the above prescribed manner, reason the 
long time required for its appointment, defeated its object 
and avail, then the Board Direction shall authorized 
appoint forthwith special committee act each case and report 
each subject; the Board Direction report its action the 
Society its next regular meeting.’ 


“Amend Article VII the Constitution follows: 


Section Article VII, after sentence ‘the Board 
Direction may prescribe the mode procedure for appointing this 
Committee,’ the following: ‘and fill any vacancies occurring.’ 


motion, duly seconded, this proposed amendment was ordered 
sent out letter-ballot the membership. 


the matter the proposal 


“That Special Committee appointed (as provided for 
Article VI, Section 12, the Constitution), investigate steel 
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columns and struts, and report upon their design, ultimate 
strength and safe working values, and that the matter referred 
the Board Direction,” 

The Secretary presented the Report the Board Direction* 
giving arguments for and against the proposition, and the 
tion the Board, that Special Committee appointed “To consider 
and report upon the design, ultimate strength, and safe working values 
steel columns and struts.” 


motion, duly seconded, the recommendation the Board was 
adopted and letter-ballot was ordered. 


Adjourned. 


Third Session, Wednesday, June 24th, 1908.—8 
Charles Macdonald the chair; Chas. Warren Hunt, Secretary; and 
present, also, about 250 members and guests. 

Newell, Am. Soc. E., addressed the Society the 
subject “Water Storage and Distribution,” accompanying his ad- 
dress with numerous lantern-slide illustrations. 

Follett, Am. Soc. E., then addressed the meeting 
describing Irrigation work the Imperial Valley, Brownsville 
Country, and the Rio Grande project. 


Adjourned. 


Fourth Session, Thursday, June 25th, 1908.—10 M.—President 
Charles Macdonald the chair; Chas. Warren Hunt, Secretary; and 
present, also, about 150 members and guests. 

Arthur Blanchard, Assoc. Am. E., opened informal 
discussion the following subject: “The Maintenance Macadam 
and Other Roads.” 

The Secretary read written communication the subject from 
Mr. John Rablin, Engineer, Metropolitan Park Commission. 
discussion the same subject Mr. Wedgeworth was, owing 
shortness time, presented title only, and the subject was 
further discussed Messrs. James Owen, Ira Baker, Nelson 
Lewis and Houston. 

The subject the Mining Metals was then taken up, and 
paper Hawkins, Esq., was read Wilkinson, Am. 


Adjourned. 


Fifth Session, Thursday, June 25th, 1908.—2.30 M.—President 
Charles Macdonald the chair; Chas. Warren Hunt, Secretary; and 
present, also, about 150 members and guests. 

The subject Irrigation was taken topic for discussion, 
the opening address being made George Anderson, Am. Soc. 

*See page 290. 
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The subject was further discussed Messrs. Newell, 
Gardner Williams, Finkle, and Davis. 

Ira Baker, Am. E., expressed informally the appreci- 
ation the Society and its individual members and guests their 
cordial reception, and the well-arranged programme prepared for 
their entertainment, and offered resolution that the Board Direc- 
tion requested make formal acknowledgment all those who had 
contributed the success the Convention, which motion was carried 
unanimously. 

motion, duly seconded, the Convention then adjourned. 
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THE BOARD DIRECTION. 
(Abstract.) 


June 2d, Macdonald the chair; Chas. Warren 
Hunt, Secretary; and present, also, Messrs. Bensel, Gibbs, Harrison, 
Hazen, Horton, Knap, Schneider, Smith, and Tillson. 

The following resolution, adopted the Society Meeting March 
4th, 1908, was considered: 


“That Special Committee appointed (as provided for Article 
VI, Section 12, the Constitution), investigate steel columns and 
struts, and report upon their design, ultimate strength and safe 
working values, and that the matter referred the Board 
Direction 
and report the Board the subject, for presentation the 
Society the Fortieth Annual Convention, was adopted. 

The President was authorized appoint Committee 
the Award Prizes for the year ending with the Transactions for 
July, 1908. 

Clifford Richardson, Am. Soc. E., was appointed delegate 
the International Road Congress held Paris, October 11th, 
1908. 

Action was taken regard members arrears for dues. 

Applications were considered, and other routine business trans- 
acted. 

Four Associate Members were transferred the grade Member, 
and three candidates for Junior elected. 

Adjourned. 


June 23d, 1908.—10 M.—The Board was called order, re- 
quired the Constitution, the Annual Convention, June 
23d, 1908, Denver, Colorado; President Charles Macdonald the 
chair; Chas. Warren Hunt, Secretary; and present, also, Messrs. An- 
drews, Bensel, Smith, Storey, Swain, and Williams. 

The Constitutional requirement for quorum the Board 
Direction meeting held during the Annual Convention being nine, 
and quorum being present, the Board adjourned. 
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REPORT FULL THE FIRST SESSION THE FORTIETH 
ANNUAL CONVENTION, AND THE BUSINESS MEETING, 
HELD THE SENATE CHAMBER THE STATE 
CAPITOL COLORADO THE CITY 
DENVER. 


FIRST SESSION. 


Tuesday, June 23d, 1908.—The meeting was called order 
M., Thomas Jaycox, Am. Soc. E., Chairman the 
Local Committee Arrangements, who introduced His Excellency, 
Governor Henry Buchtel, Colorado, who addressed the Society 
follows: 

Chairman, Ladies and Gentlemen: 
very proud have the opportunity welcome Colorado the Ameri- 
Society Civil Engineers. The habit accuracy which 
developed your profession element very much needed the 
life our nation. you are gratified, are all gratified, 
note that the Civil Engineer our time very much the public 
eye. The Panama Canal, the great programme the Government 
the Reclamation Service, our irrigation projects the West, and 
thousand other things, have brought the Civil Engineer conspicuously 
the front. One the earliest definitions your profession, which 
you have been accustomed carry pasted your hats, notifica- 
tion that the civil engineers constitute very respectable element 
the population. 

was told this morning that everything had been made free you 
except two things. One these things the circus, which has not 
presented you with tickets; but not think you need wait long 
for invitation the circus. you will just follow friend, 
Walter Juan Davis, will see that everybody connected with this 
Society passed into the circus. (Laughter.) The other diversion 
which has not been provided this: understand that the water 
company has not furnished free baths. Just this time, five the 
most distinguished members your Society are making effort 
estimate the value the water plant, any courtesies this sort 
were extended, you can very readily see that might looked upon 
unprofessional for you accept them; and you have not been 
offered free baths, account the fact that was desired avoid 
giving you any embarrassment which would necessarily result such 
tender had been made. However, there are some localities Colorado 
where there embarrassment that sort. all our hot springs, 
which have more than any other equal area earth, you 
will furnished free tickets—at Glenwood Springs, Pagosa Springs, 
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Ouray, and every place else, and you will disposed say what the 
editors have said who have taken the baths, that the waters Colorado 
have certain properties unknown any other waters earth—that 
you can wash the stain out man’s character. (Laughter.) 

welcome you the city. not need tell you any more about 
how fine you are, because you know that yourselves. You knew 
before you came, and you know now, and you will know after 
you away. But want certify that when you are remarking 
the fine quality your profession, and the fine quality the 
men engaged your profession, that the half has never been told. 
you may understand that trying multiply your own estimate 
yourselves two. 

Now, you will find, while you are here Colorado enjoying the en- 
tertainment which has been provided for you—plans and specifications 
were all made out advance your coming, and they were examined 
and corrected and K.’d and approved—you will find that the 
Colorado people will talking with very great appreciation about 
Colorado. will tell you why they that. Anybody within the limits 
Colorado who does not talk appreciation Colorado immedi- 
ately discredited. happens politician just throw him 
out. immediately discredited, and have committee ap- 
pointed drown Cherry Creek anybody who does not talk this 
glorious State ours (laughter), that will explain. And the civil 
engineers have provided way which can that. They have 
put some dams down Cherry the dams have 
Colorado are not Cherry Creek, but then have some down there. 
They have provided method which can drown anyone who 
does not speak with appreciation about our beautiful State. The finest 
climate earth here. You never before your lives sat 
morning like this such delicious atmosphere this. mean 
say that have the finest climate earth city. You can find 
this climate out among jack rabbits some other States, but 
other place earth can you find climate like this city 
200 000 people, with three hundred miles mountain range within 
sight. So, whenever you want move from where you now reside, 
invite you move Colorado, and shall make you happy, 
because have certain engineering problems here which have never 
been able solve. One them this: want find group 
engineers who will bring the Detroit River past Denver. (Laughter 
and applause.) And while group engineers shall working 
that problem bringing the Detroit River—a mile wide, isn’t it, and 
sixty feet deep—well> does not make any difference were 
only thirty feet deep and half mile wide—we will satisfied you 
know. the meantime, would like have another group 


REPORT FULL THE BUSINESS MEETING 249 


engineers tunnel the mountains and bring the Grand River through 
this side, account the fact that need our business, 
and they not need the other side. need here. 

are glad see you. want you very happy, and 
want you ask for anything that you not see that you may want. 
sure, however, that engineer will able find some way 
get everything that wants. (Applause.) 

Mr. Jaycox then introduced the Honorable Henry Lindsley, City 
Attorney, who made the following address behalf 
the City Denver: 

Hon. Henry Chairman, Members the Ameri- 
Society Civil Engineers, Ladies and Gentlemen: You notice, 
address the ladies. have equal suffrage Colorado, and they 
are just important the men. was struck with the thought that 
Governor Buchtel made his speech inopportune time. 
looked out over this assemblage occurred that you were rather 
cleanly lot; and why all this talk about water and baths? should 
have saved that talk until the great unwashed got here next week. 
(Laughter.) The only explanation can think that the Governor 
never thinks anybody clean unless Methodist Republican. 
was not sure your religion your politics thought bath 
would not you any harm. 

instructed the Mayor express his very great regret 
the fact that reason the press public business has been 
unable attend this meeting. really good speaker, and 
very poor substitute, and realized that fact, which increased his 
regret. When Mr. Jaycox, the State Engineer, came and asked 
yesterday afternoon deliver address this morning, 
told me, “Bear mind you represent only one-third the population 
the State Colorado, and Governor Buchtel always talks long 
time, make your speech one-third the length his.” told him 
that did not know what could that line. said: “Now 
you can write anything you want, and put our Proceedings, and 
you can say anything you want that you not want into the 
Proceedings.” was the embarrassing position having 
prepare two speeches. wrote one speech, and then last night thought 
out another one. This morning went over both them, and could 
not make mind which deliver, order not the 
Proceedings this Society having something that you not 
want, thought would make both speeckes, and let you decide which 
you want. But will say you that will take more than 
third the time occupied the Governor Colorado. 

The word “Welcome,” wherever spoken, whatever language, and 
all climes, delights the ear the weary wanderer, conveys always 
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unmistakably kindly greetings and whole-souled invitation partake 
the hospitality and the guest the person speaking it. 

The fame Denver’s hospitality, well its natural beauty, 
and the cordiality its people, has grown such extent, and its 
fame convention city has been bruited abroad, that many 
conventions each year honor with their presence. 

That there may misunderstanding misapprehension about 
Denver’s hospitality, have built bronze arch the foot 
Seventeenth Street, front the Union Depot, and upon that arch 
have inscribed the word “Welcome.” 

Denver glad welcome, not only all conventions which seek 
her hospitality, but all strong, energetic and brainy men and women 
who come here help build great empire the Arid West, 
build the resources our wonderful State, and help make this 
city the Paris America. 

all conventions which have been our guests, feel especially 
honored your presence; extend you our cordial greetings, 
hearty hand clasp, and warm welcome. 

Your convention makes brains what lacks numbers. 
Any city might well feel honored the presence such distinguished 
guests. 

lawyer works with his brain and his tongue; important 
factor our civilization, preserving justice and the rights exist- 
ing property interests, procuring enforcement the law alike all. 
creates new values that add the store the country’s wealth; 
while the engineer works with his head, his hands, and his tongue. 
The result his work seen our great steel buildings, our bridges, 
and the many miles railroad track which render possible the develop- 
ment the resources our country. 

Outside the early pioneers, class citizens has done much 
develop the resources our country have the members your 
profession; nor does this apply the United States alone, but the 
whole wide, round world. 

Therefore, desire, the name Denver, not only bid you 
welcome cordially and heartily, but, doing so, acknowledge the 
wonderful part you have played the advancement civilization, 
and especially rendering possible the rapid development the 
wonderful resources the Arid West. 


Charles Macdonald, President, Am. Soc. E., said few words 
expressing the appreciation the Society for the cordial welcome 
tendered, and then delivered the Annual Address the President, 
follows: 
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ANNUAL ADDRESS THE PRESIDENT. 
1886-1908. 


Twenty-two years ago the American Society Civil Engineers 
held Convention this City upon the joint invitation their 
Denver brethren, the Denver Chamber Commerce, and His Ex- 
cellency, Governor Evans, Colorado. 

The recollection that memorable occasion has remained fresh 
have inspired the desire repeat the visit order that may 
more fully appreciate the tremendous strides that have been made 
this brief interval twenty-two years. Denver was young 1886— 
with scarcely people all told, but with evidences power and 
potency which gave promise greater things come, and these are 
the things which are now permitted examine for ourselves, and 
offer our congratulations the wonderful results accomplished. 

mention but few them: the population has increased three- 
fold twenty-two years; the assessed value property, which was 
$30 610 1886, $122 585 925 to-day; and the best evidence 
prosperity noted the increase bank deposits from 000 000 
would foreign our purpose enlarge upon the 
records progress everywhere evidence; suffice say, that 
the controlling reason which induces the Society meet Conven- 
tion annually different parts the country present object 
lessons such this its membership order that organization 
may kept fully abreast the times. 


American ENGINEERS, 1886-1908. 


examination our own rate progress during the past twenty- 
two years furnishes gratifying evidence the success the policy 
pursued the management the Society. 

1886, the total membership was 925, which there were but 
the entire State Colorado, while present the membership 
upwards 4600, whom are residents this State, being 
the City Denver. 

The Society first began the publication papers 1867, but 
was not until November, 1873, that regular monthly publications were 
issued. The current volume completes the 66th volume 
library which second none professional interest, result 
which largely due the untiring energy and administrative ability 
our Secretary, Mr. Chas. Warren Hunt. 


President’s 
Annual 
Address. 
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FUNCTION THE ENGINEER. 


The question naturally arises, what have engineers done since 1886 
which special signification? Perhaps the most important result 
engineering activity the increase railway mileage from 137 615 
235 409 the United States alone. When considered that the 
total mileage railroads the world the present time approxi- 
mately 570000, the proportion constructed American engineers is, 
say the least, creditable. The result this enormous increase 
facilities for internal communication has developed problems In- 
terstate Commerce which have put strain upon the Constitution 
the United States itself, well upon those the several States, 
which bids fair approach almost the elastic limit. 

construct railroad involves knowledge Nature’s laws. 
exact science, and the result should insure the development 
traffic upon lines least resistance, and, consequently, the least 
cost; but judging from the experiences through which are passing, 
the problems utilizing these mighty engines developing the re- 
sources the country through which they pass, have not been treated 
with that due regard for the immutability natural law that has 
characterized the work the Engineer. 

Conflicts have arisen between the sovereigns whom powers were 
granted construct the properties, and the managers these prop- 
erties, the right fix rates transportation upon them, result- 
ing serious paralysis business throughout the country, which, 
for the time being, threatens retard further development until these 
differences are settled upon some equitable basis. 

careful examination the methods employed fixing traffic 
rates must convince liberal observers that general principle law 
has obtained. Traffic managers have too often been governed their 
individual opinions what the rate should be, and the amount 
business they could secure, irrespective the interests the people 
whole from whom they originally derived the right fix any 
rate. The result has been, might have been expected, discrimination 
favoring certain localities and individual shippers, which has aroused 
the whole country the necessity framing such laws will pro- 
tect the rights all the people the use the franchises which 
have been granted their representatives. 
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has been said that the construction railway exact 
science, and while cannot claimed with equal propriety that the 
management can formulated equally exact lines, 
nevertheless the duty those control investigate the general 
principles involved, which, applied, will result establishing 
harmony where now deplorable conflict exists. 

this connection, what the function the Engineer? 
fore, with few exceptions, has been content fulfill the duty 
executive officer merely, obedience instructions from the financial 
interests controlling, without regard questions political economy 
involved subsequent management. 

This not the highest ideal which should attain. 
engineer material only but subordinate element profes- 
sion which has contributed, and will continue contribute, more the 
advancement civilization than all others combined. Rather should 
strive become engineer men, pointing out lines activity, 
based upon scientific principles, which permit discriminations 
unfair advantages favored interests. There should guess- 
work his study problems transportation, but should have 
ever before him the example such men the late Albert Fink, Past- 
President, Am. Soc. E., who early 1874 was able evolve 
system for the management traffic this country, which could 
have been crystallized into the law the land, would have been 
hailed all parties interest equitable deliverance from such 
disastrous complications now beset us. 

Again, the management employees, the Engineer best 
equipped education and experience for settling differences between 
employer and employed. single instance will suffice illustrate. 
recent predecessor mine, then officer one the most im- 
portant trunk lines the country, was called upon the representa- 
tives the Boilermakers’ Union the line his road, who, with 
imperious swagger, demanded immediate advance wages. There 
was discussion the subject, and unless their demands were 
acceded strike would needless refer what actually 
did follow, but the result was that every one those men who came 
with blood his eye, departed with the humble request that they 
might permitted shake the hand gentleman. 

must evolve more men the type above referred would 
render the best account our stewardship. 
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The late Lord Kelvin, when this country some years ago for the 
purpose advising the best means utilizing the water power 
Niagara, was asked what effect the withdrawal much water 
from the Falls would have upon the natural beauty the cataract. 
His reply was that the true engineer: “What has that got 
with it? consider almost international crime that much 
energy has been allowed waste.” 

similar question arose connection with the construction the 
dam across the Nile Assouan. all over the world 
raised protest against the project, because, forsooth, the ruins 
the Temple Phile would submerged for six months the 
year. venture say that all the visitors Egypt not one 
thousand but would far rather inspect the graceful lines that superb 
work, and picture themselves the inestimable benefits accruing 
the hundreds thousands tillers the soil the valley below, 
than gaze for few passing moments upon the crumbling remains 
Grecian temple two thousand years old. Engineers will naturally con- 
sign all such archaic questions the oblivion the past, and con- 
cern themselves with that which confers the greatest good upon the 
greatest number. This line thought naturally leads the considera- 
tion subject which attracting special attention this time. 

The President the United States, letter dated January 14th, 
1908, invited John Hays Hammond, President, American Institute 
Mining Engineers; Minard Lafever Holman, President, American 


‘Society Mechanical Engineers; Henry Gordon Stott, President, 


American Institute Electrical Engineers, and the speaker, at- 
tend Conference the Governors the several States, with their 
experts, held the White House, May 13th-15th, for the purpose 
considering the question the Conservation the Natural Re- 
sources the Country. 

this conference these four Presidents Engineering Societies, 
representing approximately 20000 American engineers, recommended 
the following resolutions for adoption the Conference: 


“Resolved: That this Conference places record its conviction 
that conserve and protect from waste and destruction the natural 
wealth the United States mines, forests, lands, and waters 
vital necessity the public welfare. Action this matter has been 
too long delayed, and vast loss has resulted consequence, notably 
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the destruction wrought forest fires, floods, and the ruin lands 
whose fertility and crop-bearing power has been lost. This unfortunate 
destruction part the natural wealth with which this virgin con- 
tinent was originally stored makes all the more necessary that wise 
action taken check further loss. 

“2. Though recognizes the imperative need for prompt action, 
this Conference impressed with the difficulty framing legislative 
acts which shall result the largest measure public benefit. The 
problems presented are many them new and unprecedented. 
probable that action both the Federal Government and the in- 
dividual States will essential, and may also possible suitable 
laws enlist the aid private enterprise. But decide upon the 
proper distribution responsibility and frame laws which shall not 
work injury well benefit matter demanding most careful 
study and investigation men high standing and expert qualifi- 
cations. 

“3. While certain individual measures may already such 
shape that action upon them may wisely taken, this Conference holds 
that for the guidance legislators, both State and Federal, thorough 
investigation and study should made National and State Com- 
missions constituted that their conclusions and recommendations 
will everywhere recognized authoritative and made solely the 
interest. 

This Conference, therefore, urges upon Congress and the State 
Legislatures the enactment laws authorizing the President and the 
Governors, respectively, create National and State Commissions 
investigate and report upon what measures should taken conserve 
the National and State natural resources. 

“These commissions should report the earliest possible date con- 
sistent with the thorough performance their work, order enable 
the President and the Governors transmit with recommendations their 
reports Congress and the State Legislatures for such action may 
seem advisable protect our natural resources from further spoliation 
and destruction, and secure such economy their use will pre- 
serve for coming generations the foundations prosperity. 

“5. order insure the harmonious co-operation all the Com- 
missions, this Conference requests the President call another Na- 
tional Conference such time may seem most advisable. 

secure the most efficient organization for handling the Na- 
tional problems which the reports these Commissions will inevitably 
raise, this Conference recommends for the consideration the Presi- 
dent and Congress the formation Department Public Works 
which these and other engineering matters could referred, and 
which the State Commissions could apply for information and assist- 
ance.” 


These resolutions were duly referred the Committee Resolu- 
tions the Conference, and were favorably received that body. 
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will observed that the crux the recommendations rests 
Clause 6—advising the formation Department Public Works, 
which would naturally include under its jurisdiction all works 
Public Utility classed under the heads Improvement Water- 
ways and Harbors, Irrigation, Hydraulic Development, Drainage, etc., 
now distributed through the Departments War, Interior, Agricul- 
ture, and Commerce and Labor. 

the time was written, were not aware that bill had already 
been introduced the Hon. Ransdell, Louisiana, having this 


object view, and that his introductory speech very powerful 


arguments had been given favor its passage. was scarcely 
expected that this bill could passed this session, but members 
are earnestly requested read carefully the arguments the Honor- 
able Gentleman from Louisiana, and consistent with their own 
views, urge upon their Representatives the passage such bill. 
The general result the Conference has been arouse public interest 
never has been roused before, and hoped that the engi- 
neers the country will realize their opportunity exert potent 
influence framing such legislation may best suited the ac- 
complishment the desired ends.* 


AGRICULTURE. 


Having become farmer myself, may perhaps permissible 
refer the possibilities adding new qualifying adjective the 


subdivisions the profession. can proved that two blades 


grass can grown where one has heretofore been found the limit, 
certain that the sources power Nature have been scientifically 
utilized, and the general wealth the country correspondingly in- 
creased. This surety can accomplished the engineer will but 
turn his attention Agriculture adjunct the creative work 
with which has become familiar the construction lines trans- 
portation, irrigation and drainage. 

Quoting from the admirable paper read before the recent Conference 


“Tn other important country the world, with the exception 
Russia, the industry that must the foundation every state 


this point President Macdonald read letter him from President Roosevelt 
this subject. See page 259. 
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every other country, gave average yield for the whole United States, 
during the ten years beginning with 1896, 13.5 bushels wheat per 
acre. Austria and Hungary each produced over bushels per acre, 


France 19.8, Germany 27.6, and the United Kingdom 32.2 bushels per 
acre.” 


This appalling statement which, unfortunately, cannot con- 
troverted, but the explanation simple, and the remedy easily obtain- 
able. have been single cropping our soils until they have become 
unsanitary, and have failed make use suitable methods cul- 
tivation. corroboration this, quote again from Mr. Hill’s paper: 


“At the experiment station the Agricultural College the Uni- 
versity Minnesota, they have maintained plots ground, adjoin- 
ing one another, and nearly identical soil, cultivation and care 
scientific handling can make them. these have been tried, and 
compared, different methods crop rotation and fertilization together 
with single cropping. The results years’ experiments are now 
available. tract good ground sown continuously for years 
wheat, the average yield per acre for the first five years was 20.2 bushels, 
and for the next five 16.92 bushels. Where corn was grown continuously 
one plot, the average yield was bushels, while adjoining 
plot where corn was planted but once five years system rota- 
tion, the average yield the latter for the two years was under corn 
was 48.2 bushels per acre.” 


Evidence such this should not ignored, especially the engi- 
neer who would aspire control the properties which has created. 
not enough that should construct new lines communication 
whereby virgin soil can rendered productive, but must furnish the 
incentive would-be settlers maintain and improve the productive 
capacity the soil rather than allow become exhausted im- 
proper cultivation. 

This simple commercial proposition. the products the 
soil are allowed decline steadily, the freight handled over tributary 
lines communication will certainly follow suit, and inducements 
capital, for further extensions, will prove more and more difficult 
obtain. 
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ENGINEERING IDEALS. 


whatever branch the profession which may engaged, 
whether call ourselves Civil, Mechanical, Mining, Electrical, Mili- 
tary, Naval, even Agricultural Engineers, the only safe guide 
strict adherence Nature’s law least resistance. From the begin- 
ning time, every particle matter has followed the exact resultant 
contending forces, without deviating hair’s breadth from course 
which has permitted attain position equilibrium with the least 
expenditure energy, resulting the most expressive, and therefore 
impressive, 

Whether the growth tree, the flow river, the 
slow but certain modifications mountain forms, the operation this 
law Nature has resulted the combination the beautiful with 
that which good and true. If, therefore, the Engineer would attain 
the highest excellence his profession, must utilize the sources 
power Nature effect the greatest good the least cost. 

must combine strength and durability with attractive outline 
and artistic excellence. not sufficient that bridge, for example, 
shall strong enough carry its load. Any engineer who familiar 
with the laws statics can calculate the strains, and proportion the 
material for given diagram bridge which the number panels 
and relation height span taken arbitrarily. The structure 
proportioned will strong may desired for the purpose, but 
the diagram chosen does not present pleasing appearance, 
will found that more material has been expended than would have 
been the case more artistic arrangement had been adopted. Again, 
cases where the number piers not restricted, the proper re- 
lation cost superstructure cost substructure has not been ob- 
served, the total cost completed structure will excess scien- 
tific requirements. 

true that what called Art has not been considered fixed 
science, which equivalent saying that the rules which govern 
artistic construction are not capable mathematical demonstration. 
Nevertheless, believe will found the fact that the structure 
which has been designed upon the most scientifically accurate propor- 
tions, that say, which accomplishes the object for which was 
intended accordance with Nature’s great law, will present the most 
pleasing outline, and that eventually the conception the Engineer 
and the Architect will merge into that the true Artist and Engineer, 

whom the immortal Michael Angelo was the great prototype. 
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LETTER PRESIDENT ROOSEVELT CHARLES MACDONALD, 
PRESIDENT, AM. SOC. 


June 1908. 
“My pear Mr. 

“The recent Conference Governors the White House con- 
firmed and strengthened the minds our people the conviction 
that our natural resources are being consumed, wasted, and destroyed 
rate which threatens them with exhaustion. was demonstrated 
that the inevitable result our present course toward these resources, 
should persist following it, would ultimately the impoverish- 
ment our people. The Governors present adopted unanimously 
Declaration reciting the necessity for more careful conservation 
the foundations our national prosperity, and recommending more 
effective co-operation this end among the States and between the 
States and the Nation. copy this Declaration enclosed.* 

“One the most useful among the many useful recommendations 
the admirable Declaration the Governors relates the creation 
State Commissions the conservation resources, co-operate 
with Federal Commission. This action the Governors cannot 
disregarded. obviously the duty the Federal Government 
accept this invitation co-operate with the States order conserve 
the natural resources our whole country. less clearly the 
duty the President lay before the Federal Congress information 
the state the Union relation the natural resources, and 
recommend their consideration such measures shall judge 
necessary and expedient. order make such recommendations the 
President must procure the necessary information. Accordingly, 
have decided appoint Commission inquire into and advise 
the condition our natural resources, and co-operate with 
other bodies created for similar purpose the States. 

“The Inland Waterways Commission, appointed March 14, 1907, 
which suggested the Conference Governors, was asked consider 
the other natural resources related our inland waterways, and has 
done so. But the two subjects together have grown too large 
dealt with the origiral body. The creation Commission 
the Conservation Natural Resources will thus promote the special 
work for which the Inland Waterways Commission was created, and 
for which has just been continued and enlarged, enabling 
concentrate its principal task. 

“The Commission the Conservation Natural Resources will 
organized four sections consider the four great classes 
water resources, forest resources, resources the land, and mineral 
resources. asking the members the Inland Waterways Com- 
mission form the Section Waters the National Conservation 
Commission. view the lateness the season and the difficulty 
assembling the members the Sections this time, Chairman 
and Secretary for each Section have designated, and the Chair- 
men and Secretaries the Sections will act the Executive Com- 
mittee, with Chairman who will also Chairman the entire 
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Commission. earnestly hope that you will consent act member 
the Commission, common with the following gentlemen: 


“Waters. 


“Hon. Theodore Burton, Ohio, Chairman. 

Senator Wm. Allison, Iowa. 

Senator Francis Newlands, Nevada. 

Senator William Warner, Missouri. 

Senator John Bankhead, Alabama. 

Mr. McGee, Bureau Soils, Secretary. 

Mr. Newell, Reclamation Service. 

Mr. Gifford Pinchot, Forest Service. 

Mr. Herbert Knox Smith, Bureau Corporations. 

Hon. Joseph Ransdell, Louisiana. 

Prof. George Swain, Institute Technology, Massachusetts. 
The Chief Engineers, Army. 


“Forests. 


“Senator Reed Smoot, Utah, Chairman. 
Senator Albert Beveridge, Indiana. 
Senator Charles Culberson, Texas. 
Hon. Charles Scott, Kansas. 

Hon. Champ Clark, Missouri. 

Mr. White, Missouri. 

Prof. Henry Graves, Yale Forest School, Connecticut. 

Mr. William Irvine, Wisconsin. 

Ex-Governor Newton Blanchard, Louisiana. 

Mr. Charles Pack, New Jersey. 

Mr. Gustav Schwab, National Council Commerce, New York. 
Mr. Overton Price, Forest Service, Secretary. 


“Lands. 


“Senator Knute Nelson, Minnesota, Chairman. 

Senator Francis Warren, Wyoming. 

Hon. John Sharp Williams, Mississippi. 

Hon. Swagar Sherley, Kentucky. 

Hon. Herbert Parsons, New York. 

Ex-Governor Broward, Florida. 

Ex-Governor George Pardee, California. 

Mr. Charles Macdonald, Am. Society Civil Engineers, New York. 
Mr. Murdo Mackenzie, Colorado. 

Mr. Frank Goudy, Colorado. 

Mr. George Woodruff, Interior Department, Secretary. 


“Minerals. 


“Hon. John Dalzell, Pennsylvania, Chairman. 
Senator Joseph Dixon, Montana. 
Senator Frank Flint, California. 
Lee Overman, North Carolina. 
Hon. Philo Hall, South Dakota. 
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Hon. James Slayden, Texas. 
Mr. Andrew Carnegie, New York. 

Prof. Charles Van Hise, Wisconsin. 

Mr. John Mitchell, 

Mr. John Hays Hammond, Massachusetts. 

Dr. Irving Fisher, Yale University, Connecticut. 

Mr. Joseph Holmes, Geological Survey, Secretary. 


Committee. 


“Mr. Gifford Pinchot, Chairman. 
Hon. Theodore Burton. 
Senator Reed Smoot 
Senator Knute Nelson. 

Hon. John 
Mr. McGee. 

Mr. Overton Price. 

Mr. Woodruff. 

Mr. Joseph Holmes. 


“One the principal objects the Federal Commission the 
Conservation Natural Resources will co-operate with cor- 
responding commissions other agencies appointed behalf the 
States, and hoped that the Governors and their appointees will 
join with the Federal Commission working out and developing 
plan whereby the needs the Nation whole and each State and 
Territory may equitably met. 

“The work the Commission should conditioned upon keeping 
ever mind the great fact that the life the Nation depends abso- 
lutely the material resources, which have already made the Nation 
great. Our object conserve the foundations our prosperity. 
intend use these resources; but use them conserve 
them. effort should made limit the wise and proper develop- 
ment and application these resources; every effort should made 
prevent destruction, reduce waste, and distribute the enjoyment 
our natural wealth such way promote the greatest good 
the greatest number for the longest time. 

“The Commission must keep mind the further fact that all the 
natural resources are related that their use may be, and should be, 
co-ordinated. Thus, the development water transportation, which 
requires less iron and less coal than rail transportation, will reduce 
the draft mineral resources; the judicious development forests 
will not only supply fuel and structural material but increase the 
navigability streams, and promote water transportation; and the 
control streams will reduce soil erosion, and permit American farms 
increase fertility and productiveness and continue feed 
the country and maintain healthy and beneficial foreign commerce. 
The proper co-ordination the use our resources prime 
requisite for continued national prosperity. 

“The recent Conference the Governors, the men who are the 
direct sponsors for the wellbeing the States, was notable many 
respects; none more than this, that the dignity, the autonomy, 
and yet the interdependence and mutual dependence the several States 
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were all emphasized and brought into clear relief, rarely before 
our history. There break between the interests the State and 
Nation; these interests are essentially one. Hearty co-operation be- 
tween the State and the national agencies essential the permanent 
welfare the people. You, behalf the Federal Government, will 
your part bring about this co-operation. 

“In order make available the National Conservation Com- 
mission all the information and assistance which may desire from 
the Federal Departments, shall issue Executive Order directing 
them give such help the Commission may need. 

“The next session Congress will end March 1909. Ac- 
cordingly, should glad have least preliminary report from 
the Commission not later than January 1st next year. 

“Sincerely yours, 
Am. Society Civil Engineers, 
“New York, Y.” 


the Governors the States and Territories the United 
States America, conference assembled, hereby declare the 
conviction that the great prosperity our country rests upon the 
abundant resources the land chosen our forefathers for their 
homes, and where they laid the foundation this great nation. 

look upon these resources heritage made use 
establishing and promoting the comfort, prosperity, and happiness 
the American people, but not wasted, deteriorated, needlessly 
destroyed. 

“We agree that our country’s future involved this; that the 
great natural resources supply the material basis upon which our 
civilization must continue depend, and upon which the perpetuity 
the nation itself rests. 

“We agree, the light the facts brought our knowledge and 
from information received from sources which can not doubt, that 
this material basis threatened with exhaustion. Even each suc- 
ceeding generation from the birth the nation has performed its 
part promoting the progress and development the Republic, 
this generation recognize high duty perform our 
part; and this duty large degree lies the adoption measures 
for the conservation the natural wealth the country. 

“We declare our firm conviction that this conservation our 
natural resources subject transcendent importance, which should 
engage unremittingly the attention the Nation, the States, and the 
People earnest co-operation. These natural resources include the 
land which live and which yields our food; the living waters 
which fertilize the soil, supply power, and form great avenues 
commerce; the forests which yield the materials for our homes, pre- 
vent erosion the soil, and conserve the navigation and other uses 
the streams; and the minerals which form the basis our in- 
dustrial life, and supply with heat, light, and power. 

“We agree that the land should used that erosion and soil- 
wash shall cease; and that there should reclamation arid and 
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semi-arid regions means irrigation, and swamp and over- 
flowed regions means drainage; that the waters should 
conserved and used promote navigation, enable the arid regions 
reclaimed irrigation, and develop power the interests 
the people; that the forests which regulate our rivers, support our 
industries, and promote the fertility and productiveness the soil 
should preserved and perpetuated; that the minerals found 
abundantly beneath the surface should used prolong their 
utility; that the beauty, healthfulness, and habitability our country 
should preserved and increased; that sources national wealth 
exist for the benefit the people, and that monopoly thereof should 
not tolerated. 

“We commend the wise forethought the President sounding 
the note warning the waste and exhaustion the natural 
resources the country, and signify our high appreciation his 
action calling this Conference consider the same and seek 
remedies therefor through co-operation the Nation and the States. 

“We agree that this co-operation should find expression suitable 
action the Congress within the limits and co-extensive with 
the national jurisdiction the subject, and, complementary thereto, 
the legislatures the several States within the limits and co- 
extensive with their jurisdiction. 

“We declare the conviction that the use the national re- 
sources our independent States are interdependent and bound together 
ties mutual benefits, responsibilities, and duties. 

“We agree the wisdom future conferences between the Presi- 
dent, Members Congress, and the Governors States the con- 
servation our natural resources with view continued co-opera- 
tion and action the lines suggested; and this end advise 
that from time time, his judgment may seem wise, the Presi- 
dent call the Governors States and Members Congress and 
others into conference. 

agree that further action advisable ascertain the present 
condition our natural resources and promote the conservation 
the same; and that end recommend the appointment each 
State Commission the Conservation Natural Resources, 
co-operate with each other and with any similar commission the 
Federal Government. 

“We urge the continuation and extension forest policies adapted 
secure the husbanding and renewal our diminishing timber 
supply, the prevention soil erosion, the protection headwaters, 
and the maintenance the purity and navigability our streams. 
recognize that the private ownership forest lands entails re- 
sponsibilities the interests all the people, and favor the enact- 
ment laws looking the protection and replacement privately 
owned forests. 

“We recognize our waters most valuable asset the People 
the United States, and recommend the enactment laws look- 
ing the conservation water resources for irrigation, water supply, 
power, and navigation, the end that navigable and source streams 
may brought under complete control and fully utilized for every 
purpose. especially urge the Federal Congress the immediate 
adoption wise, active, and thorough waterway policy, providing 
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Declaration for the prompt improvement our streams and the conservation 
of the 


their watersheds required for the uses commerce and the protection 
(continued), the interests our People. 

“We recommend the enactment laws looking the prevention 
waste the mining and extraction coal, oil, gas, and other 
minerals with view their wise conservation for the use the 
People, and the protection human life the mines.. 

“Let conserve the foundations our prosperity. 

“Respectfully submitted, 
“Newton Louisiana. 
Fort, New Jersey. 
“J. Wisconsin. 
“Joun Utah. 
“Martin South Carolina. 
“W. 


“Secretary, Inland Waterways Commission.” 


BUSINESS MEETING. 


Business Tuesday, June 23d, 1908.—The meeting was called order 
called 


M., President Macdonald the chair, Chas. Warren Hunt, 
President, there not quorum present. 
THE meeting will come order, whether there 
quorum not. there are not enough members here attend 
business, the time for raising point order quorum 
when come vote. What want get through with 
the business which before us. have great deal attend to, 
and the only way begin it. think the Secretary can now 
properly report the suggestion made members the time 
and place for the Forty-first Annual Convention. 
Convention accordance with custom, the Secretary, 
22d, 1908, sent circular with return blank asking for suggestions 
the time and place for holding the next Annual Convention, and 
now reports the result: 
“As the place for holding the Convention: 


“Total number suggestions received, 411, follows: 


San Francisco, Cal.......... Los Angeles, Cal........ 
Niagara Falls, Y......... White Mts, 


Cape 
Milw 
Have 
Mont 
or 
Alba 
Butt 
Clev 
Lake 
Put 
Port 
Lak 
Nev 
Cha 
Tor 
Salt 
Ash 
Mol 
Old 
Ind 
Jef 
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“The following places have received votes each: 


Burlington, Vt. Portland, Me. 
Cape May, Portland, Ore. 
Cincinnati, Ohio. Richmond, Va. 
Milwaukee, Wis. Saratoga, 
Havana, Cuba. Kansas City, Mo. 


Montreal, Canada. 


“The following places have received votes each: 


Atlanta, Ga. St. Augustine, Fla. 
Birmingham, Ala. Sault Ste. Marie, Mich. 
Butte, Mont. Steamer Great Lakes. 
Cleveland, Ohio. Yellowstone National Park. 
Columbus, Ohio. Vancouver, 


Lake George, 


“The following have received one vote each: 


Rockaway Beach, seaside re- Hotel Wentworth, 


Jefferson, Some European center. 


sort. Easton, Pa. 
Put Bay, Ohio. Florida. 
Portland, Ore., Seattle, Tacoma, Some place District No. 
Wash. Glen Summit Hotel, Pa. 
George Saratoga. Minneapolis, Minn. 
New Jersey seacoast. Detroit Cleveland. 
Chattanooga, Tenn. Detroit, Cleveland, Chicago, Buf- 
Toronto, Canada. falo, Milwaukee. 
Salt Lake City, Utah. Minneapolis, St. Paul. 
Manchester, Vt., seashore Minneapolis, Detroit. 
New England. Minneapolis, Duluth. 
Asheville, St. Paul, Duluth, Buffalo. 
Mobile, Ala. Seattle, some western city. 
Montgomery, Ala. Chicago, New York. 
Hotel Champlain. Some Atlantic Coast resort. 
Old Point Comfort. East Mississippi and north 
New York State. Ohio River. 
Louisville, Ky. Any large city the East. 
Newport, Some place northern New York 
Indianapolis, Ind. New England. 
Omaha, Nebr. 150 miles radius New York City 
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“As the time for holding the Convention, there great variety 
opinion, will seen from the number votes for each the 


dates following: 


May (all parts May are represented this 
follows: 


Any time except the last two weeks June........... 
this vote every day June covered. 


July (all parts the month 
Last week June, first week July............ 


“The following votes cannot well classified, each having received 


one: 


January, February, March. 
Late Spring. 

Any time during summer. 
Any month, prior 20th. 
Winter. 

Either June, September. 
May September. 


“49 members have choice. 


“All which respectfully submitted. 


Hunt, 
“Secretary. 


“June 1908.” 
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you have heard read the suggestions 
which have been made, and you have seen that pretty compli- 
cated question settle meeting like this, but any suggestions 
are order now, and before you decide the question where 
the Convention shall held, and the time, else refer the whole 
matter the Board Direction. 

move that the matter referred the Board 
Direction, with power. 

second the motion. 

THE have heard the motion, gentlemen, that this 
whole question deciding upon the time and place for the next 
Annual Convention shall referred the Board Direction with 
power. Any discussion? 

(There was discussion.) 

The motion was put and unanimously carried. 

next business the proposed amendments 
the Constitution. 

The Secretary read the following report the committee which 
was referred the question amendment the Constitution: 


“May 15, 1908. 
the American Society Civil Engineers Convention Assembled: 
“Your Committee whom, action taken the Annual Meeting, 


January 15, 1908, was referred the consideration certain proposed 
amendments the constitution relating the election members, 


beg leave report follows: 
“These proposed amendments are: 


One presented the annual meeting Mr. Harrod and 
others, the general which, after certain amendments 
the meeting, put the election members hereafter into the 
hands the Board Direction, with the proviso that not less than 
twenty-five votes, out possible thirty, shall cast, and that five 
negative votes shall exclude from election. 

One presented since the annual meeting Mr. Clemens Her- 
schel and others, the effect which will retain the present method 
voting the membership large, but require for exclusion one- 
fifth all the votes cast, instead twenty votes now required. 

presented several years ago the St. Louis Association 
Members the American Society Civil Engineers, and brought 
now the attention the Committee the Chairman, the effect 
which will retain the present method voting unchanged ex- 
cepting that negative votes equal one per cent. the total number 
corporate members shall required exclude from election. 

“The general purpose all these proposed amendments the 
same; viz.: make more difficult than now the exclusion from mem- 
bership for personal private reasons not affecting the integrity 
professional standing the persons thus excluded. this purpose 
your Committee fully and unanimously and believe that action 
should taken carry into effect. The only question how, with- 
out opening the doors everybody, this can best done. 


Committee 


Report 
Proposed 
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“The first plan takes the admission members out the hands 
the membership large and, while retaining the blue list now, 
places the election exclusion members wholly the hands the 
Board Direction. 

“It proceeds upon the assumption that the Board Direction, 
consisting members representing various sections, will act with equal 
information, with greater sense responsibility and more effectively 
than the membership large. 

“But, the judgment your Committee, the number negative 
votes necessary exclude; viz.: five minimum twenty-five, 
will make exclusion for good reasons unduly difficult, and recom- 
mend that this number should reduced three. 

“The second plan, which requires for exclusion twenty per cent. 
the votes actually cast, our judgment open the objection 
that makes the number votes needed exclude depend upon 
the number votes cast, number extremely variable and uncertain. 
The number votes cast during the nine months from July, 1907, 
April, 1908, inclusive, ranged from 325 507, the average being 458. 
Twenty per cent. this number 91.6, say votes, number 
negative votes almost, not quite, unknown. The total corporate 
membership April, 1908, was all exercised their right 
vote, the number negative votes required would 747, clearly 
impossible number. 

“Not only, therefore, the required number variable and un- 
certain, but great that practically nobody could excluded 
vote the corporate membership. The result this would 
that the only protection against the admission undesirable 
applicants would lie the action such members the Board 
Direction reside the vicinity New York and attend the 
Board meetings, excluding their names from the ballot list. We, 
therefore, cannot recommend this plan for adoption. 

“The third proposition, which requires for exclusion one per cent. 
the corporate membership the materially increases the 
number negative votes required—raising the present time from 
38, but otherwise leaves the matter election where now is, 
with the membership large. This plan, like the first, will greatly 
increase the difficulty concerted black-balling for personal private 
reasons, and will not wholly prevent exclusion for good reason. 
Within the last year many negative votes have been cast 
against single person. 

“The majority your Committee believe that election the Board 
Direction would afford the best security against improper black- 
balling, and the same time the best protection against the admission 
unworthy candidates; but may that the Society not prepared 
for radical step, and the Committee feels strongly the urgency 
some change, which will render the rejection applicants for 
personal reasons more difficult, that agrees recommend the third 
proposition, which, adopted, will most cases accomplish the end 
desired. “Respectfully submitted, 


“Chairman. 

“ALFRED 
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AMENDMENTS THE CONSTITUTION. 


“First Proposed Amendment: 


“Amend Article III the Constitution follows: 

“Strike out the last four words the first paragraph Section 
direct ballot,’ and insert their place ‘shall vote thereon 
allot. 

“Amend Section the same article read follows: 

“The ballots shall letter-ballots, form prescribed 
the Board Direction. They shall mailed each member the 
Board Direction, and shall state the date which the ballot 
canvassed, which shall not less than twenty days after the issue 
the ballot. least twenty-five votes must cast constitute 
election. Five (three) more negative votes shall exclude from 
election. exclusion, notice thereof shall entered 
the minutes, but the candidate shall notified.” 

“This amendment was proposed Harrod, Henry Rich- 
ardson, Wm. Craighill, Frank Llewellyn, John 
Joseph O’Brien, Brace, Woodard, Bent Russell, 
Cunningham, Edw. Flad, Fay, Brenneke, Arthur 
Hider, West, Tollinger, and Miller Todd. 

“This amendment was further amended the meeting (in order 
make other parts-of the article consistent with the proposed amend- 
ment), follows: 

“Add Article III, Section reads the proposed amend- 
ment, the following: rejected applicant may renew his application 
for membership transfer any time after the expiration one 
year from the date the ballot rejecting his previous application.’ 
Amend Article III, Section Paragraph follows: Strike out the 
words, ‘and Juniors,’ also the words, ‘Corporate Members,’ and 
substitute for the words, ‘Corporate Members,’ the words, ‘Board 
Direction,’ that the paragraph will read follows: ‘All members 
other than Honorary Members shall admitted the Society only 
vote the Board Direction, hereinafter specified.’ 

“In Article III, Section Paragraph strike out the word ‘the’ 
before the word ‘grade’ and substitute the word ‘any’; also, strike 
out the words, ‘of Junior, following the word, ‘grade’; also, strike 
out the words, ‘except that Junior’ the second line, that the 
paragraph will read: ‘The Board shall have the power elect persons 
any grade, and transfer persons from any grade higher grade 
membership, and shall notify the membership its action.’ 


“Second Proposed Amendment: 


“Amend Section Article IIT follows: 

the word ‘twenty’ the 5th line thereof insert the 
words: ‘one-fifth’; and after the word ‘votes’ the same line, insert 
‘of all the votes that the new sentence shall 
read: 

more negative votes all the votes cast shall 
exclude from election.’ 

“This amendment has been approved the following Corporate 
Members: Clemens Barclay Parsons, Alfred Flinn, 
Henry Hodge, Alf. Boller, Perrine, Wm. Bixby, 
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Brackenridge, Throop, Louis Tribus, Wm. Hillyer, 
Theodor Oxholm, George Wood, Fetherston, Olaf Hoff, 


“Third Proposed Amendment: 


“Amend Article III, Section striking out the words, ‘twenty 
more negative votes shall from election,’ and lieu thereof 
insert the following: 

“Negative votes equal one per cent., the whole number 
nearest one per cent., the total corporate membership the time 
voting shall exclude from election. 

“Proposed December, 1901, the St. Louis Association Mem- 
bers the American Society Civil Engineers.” 


Tue think, Mr. President, this connection, 
should read Mr. Moore’s letter transmitting that report. 


The Secretary read the following letter: 
“Sr. Mo., June 20, 1908. 
“Mr. Hunt, 
“Secy., Am. Soc. 
“Dear Mr. 

herewith enclose for presentation the Convention the 
Society Denver the report majority the Committee appointed 
January 15, 1908, Benzenberg consider certain pro- 
posed amendments the constitution relating the election 
members. 

“This report was formulated and adopted meeting the Com- 
mittee Chicago, April 15, 1908, which Messrs. Bates, Noble 
and Moore, who have signed the report, were present. Mr. Bogue and 
Mr. Richardson, the other two members the Committee, decline 
sign the report unless the last clause changed positive 
recommendation for election the Board Direction. 

“With this statement the majority the Committee submit their 
report, and desire emphasize their feeling the importance the 
subject and the need action. 

had fully expected until yesterday attend the Convention, and 
present the report person. But greatly regret now find 
that this will impossible. 

“May add that, personally, think the third proposition—which 
requires for exclusion negative votes equal one per cent. the 
corporate membership, and which the report recommends—to 
the whole decidedly the best; and from very recent interview with 
Past-Prest. Benzenberg able say that this view heartily 
concurs. 

“Again expressing regret inability with you, 


“Very truly yours, 
“Rost. Moore.” 
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President asks explain the condition 
this matter. This amendment which was proposed Mr. Harrod 
and others was presented the last Annual Meeting. Under the 
Constitution the Society, proposed amendment must put 
ballot the whole Society the form submitted amended 
the Annual Meeting. There another provision the Constitu- 
tion, however, which allows such amendment referred 
committee, that committee report the next General Business 
Meeting. That was the action the Annual Meeting, and this pro- 
posed amendment was referred committee which has presented 
the report which you have just heard. Under the Constitution, this 
amendment, this amendment amended any pertinent manner, 
must letter-ballot the Society. 

action taken, gentlemen, this 
report which you have heard read, will have the form 
recommendation, understand it, that must letter-ballot. 
There also another amendment which must considered this 
time. 

Tue President, unfortunate that have 
now before the Society two amendments, one which proposed 


Mr. Harrod and others, and which this report refers; another one 


which was proposed Mr. Clemens Herschel and others, which 
entirely different proposition relating the- same matter. Now the 
Constitution says that both these amendments must ballot 
unless they are sent committee. There way which this 
Convention, under the Constitution, can prevent Mr. Herschel’s amend- 
ment from going ballot some form pertinent the original sug- 
gestion, except referring committee. The Secretary has made 
little study this matter, and proper for state now, 
seems that the only possible way for the Society take 
action this first amendment some form. 

Tue think you are quite right about that. 
complicated situation, and the question before the Society will 
what action ought taken this report which have just 
heard read. 

make inquiry, rather suggestion, the possible means 
way out our dilemma. The report presented the committee has 
heen received, but not adopted. Suppose that not adopt that 
report, but refer Mr. Herschel’s amendment back that committee. 
would seem that that would hold the whole matter until 
the next Annual Meeting, which time this committee could report 
both amendments, which presumably will the same report that 
have now, but will then have the thing boiled down condi- 
tion where could substitute their report for both amendments. 


Discussion 
Amendments 
the 
Constitution. 
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Discussion raise the question ascertain whether, matter parlia- 


Amendments 
the 
Constitution 
(continued). 


mentary usage, that would be, the judgment the chair, correct 
procedure. 

the judgment the chair, the question before 
the meeting the report Mr. Moore’s committee whether 
the recommendation that committee shall sent out ballot. 
Now that question before you, gentlemen. 

Mr. ask whether you would rule that motion 
amend the amendment Mr. Harrod and others conformity with 
the report the committee would amendment germane the 
subject and permissible under the Constitution 

Tue the Constitution provides for any modifica- 
tion that germane being acted upon this meeting, and you 
have any suggest it-may presented. 

Davis, Am. Soc. E.—I move that the amendments pro- 
posed Mr. Harrod and Mr. Clemens Herschel both amended 
the recommendations this committee. They can 
put ballot one amendment then—isn’t that so? 

Mr. support that motion, Mr. President. 

Epwarp Am. Soc. occurs that the first 
amendment provides for election members the Board Direction. 
The report the committee provides for election the membership, 
seems impossible bring those two conflicting ideas 
together, and suggest that would proper accept and file 
the report the committee and then make motion the first 
amendment. But, that proper, will make motion, that the 
report the committee accepted and filed, and after that will 
make motion that adopt the first amendment suggested the 
committee and that the same submitted letter-ballot. 

The motion was seconded. 

mean the third report? 

Mr. mean that the whole report accepted and filed. 
That disposes the report. 

(The motion that the report the committee accepted and filed 
was carried unanimously.) 

Mr. President, now move that the amendment first 
suggested the report the committee, that that the election 
members the Board Direction, twenty-five required 
vote, and three negative votes reject—I move that that amendment 
adopted this Convention, and that sent out for letter-ballot. 
that wanted. 

Mr. Davis.—Mr. Chairman, rise ask for ruling upon 
motion, order. It-is before the Society, understand it. 
not see why cannot rule save two ballots, case the 
first one should accepted. Under the proposition, the first one 
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accepted would still have vote the other, under the 
Constitution. 

President has asked say word. the 
first amendment acted on, action the second amendment could 
postponed simply passing resolution referring com- 
mittee. The ballot the first amendment would then canvassed 
before that committee could report, and adopted, that would 
decide the whole matter. 

Mr. Davis.—The second one would have voted on, then, under 
the Constitution, would not? 

Annual Meeting, and subsequently letter-ballot. would 
question for the whole Society decide that occurred. 

would seem me, gentlemen, that have 
got take action the report this committee, which has been 
accepted and filed. 

Mr. Flad’s motion was seconded. 

the Secretary good enough read Mr. 
Flad’s 

Tue Mr. President, would just well 
read the amendment which Mr. Flad’s motion proposed should 
put letter-ballot. That amendment was proposed Major Harrod 
and number others, and the Annual Meeting was amended 
such way make conform other parts the Constitution, 


which the original proposition did not do. The amendment the 
Annual Meeting reads follows: 


“Add Article Section reads the proposed amend- 
ment, the following: rejected applicant may renew his application 
for membership transfer any time after the expiration one 
year from the date the ballot rejecting his previous application.’ 

“Amend Article III, Section Paragraph follows: Strike out 
the words, ‘and Juniors,’ also the words, ‘Corporate Members,’ and 
substitute for the words, ‘Corporate Members,’ the words, ‘Board 
Direction,’ that the paragraph will read follows: ‘All members 
other than Honorary Members shall admitted the Society only 
vote the Board Direction, hereinafter specified.’ 

Article Section Paragraph strike out the word ‘the’ 
the word ‘grade’ and substitute the word ‘any’; also, strike 
out the words, ‘of Junior, following the word, ‘grade’; also, strike 
out the words, ‘except that Junior’ the second line, that the 
paragraph will read: ‘The Board shall have the power elect persons 
any grade, and transfer persons from any grade higher grade 
membership, and shall notify the membership its 


That Mr. Harrod’s amendment amended the Annual Meet- 
ing. The original amendment was strike out the last four words 
the first paragraph Section “May direct ballot,” and insert 
their place, “Shall vote thereon Amend Section 
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the same Article read follows: “The ballots shall letter- 
ballots, form prescribed the Board Direction. They 
shall mailed each member the Board Direction, and shall 
state the date which the ballot canvassed, which shall 
not less than twenty days after the issue the ballot. least 
twenty-five votes must cast constitute election. Five more 
negative votes shall exclude from election. case exclusion, 
notice thereof shall entered the minutes, but the candidate shall 
notified.” 

THE course, you understand, gentlemen, that 
the motion made Mr. Flad and duly seconded means that the 
election shall pass into the hands the Board Direction. that 
very important question—a question general principle—it 
good time now discuss it. 

the motion that has been made conflicts with the report the com- 
mittee. The committee which has been appointed, and the report 
which has been read, recommended the third proposition, that is, 
that one per cent. the corporate membership the Society 

quite true, sir, but that report not 
before the house. The matter now before the house motion 
Mr. 

idea that the committee had suggested something different than 
the motion now before the house. 

Tue have, sir, but that not the question now 
under discussion. The question now under discussion Mr. Flad’s 
motion. 

Mr. committee did make suggestion their report 
which bears this question, that changing the negative votes from 
five three. That may worth considering right now. opinion 
that the report wise the suggestion that the amendment ought 
changed from five three. favor the motion that 
amend this amendment, changing the negative votes from five 
three. make that motion, that amend. 

Mr. President, intended make motion that the 
amendment adopted amended the committee, which takes 
into consideration the fact that three members will sufficient 
reject. 

understand, you would accept the 
suggestion made? 

Mr. sir, accept the amendment. 

motion before you, gentlemen, very 
important one. question principle, and whatever the sense 
this meeting will out the Society, and accordance with 
the motion letter-ballot will issued. 
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Mr. President, should like ask taking the action 
now proposed does not great deal further than overcome just 
the one objection about the negative vote. more than that. The 
sentiment the committee, just reported, seems have been over- 
come objection, few negative votes rejecting member who might 
worthy. Now, that all you want overcome, can done 
another way, perhaps the way the committee recommended. Now, 
isn’t there some other advantage obtained having the Board 
Direction elect the members? Isn’t that considered? 
that the question right now? not good deal broader question 
than just the matter correcting defect? not revolution? 
not changing all around, making another performance? 
seems that opens broad question policy that the 
other does not, and seems that one that importance. 
its face does not look democratic our long accustomed 
method, and question whether ought not whether will 
not question which there will great deal difference 
opinion. 

exactly what have endeavored im- 
press upon the gentlemen present, that very decided change 
from what has been the habit the past, and assumed that you 
were favor such change seconding supporting Mr. Flad’s 
motion. question which should carefully discussed, because, 
when goes out the printed ballot, gentlemen will undoubtedly 
express their views one way the other, and may turned down 
and will have begin all over again. 

tion connection with this, bearing upon the present method 
electing applicants membership the Society. think probably 
would enlighten little some person here present would state 
the objections the present procedure electing the Society? 
What wrong with it? would like little information upon 
that point. 

Tue Secretary, will you kind enough give 
little information that matter? 

Tue President, any information have about 
would purely guesswork, but think can get pretty close the 
truth. There have been applicants for membership defeated the 
present method, who are known worthy. think that the 
prineipal objection. also well known all those who have can- 
vassed the ballots that all the ballots that are cast are not cast with 
have seen ballots, which there were some forty fifty 
names, with negative vote against each name the ballot. The 
casting such vote not intelligent, and constitutes another objec- 
tion. not know, Mr. President, that can say anything further. 
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can give your experience. have doubt 
the gentlemen would very glad hear from you. 

THE this particular question, does not 
seem that makes very much difference which amendment 
adopted, far the effect upon the election members concerned, 
except that, the amendment proposed the committee adopted, 
would throw the election into the hands the Board Direction 
without restriction. If, the contrary, the amendment proposed 
Major Harrod, with the suggested amendment three votes, 
adopted, would throw the election members into the hands 
the Board Direction with very decided restrictions, and, the two, 
the latter seems the more conservative. not expressing 
opinion about the matter, just matter fact, because, one per 
cent. the total voting membership were required exclude, you 
would not have any exclusion, one who passed the 
Board Direction would elected. without restriction, 
would mean that any meeting the Board Direction which five 
were present, five being quorum, could elect candidate member- 
ship the Society. Such small meeting not likely occur, 
because very seldom have meeting the Board Direction 
which there are not least twelve fifteen present, but, under the 
Constitution, would possibility, and, therefore, the two 
propositions, the more conservative one the proposition put the 
matter into the hands the Board Direction with the restriction 
letter-ballot the whole board. 

ask, Mr. President, whether contem- 
plated that notification will out the members the Society 
the records applicants who are passed, formerly? 

Tue has been done the past, and certainly 
will be. 


Tue part the present proposed amend- 
ment. 

ask what proportion the membership usually 
votes the 

Tue average, believe, figured out here this 
report about 458, this average having been ascertained the ballots 
covering about year. That say, 458 out perhaps 500. 

Henry Am. Soc. E.—Mr. President, far that 
matter goes, seems the actual number voting carries 
weight whatever, for the reason that favorable vote cast makes 
change any way. Personally, refrain from voting unless have 
objection somebody, avoid burdening the record. question 
ballots. The result exactly the same whether vote whether 
not, that say, vote favorably. submit that the 
consideration the number ballots which has been received under 


the present system has very little with the subject. 
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one respect, think you are fault, because 
the percentage system assumed one the proposed amendments; 
only the votes cast would considered, and the percentage taken upon 
that. Under that system, the favorable votes would not exercise the 
influence that might desired, and that one the reasons why 
the whole question might more intelligently handled the Board 
Direction. 

Mr. President, think that amendment relates 
one which has been thrown out before, and cannot brought into 
this question all, simply the report the St. Louis people, made 
some time ago, which, understand, not now before this Convention 
for action, discussion anything else. appears that the committee 
which the matter was submitted has made report, favoring solu- 
tion the problem which cannot brought before this meeting 
any manner. have got fight out the line decision 
the main question, either the Board Direction the general 
Society. free say that not favor giving our 
right election. too truly American manner abandoned 
lightly. would favor making the reception members possibly 
little easier than present, that is, making the manner rejecting 
more difficult. would change somehow. The desire seems 
change it, but not too much. The report the committee provides 
for nothing put the books. believe and hope that this 
matter, when comes general ballot both these amendments, 
certainly the one made Mr. Harrod, which must ballot, 
will thoroughly rejected, because the main principle stake 
whether shall elect our members ourselves (as now 
eminently fair manner, but practically very few our members) 
whether shall delegate the authority elect our members 
Board Direction. 

Am. Soc. E.—It has been asked whether this 
proposed method has any advantages other than that preventing the 
election unworthy persons. seems that has the advantage 
placing the election the hands men whose business 
look after the matter, and that the proposed restriction will give great 
deal uniformity the manner handling it, and greater careful- 
ness than obtained leaving the membership large, who 
will Mr. Manley has said, omitting action unless they 
happen see someone the list whom they feel should not 
elected. Surely the membership large will able retain their 
sovereignty, they wish call such, reporting any members 
when the lists are presented them. know that New England 
that plan holding town meetings still obtains, but all over the rest 
the have given that up, and have representative govern- 
ment. seems that may well give this the 


| 
| 
| 
| 
| 
| 
7 
q 
; 
| 


Discussion 
Amendments 
the 
Constitution 
(continued). 


278 REPORT FULL THE BUSINESS MEETING [Society 


Board Direction. Other societies are doing this, and believe that 
will get much better results this way. 

signers that proposed amendment, would like make few re- 
marks. does look were giving democratic principle, but 
have given long time ago, because, understand the 
present method electing members, the matter largely the hands 
the Board. know great many instances where applicants 
have come before the Board Direction, and their names have never 
come the Society all, the Board Direction, after all, 
you might say, have had the power election anyhow. Now, 
experience has been that knew name ballot that would 
vote that ballot and vote aye for the names that wanted vote for 
and leave the others blank. have heard, and know instances, 
where parties would vote aye for the names they knew and then 
they would make mark which was tantamount voting nay for all 
the remaining names the list. Isn’t that so, Mr. Secretary? 

Yes. 

Mr. under the old method, you will notice. The 
method putting notations the ballots has recently been changed. 
That change designed away with this inadvertent negative 
voting. This proposed amendment will leave the whole thing the 
hands the Board Direction, with this exception, that you will 
have the Blue List before you, and you consult that Blue List 
often you want you will able detect any members whom you 
think unworthy, and then will your duty address the Board 
Direction and call their attention what you know against the 
applicant. think that exercising this right and closely scanning 
the Blue List, and voting for this proposed amendment will not 
give any our rights members the Society. (Applause.) 

Am. Soc. E.—The best reason for giving 
the present system, think, that has proved failure. not 
think there any doubt about the fact that the system under which 
have been working late has not worked practically. Now, all 
right talk about democratic principles, but nothing wise that 
not practical. not know that all the members here realize the 
seriousness the present situation, and the seriousness the inci- 
dent which brought about this present move. known many 
that distinguished gentleman, against whom there can accusa- 
tion, either regard his personal character his professional 
attainments—a gentleman who occupies position to-day equal 
that occupied any member the American Society Civil Engi- 
neers—that gentleman was rejected for membership the American 
Society Civil Engineers. Now, not for impute any 
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motives those voting agaiust him, but the fact that distinguished 
and worthy gentleman should rejected this Society means 


there something wrong into which should look and for which 


should find remedy. Now, fact, think, general 
admission, say, that this gentleman worthy membership 
the Society, and why was rejected? Because have system 
which certain percentage those voting may prevent election. 
Now, very small percentage the members this Society vote 
all, and quite practical, and has occurred, and happened upon 
this occasion and upon others, that the large number members 
this Society, not being cognizant the situation, not being close 
touch with the management the Society, neglected vote, and 
neglecting vote they made possible for few members 
around among their friends and ask them favor vote against 
certain person who happens objectionable them. That 
entirely wrong, and disgrace this Society that distinguished 
and honorable gentleman should turned down. want dis- 
tinguish, Mr. President, between the American Society Civil Engi- 
neers and secret society club. This not secret society, and this 
not club, and the reasons which apply secret societies and 
clubs should not apply the American Society Civil Engineers. 
There are only two reasons why any man should rejected when 
applies for membership this Society. One that his character 
not the standard, and the other that his professional 
attainments are not the standard. (Applause.) Those are the 
only two reasons which should ever reject man from membership 
this Society, and these amendments, take it, are drawn for the pur- 
pose remedying this evil. evil which exists because the 
situation such large society, where members are scattered all over 
the world and pay little attention the actual management. 
the same reason which applies the Board Direction when 
appoint committee investigate some subject and look into the 
details advise what best done, and the Board 
Direction being charge looking into the matter, having the 
responsibilities placed its shoulders, not likely act pique 
any reason other than merit. (Applause.) 

that the merits this matter not germane, that 
not being before the house. Under Article Section the Con- 
this matter has sent out letter-ballot. These 
amendments which have been printed and distributed have come 
leiter-ballot, and all that can and all that before the house 
g-neral discussion upon the merits the amendments all, but 
question whether shall send them out and have them submitted 
letter-ballot. 
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motion before the house Mr. Flad that 
the amendment which has been suggested Mr. Harrod and which 
has been read, and which involves the submission the whole question 
the Board Direction, would adopted and recommended 
this meeting for submission letter-ballot. That the question now 
before the house. 

President, understand it, there has been 
slight change that, and that the word three has been substituted 
for five. 

has been accepted. 

only wanted get the record. 

The question was called for. 

Presipent.—Gentlemen, you have heard the motion Mr. 
Flad, duly seconded, and will ask, order make perfectly sure 
that understand what are voting for, that the Secretary read 
what included the motion. 

understand, Mr. President, that the meeting 
now voting the question sending out this amendment letter- 
ballot the Society: 


“Amend Article III the Constitution follows: 


“Strike out the last four words the first paragraph Section 
direct and insert their place ‘shall vote thereon 
ballot. 

“Amend Section the same Article read follows: 

“The ballots shall letter-ballots, form prescribed 
the Board Direction. They shall mailed each member the 
Board Direction, and shall state the date which the ballot 
canvassed, which shall not less than twenty days after the 
issue the ballot. least twenty-five votes must cast con- 
stitute election. Three more negative votes shall exclude from 
election. case exclusion, notice thereof shall entered 
the minutes, but the candidate shall notified.’ 

“Add Article ITI, Section reads the proposed amend- 
ment, the following: rejected applicant may renew his application 
for membership transfer any time after the expiration one 
year from the date the ballot rejecting his previous application. 

“Amend Article Section Paragraph follows: Strike 
out the words, ‘and Juniors,’ also the words, ‘Corporate Members,’ and 
substitute for the words, ‘Corporate Members,’ the words, ‘Board 
Direction,’ that the paragraph will read follows: ‘All members 
other than Honorary Members shall admitted the Society only 
vote the Board Direction, hereinafter specified.’ 

“In Article III, Section Paragraph strike out the word ‘the’ 
before the word ‘grade’ and substitute the word ‘any’; also, strike 
out the words, ‘of following the word, ‘grade’; also, strike 
out the words, ‘except that Junior’ the second line, that the 
paragraph will read: ‘The Board shall have the power elect persons 
any grade, and transfer persons from any grade higher grade 
membership, and shall notify the membership its 
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This last part merely make the Constitution conform the 
spirit the original amendment other particulars. 


understand, Mr. Flad, that that your 
motion 


Mr. sir. 


Honens, Am. Soc. rise for information. There 
was motion made and properly seconded. Has that been ruled out 
order? not should be, some—— 

motion that now before the house you have 
just heard read. 

Mr. Honens.—But, before that, wasn’t there another motion made 
and properly seconded which was not ruled out order, therefore 
there are before the house—— 

Tue chair understands that there but one 
motion before the house. 

Tue was the other 

Mr. Davis.—I think the motion made, Mr. President, 
which asked ruling. not understand that has 
was endeavoring eliminate the necessity having two letter-ballots. 
not very important, course. 

you asked for ruling, and ruled that 
the question now before the house was the motion Mr. Flad, and 
that the only motion before the house, and those who are favor 
the motion made Mr. Flad will please say aye; contrary, no. 

The motion was carried. 

Mr. move, sir, that when the letter-ballots are sent out 
the amendments question, the report the committee which 
that change the Constitution was referred, printed and sent out 
company with the letter-ballot. 

Mr. Davis.—I second the motion. 

have heard the motion Mr. Manley. Will 
you state your motion again, please, Mr. Manley 

Mr. will try to, sir. moved that the report the 
committee whom was referred the matter the amendments 
the Constitution amended Mr. Harrod put print and 
distributed with the for the letter-ballot. That what in- 
tended. The situation amendment the Constitution 
before the Society. must letter-ballot. That was referred 
and that committee has reported. Now seems 
that those gentlemen who voted against here are voting unwisely. 
When you have referred matter committee, let the Society have 
the benefit their report, and not choke off. 

President, you will read that report you will 
practically with Mr. Flad’s motion, and that they are 
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Discussion Withholding substituting the third amendment for fear that the Society 
Amendments 


the 
Constitution 
(continued). 


will not favor the first amendment. 


Green, Am. Soc. would suggest, before the vote 
finally counted, that take standing vote, that, when the 
information sent out, the action this meeting, along with the call 
for the letter-ballot, those now voting for and against the proposition 
will stated; that is, that, instead the ayes and noes, take 
rising vote, the vote can counted. 

The motion was seconded. 

will ask you, gentlemen, who have voted 
the proposition made Mr. Flad, which declared carried, but with- 
out counting the votes, rise, those for and those against, that the 
vote can counted. 


Upon the count, the President announced that the vote stood for 
and against. 


Mr. you please state what the present question is? 
are not clear here. 

motion, understand it, was that when 
this amendment sent out letter-ballot shall accompanied 
the report this committee, that has just been read. matter 
fact, this report will published the Proceedings, and the mere 
reference this discussion, which every member naturally would 
turn to, would probably sufficient. However, see objection 
the suggestion. the same time, think might well suggest 
that, this occurred, that the two members the committee who did 
not sign this report should asked give their reasons for not 
signing also. 

Mr. see objection that, the case stands 
present, that the situation clearly stated the report. make 
objection whatever any other literature being sent with it, but 
seems that the most important matter keep before what 
acted upon the Society, and the matter has been referred 
the committee and would rather unusual proceeding this 
Society should refuse print the report the committee which 
was sent the matter which they are reporting. 

Tue President, the only reason had for making 
that suggestion was that the question the minority report has not 
been touched upon all the committee report, but, the light 
the letter Mr. Moore transmitting the report, and the fact that 
these gentlemen would not sign the report, seems this should 
sent out. The report signed three members only the 
committee. 

Mr. the report printed, that all want. 

there any necessity, Mr. Manley, for making 
the motion the report, stated the Secretary, will printed 
the regular Proceedings this Society? 
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Mr. seems that there is. cannot see why this 
meeting should decline publish report with the matter which 
they are reporting. There are lot things reported our meetings 
which are very interesting reading, but this important matter, 
matter that have had for years, and have submitted 
committee, and now refuse print their report with the matter 
when comes down point. Let have the whole thing and have 
fair fight. (Applause.) 

THE have heard the motion Mr. Manley, that 
the report the committee published and issued with the letter- 


ballot, that all members may see for themselves the pros and cons 
the question. 


The motion was put and carried. 

rising vote was called for, and upon being taken the President 
announced that the vote was for and against. 

Mr. understand that this motion covers only the 
report the majority? 

report the committee. 

Mr. would seem fair that the report the 
minority should with it. therefore move that the report the 
minority accompany this. 

not known the chair that there 
minority report. The report shows for itself. there any minority 
report, Mr. Secretary, will you indicate it? 

Tue minority report. 

Mr. should send out report the majority 
the committee giving the reasons pro and not giving the rea- 
sons con? 

Tue this report, however, there 
letter, from the chairman the committee, which explains that two 
members the committee refused join signing for certain 
reasons, but that not part the report the committee. 

Mr. not seem more fair ask those two 
members give their reasons this matter? 

Mr. the gentleman will make that motion shall 
glad second it. 

Mr. make that motion. 

Mr. second the motion. 

Mr. was quite satisfied have the report the 
members the regular form, the Proceedings, but, since this body 
has send out the report specially, why not send the whole matter, 
send the pros and cons that the members may decide which way 
vote? 

moved and seconded that the two gentlemen 
who have declined sign the report which has been before 
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requested express their views, and that those views incorporated 
the report that issued with the letter-ballot. All favor 

proceeding get into the record the Society? are voting 
hypothetical problem, understand. These gentlemen have not 
given their reasons, and until they give their reasons their views are 
not part this Society’s record. Mr. President, move amend- 
ment the motion, that the matter referred back the committee 
for full report, giving their reasons for and against their recom- 
mendations. 

Mr. believe the last motion was not supported. 
would move amend that request the minority the committee 
submit report the Board Direction, and that the Board 
Direction instructed circulate the report with the ballot upon 
these questions. think that will cover the situation. 

The motion was seconded. 

Mr. President, have not heard the amendment 
suggested Mr. Wallace seconded, and decline accept it. 

Mr. withdraw it. understand out order, 
and owe the Society apology, because came late, and did 
not understand the true relationship the question. would like 
information whether not the matter closed, whether not there 
any chance any expression opinion the merits the ques- 
tion itself. 

tion this meeting concerned, which the effect that Mr. 
Harrod’s amendment recommended for letter-ballot. That was 

Mr. understand, the subject closed dis- 
cussion 

Tue is. should only too glad rule your 
favor, Mr. Wallace. 

Mr. simply asked the question. 

Mr. believe still have before the amendment 
proposed Mr. Herschel? 

Mr. rise for information. was informed that there 


was question before the house. had understood you rule, 


answer Mr. Wallace, that the amendments which were just being 
made were out order. 

Tue Mr. Wallace asked might discuss the 
general question, and told him that the motion had been proposed 
Mr. Flad and carried, and was not order for general discussion. 

Mr. misunderstood your remarks, then, Mr. 
President. 
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President, want second Mr. Williams’ amend- 
ment the motion which was made some time ago. 

motion you second? 

motion made this gentleman back that 
the two minority members the committee requested make 
report, and when that report made, that sent out with the 
letter-ballots, and Mr. Williams amended that moving that the two 
members requested make minority report, and when that 
minority report was made the Board Direction directed issue 
connection with this letter-ballot, and seconded Mr. Williams’ 
amendment. 

the motion before the house. 

Mr. amendment quite acceptable me. 

THE the motion before the house. 

(The question was called for and vote the motion was carried 
unanimously.) 

will proceed with the business regular 
order, the amendment the Constitution, proposed Mr. 
Clemens Herschel. 

Tue the Annual Meeting the Secretary has 
received the following proposed amendment relating the same sub- 
ject the one just discussed: 


“Amend Section Article III follows: 


“Tnstead the word ‘twenty’ the 5th line thereof insert the 
words: ‘one-fifth’; and after the word ‘votes’ the same line, insert 
the words: ‘of all the votes that the new sentence shall 
read: 


more negative votes all the votes cast shall 
exclude from 


This amendment has been proposed the following Corporate 
Members: Clemens Herschel, Wm. Barclay Parsons, Alfred Flinn, 
Henry Hodge, Alf. Boller, Perrine, Wm. Bixby, 
Brackenridge, Throop, Louis Tribus, Wm. Hillyer, 
Theodor Oxholm, George Wood, Fetherston, Olaf Hoff, 
Chanute, John O’Rourke, Hugh Cooper, Parsons, James 


Mr. President, would move amend the amend- 
ment Mr. Herschel accordance with the recommendation the 
committee whose report have recently received, that will re- 
quire that the number negative votes shall equal one per cent. the 
Corporate Membership the Society for rejection. 

that motion seconded? 


Mr. President, will order lay the matter 
the table? 


Second 
Proposed 
Amendment 

the 
Constit 


ution. 
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motion not seconded. 

second the motion. 

motion now before you. 

Mr. order, move that the matter laid the 

President, understand, from the 
that these are germane topics, goes ballot without amendment, 
just presented Mr. Herschel and others. 

that? 

was not amended this present meeting, goes 
ballot without being amended. cannot lay the table. 
has got ballot anyway. 

Tue are only three things which this meeting 
with this amendment, under the Constitution. One send 
ballot amended, and the other refer committee. 

motion before the house, then, the motion 
Mr. Williams amend. 

before the house, would like make motion that this referred 
committee reported the next Annual Meeting. 

The motion was seconded. 

Presipent.—The motion first considered, unless you wish 
amendment, the motion made Mr. Williams. 

motion. 

second the motion. 

Owen, Am. Soc. E.—If this other proposition goes 
letter-ballot, and that ballot decided before the Annual Meeting, 
then the proposed amendment the Constitution cannot made 
under this resolution, because the Constitution will already 
amended, and consequently the act itself will void. 

President, perhaps can elucidate this. This 
meeting has already decided that certain amendment relating 
election membership shall ballot. quite possible that 
might pass. Mr. Williams’ motion was that another amendment 
made relating the same thing, but with different mode opera- 
tion, which also would letter-ballot the same time. might 
happen that both those would adopted, and then how would 
our members? 

Mr. explain, Mr. President. view 
the matter was that this meeting would well amend this amend- 
ment, proposed, and then refer committee, which would 
virtually carry out the the committee, but send 
back that committee that would not passed upon until after 
the other amendment had been voted upon. see objection that 
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procedure, and thought would wise one, would express 
the views this meeting that the report our committee should 
coneurred the previous amendment should fail carry. 

Tue amendment suggested Mr. Smith think 
could brought into Mr. Williams’ motion. understand it, 
perfectly willing have the motion submitted committee, 
and Mr. Williams would simply say that was the sense this 
meeting that the amendment proposed should submitted com- 
mittee, might obviate the taking vote amendment, and 
then the original motion. 

Mr. President, that does not cover point. 
point is, that Mr. Herschel’s motion referred special com- 
mittee, that committee will not report until after the Constitution 
may amended; consequently, the amendment suggested Mr. 
Williams will avail, because cannot germane the 
subject that amended before. That the point making. 

Mr. President, think can help you out the 
dilemma. remember correctly, motion commit order; 
that you can refer this committee without any ifs ands, spite 
motion being before the house. 

can’t you withdraw the motion? 

Mr. would like have the record. 

call attention the fact that motion lay this 
the table has been made and seconded. 

hardly think that proper under the cir- 
cumstances. 

tion, keeping with Mr. Williams’ statement. The purpose, 
understand it, that when this comes the committee will come 
the committee the amended form, with “one per cent.,” and 
judge that would the feeling the Society here. What want 
suggest that Mr. Smith withdraw his motion until after the amend- 
ment Mr. Williams has been voted upon, and then make the motion 
and refer the committee amended. 

that satisfactory Mr. Smith, get through 
with it? 

Mr. have objection that. 

Am. Soc. E.—I would like 
inquire what this committee supposed with this motion 
after has been referred it. The situation, seems me, 
simply this, that the Society has voted send out the membership, 
for letter-ballot, proposition amend the Constitution. Another 
proposition now before which conflicts with the first one. 
seems that would perfectly proper table this motion, 
and take from the table later meeting, year from now, 
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any time, after the vote has been taken the first one, the 
motion made and seconded and carried. 

would eminently proper and fitting, but 
unconstitutional. 

Mr. President, think the intent Mr. Williams and 
the rest that the President will know whom appoint the 
committee, which will keep that thing long enough that may 
know where are the first proposition before spring the 
second. (Applause.) think can trust the President for that 
action, and should like vote Mr. Williams’ motion without any 
further delay. 

The question was called for. 

have heard the motion Mr. Williams, 
duly seconded. 

The vote was taken and the motion prevailed. 

Mr. now move that the proposed amendment referred 
committee report the next Annual Meeting. 

The motion was seconded Mr. Williams. 

have heard the motion Mr. Smith, 
seconded Mr. Williams. 

Lewis, Am. Soc. second the motion, and 
the hope that this question can effectually disposed 
defeating the motion, and that may save ourselves from complica- 
tions which might arise, and which might necessitate our going the 
Supreme Court find how are going elect our members. 
will have keep careful watch the number ballots each 
amendment know which has sufficient vote justify the officers 
canvassing, and cannot tell then which would get, and 
second the motion, doing with the intention voting against it. 

The motion Mr. Smith refer this question committee 
was then put vote and carried. 

Tue ahead, Mr. President? 

THE Yes. 

President, the following proposed amend- 
ment the Constitution has been duly received and sent out 
members and, under the Constitution, comes before this meeting. 


“Amend Article the Constitution follows: 


the word ‘only’ second line, Section 12, Article VI, and 
insert its stead the words ‘except further provided this 
paragraph.’ 

“Add Section 12, Article VI, after sentence ending ‘shall 
appointed the Board Direction,’ the following separate sentence: 

the judgment the Board Direction, special 
committee, appointed the above prescribed manner, reason the 
long time required-for its appointment, would defeated its object 
and avail, then the Board Direction shall authorized 
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appoint forthwith special committee act each case and report 
each subject; the Board Direction report its action the 
Society its next regular meeting.’ 

“Amend Article VII the Constitution follows: 

“Add Section Article VII, after sentence ‘The Board 
Direction may prescribe the mode procedure for appointing this 
committee,’ the following: ‘and fill any vacancies occurring.’ 


The above amendments were proposed Wilkins, Geo. 
Davison, Chester, Geo. Fuller, Charles Allen, Emil 
Swensson, and Bensel. 

Tue this may seem little bit blind, think 
can explain the meeting the purport this amendment. the 
present time, Special Committees report engineering subjects 
may only appointed after long and tedious wait. proposition 
for the appointment such committee must made one the 
regular business meetings the Society, and, approved certain 
number votes that meeting, referred the Board 
Direction. The Board then considers the question the appointment 
that committee, and reports the next General Business Meeting. 
the next General Business Meeting decides affirmative vote 
certain number send that proposition for the appointment 
Special Committee letter-ballot, sent, and several months 
after that the vote counted, and the final appointment the com- 
mittee dependent getting out vote one-third the total 
Corporate Membership, which now would. mean some 1300 ballots. 
The purport this amendment, while leaving that provision the 
Constitution, place the hands the Board Direction the 
meeting the Society, and if, the judgment the Board, 
necessary that such committee should appointed, order 
accomplish the objects for which the committee appointed. 

Tue proposed amendment before you for dis- 
cussion, gentlemen. What your pleasure? 

inquire what are expected do, that? 
want the proper thing. (Laughter.) 

Tue are only three things you can do, send 
out sent in, amend manner pertinent the original motion, 

recommended. 

The motion was seconded. 

Tue have heard the motion, gentlemen. there 

Assoc. Am. Soc. E.—It says “by reason 
the long time required for its appointment,” the object would de- 
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feated, but does not say who should decide that, and would move 
tothe add the words, “That the Board Direction shall the sole judges 

Constitution 

(continued). such case. 

Tue President asks read this once more. 

The Secretary re-read the proposed amendment. 

Mr. withdraw suggestion. 

The motion was put and carried. 

Tue President, would like make apology 
the meeting. had letter, received since arrived Denver, 
from Mr. Samuel Whinery, which ought have read the time 
that first amendment was considered. was not intentionally 
omitted. forgot it, not seeing the papers. The gentleman was 
against the action which has been taken. 

too late, but wanted mention the fact 

The Secretary presented the following report: 


REPORT THE BOARD DIRECTION THE PROPOSED 
APPOINTMENT SPECIAL COMMITTEE 
STEEL COLUMNS AND STRUTS 


Report The following resolution, adopted the meeting the Society 
March 4th, 1908, was referred the Board Direction under Section 


“That Special Committee appointed (as provided for 
Article Section 12, the Constitution), investigate steel 
columns and struts, and report upon their design, ultimate strength 


and safe working values, and that the matter referred the Board 
Direction.” 


The Board having considered the matter reports its 
the Society, together with statement the arguments for and 
against the appointment such Special Committee. 


For: 


thorough investigation steel compression members would 
great value the engineering profession. The data available the 
present time are insufficient, they were derived from experiments 
usually limited the ultimate strength, rather than the elastic limit, 
which engineers are generally guided designing and proportioning 
members structures. 

From the tests made heretofore, very little can learned the 
strength details and connections, which are sometimes the most im- 
portant parts compression members, many the available records 
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tests show members with defective details, employing materials not 
now available advised. 

Therefore, additional information regarding the strength and be- 
havior compression members under strain, well 
tions their proper design, based investigations conducted 
rational and scientific principles, would desirable. 

series tests structural materials has been inaugurated the 
Ordnance Department the United States Army the testing labora- 
tory the Watertown Arsenal. Tests steel columns are now 
progress and understood that the programme will extended, 
due course, embrace tests riveted tension members. understood 
that the results the tests will published without comment the 
Annual Reports the Chief Ordnance. Special Committee the 
Society might render valuable service the profession discussing 
the results these and other tests from time time reports the 
Society. Such reports together with the resultant discussion meet- 
ings the Society should value. 


ARGUMENTS AGAINST: 


The Resolution adopted the Society meeting March 4th, 1908, 
states that Special Committee appointed investigate steel 
columns and struts, well report their design, strength and 
safe working values. 

Committee the Society would adapted work, 
conduct scientific investigations. Work that nature should 
done experienced experimenter, who paid for his services, and 
who can devote most his time the work. The members the Com- 
mittee, whose time taken with other duties, could only act 
advisory capacity, far the investigations are concerned. 

order conduct these investigations properly, the Committee ap- 
pointed for that purpose would need its disposal testing laboratory, 
with testing machine sufficient capacity, and experienced inves- 
tigator. 


Investigations value should extensive, and will very 
expensive. 

means for this are not available, these investigations could only 
conducted under the auspices corporation, the Government. 
The United States Government has testing laboratory and testing 
machine; and the means for conducting the investigations and for 
enlarging the facilities the testing laboratory can appropriated 
Congress. 

seems your Board that the field the Special Committee 


proposed appointed must somewhat narrower than might 
assumed from the text the resolution above quoted. fund 
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available for the use such Committee defray the cost experi- 
ments, that the scope the Committee’s work would make 
such suggestions the Society might pertinent regard the 
tests needed, and discuss, reports the Society, the results 
tests progress. While this would impose upon the Special Commit- 
tee considerable work without recompense, your Board believes that 
such recommendations regard tests and such discussion their 
results may fairly expected the public the leading engineering 
organization the United States and that the American Society 
Civil Engineers should take the duty. 

Order the Board Direction, 


Warren 
Secretary. 


Tue have heard the suggestion the Board, 
gentlemen. The question now before you the advisability 
appointing Special Committee investigate steel columns and struts, 
and report upon their design, ultimate strength, and safe working 
values. 

Mr. President, move that this Convention 
recommend the adoption the report the Board Direction, and 
that letter-ballot ordered upon that question. 

The motion was seconded. 

moved and seconded that the report the 
Board accepted this meeting, and that letter-ballot ordered 
issued. there any 

There was discussion. 

(On vote, the motion was duly carried.) 

President, that all the business that 
have present the Society, but have letter which would like 
read. 

The Secretary read the following letter: 


“Denver, May 14th, 1908. 
“Mr. Warren 
“Sec., Am. Soc. E., 
“New York City, 
“New York. 

the Fortieth Annual Convention the American 
Society Civil Engineers will held Denver June, the 
Colorado Society most cordially extends its hospitality 
this occasion. 

“The rooms the Society are open daily during business hours 
and the Society invites the Members and friends the American 
Society Civil Engineers visit the rooms and make themselves 
home there. 


> 
“Yours truly, 
“THomas WILKINSON, 
resident. 
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Tue there further business before 
this Convention this time, and therefore motion adjourn would 
order; but, before such motion made, would state that 
required the Constitution that meeting the Board 
Direction should take place upon the occasion the Annual Con- 
vention. The particular time not fixed, but, inasmuch there are 
probably more members the Board present this time than are 
likely have any other time, would request that the members 
the Board Direction who are here should remain after the 
meeting adjourned. They will not detained any great length 
time, but will fulfill our duties, under the Constitution, calling 
the Board together. 

The meeting thereupon adjourned. 
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FORTIETH CONVENTION. 
EXCURSIONS AND ENTERTAINMENTS. 


The arrangements for the Convention were the hands the 
following Committees: 


Committee the Board Direction. 


Local Committee Arrangements. 


Jaycox 


Special Train From Chicago. 


special train, arranged for, through committee Chicago 
members, left Chicago 12.45 M., over the Chicago, Burlington 
Quincy R., arriving Denver 5.30 Monday, June 
22d, 1908. 

The equipment this train, which more than one hundred 
members the Society and their families made the trip, was 
excellent, two dining cars, observation car, being provided for 
the comfort the party. 


Informal Reception. 


Monday, June 22d, informal reception, with 
dancing, was held the rooms the Pan-Hellenic Club which had 
been tendered for the use the Society through the courtesy the 
President the Club, Mr. Charles Kibler, and its Board 
Directors. This was most enjoyable affair, which all those who 
had arrived Denver from distance, and many and 
their guests, participated. 


Seeing Denver Trip. 


Tuesday, June 23d, excursion over the lines 
the Denver City Tramway Company, tendered through the courtesy 
John Beeler, Am. Soc. E., Vice-President and General 
Manager, and the Mayham Investment Company, occupied 
about two hours this afternoon, and was fully enjoyed all those 
who attended the Convention. 

During the entire Convention the Denver City Tramway Com- 
pany tendered free transportation over all its lines all those who 
registered members the Convention party. This courtesy was 
very greatly appreciated all. 
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Excursion Over the Moffat Road. 


Wednesday, June 24th, was all-day excursion, 
starting 7.45 M., special train tendered the Denver North- 
western Pacific Railway (The Moffat Road), through the courtesy 
Deuel, Esq., General Manager. 

The Continental Divide was crossed elevation ft., 
and Arrow, which was reached o’clock, about three-quarters 


hour was spent. the return trip, luncheon was served, and 
the party reached Denver about 


Visit Lakeside Park. 


Thursday, June 25th, 1908—The Local Committee had arranged 
that all members should visit this Amusement Park which has just 
been completed, and very delightful evening was spent this resort. 


Excursion Fort Collins. 


Friday, June 26th, all-day excursion was made 
special train leaving Denver 8.45 M., upon the invitation the 
Colorado Southern Railway, Parker, Vice-President, and 
Cowan, Am. E., Chief Engineer, the return journey from 
Greeley being made over the Union Pacific Railway through the 
courtesy Huntley, Esq., Chief Engineer. 

the outward trip stop was made the University Colorado 
Boulder, where brief inspection that Institution was made 
invitation Ketchum, Am. E., Dean the Depart- 
ment Engineering. 

Leaving Boulder, the train arrived Fort Collins o’clock, 
where the entire party was entertained luncheon the grounds 
the State Agricultural College the College and the citizens 


Fort Collins. Returning, the party arrived Greeley and 


Reception and Ball. 


Friday, June 26th, entertainment, which was tendered 
the Colorado members the Society, was held Jebel Temple, 
and was very largely attended the members the Society and citi- 
zens Denver. was most thoroughly enjoyed all. 


Post-Convention Excursions. 


During Saturday, June 27th, 1908, the temporary headquarters 
the Society was transferred the Antlers Hotel, Colorado Springs, 


Colo., and the following excursions and entertainments were carried 
out. 
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The High Drive. 


invitation the Colorado Polytechnic Society, van Diest, 
President, and the Colorado Springs Chamber Commerce, Henry 
Russell Wray, Secretary, the entire party was taken drive, 
about four hours’ duration, over what known the High Drive. 
The party was divided into two sections, the first section taking the 
drive the afternoon Saturday, and the second section the 
morning Sunday. The remainder Saturday and Sunday was 
spent the according individual desire. Arrangements 
were made for special trip, which was largely attended, the top 
Pike’s Peak see the sun rise, and many visited Stratton Park, 


Garden the Gods, Manitou, and many interesting points the 
vicinity. 


Excursion Cripple Creek. 


Monday, June 29th, entire party was taken special 
train, leaving Colorado Springs M., over the Colorado Springs 
Cripple Creek District Railway (The Short Line) Cripple Creek. 
Luncheon was served the train after arrival Cripple Creek. After 
luncheon, electric cars were provided for trip Victor via the 
“High Line,” and returning via the “Low Line.” This trip was 
about one and half hours’ duration, and the special train returned 
Colorado Springs over the Colorado Midland Railway, arriving 
about This excursion was tendered the Railway Companies 
mentioned, through Messrs. George Vallery, General Manager 
the Colorado Midland, and Waters, President and General 
Manager the Colorado Springs Cripple Creek District Railway. 


Informal Reception with Dancing. 


informal reception, with dancing, the ballroom the Antlers 
Hotel, was tendered through the courtesy Mr. Dunning, 
Manager, and was largely attended and very enjoyable. 


Excursion the Royal Gorge. 


Tuesday, June all-day excursion was made 
special train leaving Colorado Springs Luncheon was served 
Parkdale Station, which was reached about o’clock, and the 
party returned Colorado Springs about 5.30. The route the 
excursion was through Pueblo, Florence, and City, but, owing 
the length the trip, stops could not made these places. 

This excursion was tendered the Denver Rio Grande Railroad, 


Ridgeway, Esq., General Manager, and Gwyn, Assistant 
Chief Engineer. 


. q 


Acknowledgment Courtesies. 


one the meetings the Society Denver, resolution was 
passed requesting the Board Direction express the thanks 
the Society those who had extended such great courtesies its 
members and guests. Owing the fact that meeting the Board 
Direction has been held since the Convention, formal action has 
not yet been taken, but such acknowledgment will made each 
individual corporation which the Society indebted. 


Attendance, 


compilation, made one the members, may interest, 
shows that the attendance the Convention was perhaps more 
largely representative the whole country than any previous 
Convention the Society. follows: 


The total attendance was 438, and consisted 186 members 
various grades (127 Members, Associate Members, Fellow, 
Juniors), and 252 guests. The following list shows that States, the 


District Columbia, the Philippine Islands and Canada were each 
represented 


Number Number 

attendance. attendance. 
District Columbia....... Dakota.............. 


Total registration, 438. 
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The following list gives the names the 186 members present: 


Abrams, A...... Urbana, 
Ahern, Wyo. 
Allen, C..... Syracuse, 


Anderson, Colo. 
Archbald, James..Scranton, Pa. 
Ashbaugh, E., 

Colorado Springs, Colo. 
Ashton, W..Salt Lake City,Utah 


Baker, Ira O...Champaign, 
Baldwin, H.Pathfinder, Wyo. 
Baldwin, Ward...Cincinnati, 
Ball, B.........Chicago, 
Barnett, W....... Athens, Ga. 
Beeler, A...... Denver, Colo. 
Belcher, E., 
Colorado Springs, Colo. 
Bensel, A....New York City 
Blanchard, H., 
Providence, 
Blauvelt, D....Denver, Colo. 
Blodgett, M.Kansas City, Mo. 
Buehler, Minn. 
Burns, S...Kansas City, Mo. 


Campbell, Paso, Texas 
Carberry, Ray S.Mitchell, Nebr. 
Carr, Albert, 
Colorado Springs, Colo. 
Carter, J....Cleveland, Ohio 
Cartlidge, H....Chicago, 
Chadbourn, H., 
St. Paul, Minn. 
Chester, N....Pittsburg, Pa. 
Childs, W..... St. Louis, Mo. 
Christian, L..New York City 


Collins, S...Omaha, Nebr. 
Condron, L.....Chicago, 
Connor, H., 

Leavenworth, Kans. 

Minneapolis, Minn. 
Cooley, W...... Mack, Colo. 
Cowan, W....Denver, Colo. 
Crocker, Colo. 
Crook, A....Falls City, Nebr. 
Cunningham, 

St. Louis, Mo. 

Curtis, B...... Denver, Colo. 


Darrow, T....Lincoln, Nebr. 
Darwin, G...New York City 
Davis, M.......Dallas, Texas 
DeBerard, Cal. 
Deen, W........Salida, Colo. 
Deyo, F...New York City 
Douglas, B.......Detroit, Mich. 
Dyer, J.....Nashville, Tenn. 


Edes, Francisco, Cal. 
Elbury, Hutchinson, Kans. 
Engle, L.Johnson City, Tenn. 


Ferguson, York City 
Finley, H......Batavia, 
Flad, Edward....St. Louis, Mo. 
Follett, Paso, Texas 
Palo Alto, Cal. 


Gardner, M.Memphis, Tenn. 
Garrett, P.....St. Louis, Mo. 
Gay, W...Fort Collins, Colo. 


— 
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Gayler, Carl..... St. Louis, Mo. 
Gray, E., Jr......Roanoke, Va. 


Hammond, J., 
South Bend, Ind. 
Hansel, York City 
Herbert, M., 
Bound Brook, 
Hider, Arthur..Greenville, Miss. 
Highley, Lee..... St. Louis, Mo. 
Holbrook, Winfield, 
Granite, Colo. 
Honens, W..... Sterling, 
Hopkins, F...Pittsburg, Pa. 
Horn, C........Boise, Idaho 
Houston, N...Denver, Colo. 
Howard, P...Cleveland, Ohio 
Hughes, D..Kansas City, Mo. 
Hughes. M..... Chicago, 
Hunt, Chas. Warren, 
New York City 
Hunter, B..... Denver, Colo. 
Hyde, Lincoln.Columbia, Mo. 


Jaycox, Thomas Denver, Colo. 


Kauffman, A..Denver, Colo. 
Ketchum, Colo. 
King, S.......Omaha, Nebr. 


Ledoux, W..Philadelphia, Pa. 


Lewis, Nelson York City 
Lewis, R....Trinidad, Colo. 
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Livingston, R., 
Cafion City, Colo. 
Loomis, Horace..New York City 


R., 


Salt Lake City, Utah 
Lynch, L......Tyler, Texas 


Macdonald, Charles, 
New York City 
McConnell, W., 
Montrose, Colo. 
Hunter, 
Nashville, Tenn. 
Maignen, 
Philadelphia, Pa. 
Maitland, Alexander, 
Kansas City, Mo. 
Manley, Henry...Boston, Mass. 
Marple, Pa. 
Matthes, H., 

Colorado Springs, Colo. 
Meryweather, Denver, Colo. 
Modjeski, 
Mogensen, York City 
Moser, B., 

Cripple Creek, Colo. 
Munn, 
Nebraska City, Nebr. 
Murtaugh, M., 
Salt Lake City, 


Newton, W..... Chicago, 
Owen, 


Parsons, W.....Steelton, Pa. 
Patten, B...Cheyenne, Wyo. 
Payne, H...Los Angeles, Cal. 
Pendleton, E., 

Vicksburg, Miss. 
Phillips, Hiram..St. Louis, Mo. 
Poetsch, J..Milwaukee, Wis. 
Porter, Sam G.....Holly, Colo. 
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Prince, George T..Denver, Colo. Taylor, A..... Boston, Mass. 

Taylor, A..... Pittsburg, Pa. 


Raynor, W.....Denver, Colo. 
Randolph, 


Robinson, F....Chicago, 
Robinson, R....Urbana, 
Russell, Bent. Ky. 


Saunders, L..New York City 
Schwitzer, E., 

Winnipeg, Man., Canada 
Selby, Ohio 
Simpson, D... Mitchell, Nebr. 
Sisson, A...... Manila, 


Skinner, G....Denver, Colo. 


Smith, Waldo.New York City 
Smith, P...Tucson, Ariz. 
Spengler, A.......Denver, Colo. 
Staniford, W.New York City 
Strachan, Joseph, 

Brooklyn, 
Strahan, M.....Athens, Ga. 
Sumner, A.....Denver, Colo. 
Swain, F......Boston, Mass. 


Thomson, F.New Paltz, 
Todd, Miller. Vicksburg, Miss. 
Triest, G....New York City 
Tyler, Roy D...... Franklin, Pa. 


Vail, D.......Denver, Colo. 


Wagner, C..Philadelphia, Pa. 
Wallace, John F.New York City 


Warder, H...... Chicago, 


Wentworth, C..Roanoke, Va. 
West, 
Wilkerson, J...Pittsburg, Pa. 
Wilkins, G....Pittsburg, Pa. 
Wilkinson, L...Denver, Colo. 
Williams, S.Ann Arbor, Mich. 
Willis, Paul........Chicago, 
Wortham, 

San Antonio, Texas 


Yates, C.......Lead, Dak. 


d 
Riggs, J.......Toledo, Ohio 


Affairs. 


ANNOUNCEMENTS 


ANNOUNCEMENTS 


every day, except Sundays, Fourth July, Thanksgiving Day, and 
Christmas Day. 


MEETINGS 


Wednesday, September 2d, 1908.—8.30 M.—Ballots for mem- 
bership will canvassed, and paper entitled “Notes Upon Docks 
and Harbors,” Luther Wagoner, Am. Soc. E., will pre- 
sented for discussion. 


This paper was printed Proceedings for May, 1908. 


Wednesday, September 16th, 1908.—8.30 M.—At this meeting 
paper entitled “The Sinking the Piers for the Grand Trunk 
Pacific Bridge Fort William, Ontario, Canada,” Wiley, 
Jun. Am. E., will presented for discussion. 

This paper printed this number Proceedings. 


Wednesday, October 7th, 1908.—8.30 M.—Ballots for member- 
ship, and ballots the proposed Amendments the Constitution, 
canvassed, and paper entitled “Catenary Trolley Construction,” 
Oliver Lyford, Am. Soc. E., will presented 
for discussion. 

This paper printed this number Proceedings. 


Wednesday, October 21st, 1908.—8.30 M.—At this meeting 
paper Van Cleve, Am. E., entitled “The Hydro- 
Electric Development and Transmission Lines The Canadian 
Niagara Power Company,” will presented for discussion. 

This paper printed this number Proceedings. 


PAPERS AND DISCUSSIONS 


future, all papers the Publication Committee will 
classified the Committee with respect their availability for 
discussion meetings. 

Papers which, from their general nature, appear charac- 
ter suitable for oral discussion will published heretofore 
Proceedings, and set down for presentation future meeting the 
Society, and, these, oral discussion well written communica- 
tions, will solicited. 

All papers which not come under this heading, that say, 
those which, from their mathematical technical nature, the 
opinion the Committee, are oral discussion, will not 
scheduled for presentation any meeting. Such papers will 
published Proceedings the same manner those which are 
presented meetings, but written discussions, only, will re- 
quested for subsequent publication Proceedings and with the paper 
the volumes Transactions. 
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PRIVILEGES ENGINEERING SOCIETIES 
EXTENDED MEMBERS THE 
AMERICAN SOCIETY CIVIL ENGINEERS 


Members the American Society Civil Engineers will wel- 


comed the following Engineering Societies, both the use their 
Reading Rooms and all Meetings: 


American Institute Mining Engineers, West Thirty-ninth 
Street, New York City. 

dos Engenheiros Civis Portuguezes, Lisbon, Portugal. 

Australasian Institute Mining Engineers, Melbourne, Victoria, 
Australia. 

Boston Society Civil Engineers, 715 Tremont Temple, Boston, 
Mass. 

Brooklyn Engineers’ Club, 197 Montague Street, Brooklyn, 

Canadian Society Civil Engineers, 877 Dorchester Street, Mon- 
treal, Que., Canada. 


Civil Engineers’ Club Cleveland, 718 Caxton Building, Cleveland, 
Ohio. 

Civil Engineers’ Society St. Paul, St. Paul, Minn. 

Cleveland Institute Engineers, Middlesbrough, England. 

Engineers’ and Architects’ Club Louisville, Ky., 303 Norton 
Building, Fourth and Jefferson Streets, Louisville, Ky. 

Engineers’ Club Baltimore, Baltimore, Md. 

Engineers’ Club Central Pennsylvania, Corner Second and 
Walnut Streets, Harrisburg, Pa. 

Engineers’ Club Philadelphia, 1317 Spruce Street, Philadelphia,Pa. 

Engineers’ Club St. Louis, 3817 Olive Street, St. Louis, Mo. 

Engineers’ Society Western Pennsylvania, Fulton Building, 
Pittsburg, Pa. 

Institute Marine Engineers, Romford Road, Stratford, Lon- 
don, E., England. 

Institution Engineers the River Plate, Buenos Aires, Ar- 
gentine Republic. 

Institution Naval Architects, Adelphi Terrace, 
England. 

Junior Institution Engineers, Street, Westminster, 
W., London, England. 

Koninklijk Instituut van Ingenieurs, The Hague, The Netherlands. 


Louisiana Engineering Society, 604 Tulane-Newcomb Building, 


New Orleans, La. 
Memphis Engineering Society, Memphis, Tenn. 


Midland Institute Mining, Civil and Mechanical Engineers, 


Sheffield, England. 
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Montana Society Engineers, Butte, Montana. 

North England Institute Mining and Mechanical Engineers, 
Newcastle-upon-Tyne, England. 

Oesterreichischer Ingenieur- und Architekten-Verein, Eschen- 
bachgasse Vienna, Austria. 

Pacific Northwest Society Engineers, 617-618 Pioneer Building, 
Seattle, Wash. 

Rochester Engineering Society, Rochester, 

Sachsischer Ingenieur- und Dresden, Ger- 
many. 

Sociedad Colombiana Ingenieros, Bogota, Colombia. 

Societe des Ingenieurs Civils France, Rue Blanche, Paris, 
France. 

Society Engineers, Victoria Street, Westminster, 
England. 


Svenska Teknologforeningen, 18, Stockholm, 
Sweden. 

Tekniske Forening, Vestre Boulevard 18-1, Copenhagen, Denmark. 

Western Society Engineers, 1737 Monadnock Block, Chicago, 


SEARCHES THE LIBRARY 


January, 1902, the Secretary was authorized make searches 
the Library, upon request, and charge therefor the actual cost 
the Society for the extra work required. Since that time many searches 
have been made, and bibliographies and other information special 
subjects furnished. 

The resulting satisfaction, the members who have made use 
the resources the Society this manner, has been expressed fre- 
quently, and leaves little doubt were generally known the 
membership that such work would undertaken, many would avail 
themselves it. 

The cost trifling, compared with the value the time en- 
gineer who looks such matters himself, and the work can per- 
formed quite well, and much more quickly, persons familiar with 
the Library. 

asking that such work undertaken, members should specify 
clearly the subject covered, and whether references general 
books only, are desired, whether complete bibliography, involving 
search through periodical literature, desired. 

reference this work, the Appendix* the Annual Report 
the Board Direction for the year ending December 1906, con- 
tains summary all searches made that date. 


*Proceedings, Vol. XXXIII, 1907). 
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LOCAL ASSOCIATIONS MEMBERS THE AMERICAN 
SOCIETY CIVIL ENGINEERS 


San Francisco, Cal. 


(Abstract) 


April 17th, 1908.—The eighteenth regular meeting the San 
Association Members, Am. Soc. was held; 
Marx, President, the chair; Franklin Riffle, Secretary; and present, 
also, members and guests. 

Luther Wagoner, Am. Soc. E., delivered lecture (illustrated 
with lantern slides) entitled “Notes Harbor Construction.” 


Adjourned. 
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ACCESSIONS THE LIBRARY 
(From May 12th August 1908) 


DONATIONS* 
CONCRETE CONSTRUCTION METHODS AND COST. 


Halbert Gillette, Am. Soc. E., and Charles Hill. 


Cloth, 690 pp. New York and Chicago, The 
Myron Clark Publishing Co., 1908. $5.00 net. 


The authors state that attemnt has been made this work discuss the 
subjects cement testing, the physical properties cements and concrete, and rein- 
forced concrete design, nor present general treatise cements, mortars, and 
construction, these subjects have been fully covered other authors. 
The object this book show, from the viewpoint the builder concrete 
structures, how best execute the construction work and what will cost for 
materials, labor, plant and general expenses. The facts the cost data and 
methods construction have been collected from engineering journals, the trans- 
actions engineering societies, Government reports, and from personal records, and 
have been added and re-analyzed the authors. While intended chiefly for the 
contractor and construction engineer, the authors believe that the book will prove 
useful also the architect and designing engineer. The Contents are: Methods 
and Cost Selecting and Preparing Materials for Concrete; Theory and Practice 
Proportioning Concrete; Methods and Costs Making and Placing Concrete 
Hand; Methods and Cost Making and Placing Concrete Machine; Methods 
and Cost Depositing Concrete Under Water and Subaqueous Grouting; 
Methods and Cost Making and Using Rubble and Asphaltic Concrete; Methods and 
Cost Laying Concrete Freezing Weather; Methods and Cost Finishing Con- 
Surfaces; Methods and Cost Form Construction; Methods and Cost Con- 
crete Pile and Pier Construction; Methods and Cost Heavy Concrete Work 
Fortifications, Locks, Dams, Breakwaters and Piers; Methods and Cost Con- 
structing Bridge Piers and Abutments; Methods and Cost Constructing Retain- 
ing Walls; Methods and Cost Constructing Concrete Foundations for Pavement 
Methods and Cost Constructing Sidewalks, Pavements, and Curb and Gutter; 
Methods and Cost Lining Tunnels and Subways; Methods and Cost Construct- 
ing Arch and Girder Bridges; Methods and Cost Culvert Construction; Methods 
and Cost Reinforced Concrete Building Construction; Method and Cost Build- 
ing Construction Separately Molded Members; Methods and Cost Aqueduct and 
Sewer Construction; Methods and Cost Constructing Reservoirs and Tanks; 
Methods and Cost Constructing Ornamental Work; Miscellaneous Methods and 


Costs; Methods and Cost Waterproofing Concrete Structures. There index 
ten pages. 


VEST-POCKET HANDBOOK MATHEMATICS FOR ENGINEERS. 


illus., pp. New York, John Wiley Sons; London, Chapman 
Hall, Limited, 1908. $1.00 net. 


This handbook, stated the preface, intended reference book for the 
use those who have studied are studying the branches mathematics usually 
taught engineering courses. most the material the book has been taken 
from various standard works mathematics and engineering, attempt has been 
made the author prove many the formulas given, the reader being referred 
such works for the proof and explanation the same. The Contents are: 
Trigonometry; Analytical Geometry; Differential Calculus; Integral Cal- 
culus; Theoretical Mechanics: Statics, Dynamics; Mechanics Materials: Beams, 
Struts and Columns; Torsion. There index three pages. 


CONCRETE (STRUCTURAL ENGINEERING, BOOK TWO). 


Edward Godfrey. Leather, in., illus., 448 pp. Pittsburg, 
The Author, 1908. $2.50 net. 

The first the four general divisions into which this work divided en- 
titled Survey the Field Concrete Design and Construction, Which Will 


Found Some This part consists discussions the properties, treat- 
ment and use cement, lime, stone, sand, and other ingredients that are used 


*Unless otherwise specified, books this list have been donated the publisher. 
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concrete construction, together with chapters steel for reinforced ccncrete, the 
finishing concrete surfaces, and forms for concrete work, etc. The second part 
consists series articles the author Beams and Slabs, Columns and 
Footings, and Retaining Walls, which articles were first published Engineering 
News various times during 1906. There are also letters from engineers 
criticising these articles and the author’s replies these criticisms. The third part 
consists eight articles reinforced concrete construction which were published 
Concrete Engineering during 1907, together with letters from engineers concern- 
ing the same and the author’s replies. The fourth and last part the book con- 
sists drawings showing piers, small arches, culverts, etc., illustrating current 
practice. These drawings have been taken from the current engineering periodicals 
and show actual structures. The book has neither table contents nor index. 


FIELD SYSTEM. 


Frank Gilbreth. Leather, in., illus., 192 pp. New 


York and Chicago, The Myron Clark Publishing Co., 1908. $3.00 
net. 


The object this book show how field work may done economically, 
systematically, and the shortest possible time means effective working 
system. Such system contained this book, the rules and instructions given 
being the results the author’s twenty years’ experience the general contracting 
business. These rules and instructions were compiled originally for the guidance 
the superintendents and foremen his employ, and consist mainly ideas and 
suggestions made his most successful workmen. The book contains outlines 
the system accounting without books used his company, and his 


fixed-sum” contract, together with many working drawings, charts, etc. There 
index twenty-three pages. 


METHODE CALCUL BETON ARME 


Barémes pour Determiner les Dimensions. Par Nivet. 


Paper, in., illus., 167 pp. Paris, Dunod Pinat, 
1908. 


The method calculation developed the author stated accord with 
the conclusions published the Committee Reinforced Concrete, and answers 
the demands Article the French Government instructions October, 1906. 
These calculations have been confirmed numerous tests, and are based upon 
actual sections and not upon supposition. The first chapter contains communica- 
tion the subject made the author the French Association for the Advance- 
ment Science, Cherbourg 1905. The second chapter consists tables (75 
pp.) which contain the results obtained numerous persons who have used rein- 
forced concrete. Chapter III relates the application these tables actual 
work, etc. The Appendix contains the Circular the Minister Public Works 


France, October, 1906, relating the use reinforced concrete. There 
index two pages. 


PROFIT MAKING SHOP AND FACTORY MANAGEMENT. 


Charles Carpenter. Cloth, in., 146 pp. New York, 
The Engineering Magazine, 1908. $2.00 net. 


The subject-matter this book was first published serial The Engineer- 
ing Magazine during 1907, but has been revised and enlarged the author for 
its presentation book form. stated concise expression the study 
works-management methods, particularly the inside management the 
shop factory, which the author has developed and found effective his own 
practice Manager. and President the Herring-Hall-Marvin Safe Company and 
other large manufacturing plants with which has been connected. The Contents 
are: The Reorganization Run-Down Concern; The Practical Working the 
Committee System; Reports: Their Necessity and Their Uses; The Designing and 
Drafting The Tool Room: The Heart the Shop; Minimizing the Time 
Machine-Tool Possibilities Attending the Use High-Speed Steel; 
The Standard Times for Machining Operations; Standard Times for 
Handling the Work; Standard Times for Assembling; Stimulating Production the 
Wage System; Stock and Cost Systems Factor Profit Making; The Upbuild- 
ing Selling Organization; Effective Organization the Executive Department. 
There index. 
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THE DESIGN TYPICAL STEEL RAILWAY BRIDGES. 


Elementary Course for Engineering Students and Draftsmen. 
York, The Engineering News Publishing Company; London, Archi- 
bald Constable Company, Limited, 1908. $2.00 net. 


This volume the outgrowth series lectures given the author under 
the auspices the Dominion Bridge Company, which Assistant Engineer, 
and may considered sequel previous work, ‘‘Bridge and Structural De- 
The structures discussed, stated, are the most common types railway 
bridges, they illustrate best the problems which most frequently confront the 
bridge designer. After general specification for loads, unit stresses, etc., tables 
are given for permissible unit stresses columns and for the rivet values used 
the designs. This chapter also includes instructions for constructing the moment- 
diagram used computing the bending moments and shears for wheel-loads. The 
designs the various types bridges chosen examples are then considered 
detail: the loads carried each are stated; the stresses the various mem- 
bers are determined; the dimensions these members are computed, and the details 
worked out, estimates the weights the completed structures being given for 
each design. These estimates have been closely calculated when detail drawings are 
given, other cases percentage the weight the main material the trusses 
has been added for details. the concluding chapter, Latticing Com- 
pression has been treated from the viewpoint that lattice-bars are required 
develop the bending stress due the flexure assumed the particular column 
formula adopted. The Contents are: Introductory, Specification for Steel Railway 
Bridges, Moment Diagram; The Design 60-Ft. Deck Plate Girder; The Design 
100-Ft. Deck Warren Girder; The Design 150-Ft. Through Pratt Truss; 
The Design 200-Ft. Through Pratt Truss with Curved Top-Chord; The Design 
170-Ft. Swing-Bridge; The Design Railway Viaduct; Additional Types 
Steel Railway Bridges; The Latticing Compression Members. There index. 


THE THEORY, DESIGN AND CONSTRUCTION INDUCTION COILS. 


Armagnat. Translated and Edited Otis Allen Kenyon. 


Cloth, in., illus., 216 pp. New York, McGraw Publishing 
Company, 1908. $2.00 net. 


The induction coil one the oldest forms electrical apparatus, but, 
stated the translator’s preface, owing its limited field application, etc., 
there has been comparatively little progress toward making its design exact 
science. Within the past few years its use has been applied medicine, wireless 
telegraphy, gas-engine ignition, etc., that has grown important com- 
mercially the electric motor. This, together with the lack practical work- 
ing theory upon which base its design, led the translation this book. After 
Introduction, which the author defines the special terms used and reviews 
the principles the induction coil, gives short résumé its history. This 
followed chapters the theory, construction and operation the various 
types interrupters now use. chapter special apparatus, such the 
Tesla transformer, resonators, etc., then given, and this, turn, followed 
chapter the various uses the induction coil. stated that the 
author’s theoretical deductions are based upon and checked with actual results. 
There collection oscillograms illustrating the points discussed the 
author. There bibliography the subject, covering the years 1832 1904 
inclusive, which the translator has added the most important articles published 
from that time date. The Contents are: Introduction; History; Theory 
Mechanical Interrupters; Theory Electrolytic Interrupters; The Secondary Cur- 
rent; Power and Efficiency; Construction Induction Coils; Interrupters; 


Special Apparatus; Uses Induction Coils; Bibliography, There index 
four pages. 


THE AMERICAN PRACTICE GAS PIPING 


And Gas Lighting Buildings. Wm. Paul Gerhard. Cloth, 


in., pp. New York, McGraw Publishing Company, 1908. 
$3.00 net. 


Gas installation, how gas-fitting may done that gas may used ad- 
vantageously the illumination buildings, and the uses gas and their ad- 
vantages, are the subjects treated the author. does not discuss the various 
processes manufacture, the distribution illuminating gas, the lighting 
public streets, nor does give any detailed technical instruction regarding 
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the practical work and mechanical details the gas-fitter’s work the piping 
buildings. While the book intended for the use the gas consumer and 
householder, architects, engineers, builders, etc., may find useful acquiring 
better knowledge the introduction, distribution, and utilization gas 
buildings. The book contains bibliography the subject arranged, far 
dates were available, the year publication. The Contents are: Prejudices 
Against the Use Gas; Popular Fallacies About Gas; Advantages Gas 
Advantages Gas Source Heat and Power; The Arrangement 
Gas Piping Buildings; Specification for Gas Piping for Coal Water Gas; 
Rules, Tables and Regulations Gas Companies and Building Departments; 
Piping for Natural Gas; Piping for Air, Gas Gasoline Machine Gas; Piping for 
Acetylene Gas; The Testing Gas Pipes; Gas-Light Illumination; Gas Burners; 
Gas-Pressure Regulation; Gas Globes and Globe Holders; Gas Fixtures; Gas- 
Meters and Gas-Meter Stories; The Illumination Interiors with Gas Lights; The 
Lighting Country Houses; The Relations Between Gas Companies and Gas 
Consumers; Practical Hints for Gas Consumers; Some Facts About the Gas Sup- 
ply; Accidents with Gas; Dangers the Public Health from Illuminating and 
Fuel Gas; Dangers Gas Leakage (Continued) Historical Notes the Develop- 


ment and Progress the Gas Industry; Bibliography Gas Lighting. There 
index twelve pages. 


TREATISE THE PRINCIPLES AND PRACTICE HARBOUR ENGINEERING. 


London, Charles Company, Limited; Philadelphia, 
Lippincott Company, 1908. $5.00 net. 


This book, together with previous work Engineering” the same 
author, covers, stated, the departments marine engineering most interesting 
civil engineers. Some the material that work has been necessarily dupli- 
cated this volume, but the author has added new features interest and new 
illustrations. The first chapter contains history harbors and harbor engineer- 
ing from the earliest times. This followed chapter the investigation 
the principles harbor design, namely, the choice location, the facilities for 
internal communication, and the effects winds, waves and tides, etc. Chapters 
III IX, inclusive, are devoted methods and materials necessary harbor 
construction, such surveying, piles, stone supplies, breakwaters, pierheads, 
quays, etc., and entrance channels. these chapters, and throughout the book, 
the author cites harbors England and all parts the world examples 
illustrate his points. Chapter contains discussion the necessity sys- 
tematic channel demarcation, signals, lights, lighthouses, etc. The Contents 
are: Introductory; Harbour Design; Surveying, Marine and Submarine; Piling; 
Stone: Natural and Artificial; Breakwater Design; Breakwater Construction; Pier- 


heads, Quays, and Landing-Stages; Entrance Channels; Channel Demarcation. 
There index five pages. 


THE DESIGN, CONSTRUCTION AND MAINTENANCE SEWAGE DISPOSAL 
WORKS. 


Being Practical Guide Modern Methods Sewage Purifica- 
in., illus., 414 pp. New York, Van Nostrand Company, 1908. 
shillings. (Presented the Author.) 


The author states that has considered the subject sewage disposal works 
from entirely practical viewpoint, namely, that the constructing engineer. 
The information contained this book has been collected from the author’s personal 
experience, from papers contributed scientific societies and technical periodicals, 
and from the various subjects discussed, such information being 
combined form comprehensive book reference. The author has classified 
his subject, and arranged the chapters that the various alternative methods 
sewage purification which have been use from 1900 1907, may considered 
separately. Detailed descriptions these methods are given the first nine 
chapters the book. Chapter the conditions affecting the volume storm 
water discharged sewers are considered. The design works for the treat- 
ment sewage which contains large proportion trade wastes, the circum- 
stances under which such wastes may admitted public sewers, and their effect 
the arrangement and capacity the works are the questions discussed Chapter 
XI. Chapter XII, the author considers the economic side the question, the 
maintenance and management sewage disposal plant, the principal duties the 
manager, together with the qualifications and education necessary for such posi- 
tion. The Contents are: Introduction; Alternative Methods Treatment and Pre- 
liminary Considerations Affecting the Design and Construction Works; Diffusion 
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Tidal Waters; Irrigation and Land Removal Matters Suspension 

Screening and Treatment Tanks; Chemical Precipitants and the Disposal 

Sewage Sludge; Filtering Media for Bacteria Beds; Contact Beds and Their Oper- 

Percolating Filters, Alternative Methods Construction and Working; Dis- 

tribution Over Percolating Filters; The Separation and Disposal Storm Water; 

Trade Wastes; Maintenance and Management Sewage Disposal 
orks. 


There index twelve pages, and the end several the chapters 
are references works different authors the subject. 


REINFORCED CONCRETE: 


Manual Practice. Ernest McCullough. Cloth, in., 
illus., 128 pp. Chicago, Cement Era Publishing Company, 1908. $1.00. 


This book intended the author be, stated the secondary title, 
manual practice. the chapters design, the use the straight-line formulas 
for stress and the limitations imposed the use working stresses are explained 
by_the desire the part the author keep within the requirements the 
ordinary building ordinances American cities. The book also contains much 
matter relating materials and methods construction, the principles which, 
according the author, apply all manner reinforced concrete work and are 
the results personal experience. Many tables are included the subject-matter, 
the greater number which are original. The Contents are: Strength Beams; 
Loads Beams; Columns; Walls, Tanks, and Footings; Design and Cost; Forms; 
The Conduct Work; Tools. There index three pages. 


HYDRAULICS RIVERS, WEIRS AND SLUICES. 


The Derivation New and More Accurate for Discharge 
Through Rivers and Canals Obstructed Weirs, Sluices, Ac- 
cording the Principles Gustav Ritter von Wex. David 


John Wiley Sons; London, Chapman Hall, Limited, 1908. 
2.00. 


this stage water-power development, this book, according the author, 
which contains the views and theories Hofrat von Wex river hydraulics, should 
prove most acceptable engineers interested the subject. While theoretical, the 
volume has been written for the practical engineer. tables have been added 
the original, the author advising, aids the solution the formulas given, the 
use Barlow’s tables squares, cubes, square roots and cube roots, and Zimmer- 
man’s Chapters VI, inclusive, new formulas are derived for 
variety weirs and sluices. Chapter VII devoted determination empiric 
coefficients for the new formulas. There are three appendices: which contains 
complete exposition all known older formulas for overfalls, and discussion 
their inconsistencies and irrational constitution; which gives solution 
novel problem hydraulics the flow over flight Panama Canal locks, and 
which the author states has never heretofore been solved satisfactory manner, 
far known; and which contains tabulations all the new formulas 
arranged for ready reference. The Contents are: Introduction; Fundamental Equa- 
tions; Complete Overfall Weirs; Incomplete Overfall Weirs; Sluice Weirs and 
Sluice Gates; Backwater Conditions; Flow Rivers and Canals; Empiric Coeffi- 
cients; Appendix Collection Weir Proposed Different Authors 
Appendix the Flow Over Flight Panama Canal Locks; Appendix 
Tabulation the New Formule. There index three pages. 


NOTES HYDRO-ELECTRIC DEVELOPMENTS. 


Preston Player. Cloth, in., illus., pp. New York, 
McGraw Publishing Company, 1908. $1.00 net. 


Present-day schemes for the utilization water powers have created demand 
for general treatment the subject which deals particularly with the commer- 
cial side the question. The object this little book, stated the preface, 
furnish information which will serve basis for decisions the merits 
any proposed undertaking. The subject treated avoid, far possi- 
ble, any discussion engineering principles which have been discussed other 
writers, and such manner that any person, with the aid experienced en- 
gineer, may judge the chances profit realized from water-power enter- 
prise. The Contents are: Preliminary Determinations; Methods Procedure; En- 
gineering Examination; The Extent the Market for Energy; Cost Energy 
Manufacture; Central Station Economics; Sale Electric Energy; Primary and 
Secondary Powers; Capital Costs. There index two pages. 
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PRACTICAL REINFORCED CONCRETE STANDARDS 


For the Design Reinforced Concrete Buildings. 


Simpson Bros. Corporation, 1908. 


has been the purpose the author, stated the preface, publish in- 
formation reinforced concrete the form standard sections, tables, and 
specifications, which will enable designs made such material rapidly 
and intelligently wood steel. Chapter contains brief theory rein- 
forced concrete construction, including original formulas for moments resistance 
T-beams, and tables standard sections. The tables contained Chapter 
have been used the design and construction several large buildings Boston, 
Mass.. which have been approved concrete specialists. The Contents are: 
Standard Sections; Tables; Reinforced Concrete Code; Reinforced Concrete Speci- 
fications Foundations: Loading, Classes Foundations. There index. 


PRACTICAL ITS VALUE AND COST, 


With Tables Comparative Cost, Relative Soil Production, Reser- 
voir Dimensions and Capacities, and Other Data Value the 
Practical Farmer. Aug. Bowie, Jr. Oloth, in., illus., 
232 pp. New York, McGraw Publishing Company, 1908. 
$3.00 net. 


this book the author has endeavored furnish data for determining the cost 
and value irrigation and the apparatus and machinery which may used for 
that purpose. stated the preface that the subject earth reservoirs has 
been treated detail account their usefulness. the chapter large 
reservoirs, the figures given are intended for general design, rather than for appli- 
cation individual cases. The Contents are: What Irrigation has Accomplished 
Units Use; Methods Irrigation Use; Evaporation; Actual Results Irri- 
gation; Different Sources Water Supply; Methods and Appliances for Obtaining 
Wells; Pumps and Pumping Machinery; Irrigation near Bakersfield; Meth- 
ods Charging for Water Irrigation; Economic Limit Irrigation; Earth Tanks; 
Large Artificial Reservoirs; Large Reservoirs for the Storage Artesian Water; 
Econemic Uses Reservoirs and Tanks; Appendix Tables; Appendix: Circu- 
lar Embankments. There index four pages. 


BALDWIN HEATING 


Or, Steam Heating for Buildings Revised. Being Description 
Steam Heating Apparatus for Warming and Ventilating Large Build- 
ings and Private Houses, with Remarks Steam, Water, and Air, 
Their Relation Heating; Which are Added Useful Miscellaneous 
Tables. William Baldwin, Am. Soc. Sixteenth Edi- 
tion, Revised and Enlarged. Cloth, in., illus., 404 pp. 
Wiley Sons; London, Chapman Hall, Limited, 


far this book relates the principles steam heating, where the water 
condensation returned gravitation the boiler, little change from the 
earlier editions has been made. The author states that, this edition, includes 
facts relating the principles modern steam fitting, developed practice, 
experience, and experiment, fact all that goes make the engineering plant 
modern city building, except the electric light and elevator systems. The first 
part the book devoted the principles heating apparatus, etc., and detailed 
explanations are given the latter part, the whole work conforming far pos- 
sible the order the earlier editions. The chapters which have been retained 
have been modified include the present improvements practice. The Contents 
are: Gravity-Circulating Apparatus; Radiators and Heating Surfaces; Classes 
Radiation; Heating Surfaces Boilers; Boilers for House Forms 
Boilers Used Heating; General Remarks Boiler Setting; Proportion the 
Heating Surfaces Boilers the Heating Surfaces Buildings; Grates and Chim- 
neys; Safety-Valves: Draft-Regulators; Automatic Water-Feeders: Air-Valves 
Radiators: Steam Pipe, Size, Area, Expansion, etc.; Size Main-Pipes for Low- 
Pressure Steam-Heating; Steam; Heat Steam; Air; High-Pressure Steam Used 
Expansively for Power and Heating; Exhaust Steam and Its Value; 
Exhaust-Steam Heating; The Separation Grease from Exhaust Steam; Boiling 
and Cooking Steam, and Hints How the Apparatus should Connected; 
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Drying Direct Steam; Drying Air Currents; Steam Traps; Valves for Radia- 
tors; Remarks Boiler Connections and Attachments; Data Condensation 
Radiators; Pipe Covering—What Saved Thereby, and Other Data; Miscellaneous 
Notes; Fire from Steam-Pipes; Steam-Heating Data; Miscellaneous Notes and 
Tables. There index ten pages. 


THE PLANE TABLE 


pp. New York, McGraw Publishing Company, 1908. 
$1.00 net. 


The plane table, although one the oldest surveying instruments, has never 
come into general use for railroad and land surveying this country Europe. 
The author states that this may explained because the lack knowledge 
the instrument and its methods, heretofore little has been written the subject. 
this book, discusses detail the various forms plane tables and the 
methods for using them for the mapping parks, preserves, municipalities and 
tracts land, states that plane-table method the most rapid, 
economical and satisfactory way making map yet discovered. accurate 
detects and corrects error during the continuance field work, and 
well-nigh universal surveying instrument for all the purposes for which 
map intended.” The are: Introduction; Forms Plane Tables; 
Adjustment the Alidade; Plane-Table Triangulation; The Three-Point Problem; 
The Two-Point Problem; Centering the Plane Table over the Station; Vertical Tri- 
Signals; Land Surveys; Plane-Table Traverse; Conclusion. 
There index one page. 


TELEPHONE LAW: 


The Organization and Operation Telephone Companies. 
MeMillan. Cloth, in., 331 pp. New York, McGraw 
Publishing Company, 1908. $3.00 net. 


This book not intended exhaustive treatise the subject telephone 
law, the aim the author being compact and concise work such legal informa- 
tion will value persons actually engaged the telephone business rather 
than practicing lawyers. stated that thorough the statutes 
the different States has been made, and number citations legal authorities 
may found throughout the book. Such citations are not repeated except the 
the question regarding telephone lines the highway being held 
additional burden upon the abutting property, which case réferences are given 
decisions each State where the question has been passed upon. The author the 
legal editor the American Telephone Journal, and this book the result the 
author’s studies the law relating telephone companies. The Contents are: The 
Choice State from Which Secure Charter; What the Charter Should Con- 
Code By-Laws and Regulations; Keeping the Records the 
Corporation Federal, State and Municipal Franchises; Ordinances, Commonly Called 
Franchises, Providing the Regulations Under Which Telephone Companies are Per- 
mitted Build Lines Municipalities; Rates, Rentals and Charges; Rights Way 
and Private Owners; Eminent Domain; Location Poles and Wires; Respective 
Rights Telephone Companies and Electric Light and Traction Companies; Build- 
ing Through Established Lead-Joint Occupation Pole Lines: Subways and Under- 
ground Conduits; Cutting and Trimming Trees; Financing Plans and Securities; 
Telephone Companies Public Carriers; Taxation; Questions Damages; Con- 
tracts, Fire Insurance, Employers’ Liability Insurance; Regulations and House 
Moving; Appendix Forms. There index eleven pages. 


CURVES FOR CALCULATING BEAMS, CHANNELS AND REACTIONS. 


Manual for Engineers, Architects, Designers, Draughtsmen, 
Builders and Contractors. Sidney Diamant. Cloth, in., 


pp. New York, McGraw Publishing Company, 1908. 
$2.00 net. 


has been the aim the author supply, this book, time-saving.method 
calculation, through the use beam curves, those interested structural 
engineering and building construction general. stated that, the aid 
these charts, the calculations involved the regular method may eliminated, 
that they may used checks for the work already done. The curves given 
complete far general use and standard beams are concerned, while method 
given for plotting the results for any beam and any intensity loading. Through 
the courtesy the Cambria Steel Company, the author has inserted his work its 
table “Properties Beams and Channels.” 
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Gifts have also been received from the following: 


Agri. and Mech. Coll. Texas. vol. 
Ala.-Geol. Survey. bound vol. 
Alumni Assoc. Univ. Chicago. 


pam. 
Assoc. for the Advancement Sci. 


vol. 
Am. Inst. Min. Engrs. vol. 

Am. Iron and Steel Assoc. pam. 

Am. Ry. Assoc. pam. 

Am. Telephone and Telegraph Co. 


pam. 
Amsterdam, Y.-Board Water 
Commrs. pam. 


Amsterdamsche Fabriek van Cement Ijzer 
Werken. blue prints. 

Armour Inst. vol. 

Assoc. Amicale Eléves 
Centrale des Arts Manu- 
factures. vol. 

Assoc. Am. Portland Cement Mfrs. 
bound vol. 

Assoc. Parisienne des Propriétaires d’Ap- 
pareils Vapeur. pam. 

Augusta, Ga.-City Council. pam. 

Md.-Water Board. vol. 

Belgium-Ministére des Chemins Fer, 


Postes Télégraphes. bound 
vol., vol. 

Belzner, Theodore. pam. 

Bengal, India-Under Secy. Govt. 
bound vol. 

Bilbao, Spain-Junta Obras del Puerto. 
bound vol. 

Birmingham Midland Tramways, Lim- 


ited. pam. 
Boston Manufacturers Mutual Fire Ins. 
Co. pam. 
Boston Soc. Civ. Engrs. 
Boughton, 
Bowers, George. 
Mineralogist. 
Brown Univ. bound vol. 
Burlington, Iowa-City Clerk. 


pam. 
vol. 


vol., 


pam. 
Burlington, Vt.-City Clerk. pam. 


Cal., Univ. of. bound vol., vol., 
pam. 

Cambridge, -City Messenger. 
bound 


Cambridge, -Water Board. pam. 
Canada-Dept. Marine and Fisheries. 


pam. 

Canada-Dept. Mines, Geol. Survey 
Branch. vol. 

Canada-Geol. Survey. bound vol., 
pam., maps. 


Canadian Soc. Civ. Engrs. pam. 


vol., 


Cape Good Hope-Geol. Comm. maps. 
Castanheira das Neves, pam. 
Central South African Rys. bound 


vol., vol. 
Chili-Direccion Fiscal del Alcantarrilado. 


pam. 
Cincinnati, Ohio-Board 


Trustees, 
“Commrs. 


pam. 
Cincinnati. Univ. of. vol. 
Clinton, Mass.-Water Commissioners. 
pam. 


Collegio Toscano degli 
Architetti. pam. 

Colo.-Agri. Exper. Station. pam. 

Colo.-State Agri. Coll. vol. 

Colo. School Mines. vol. 

Colo., Univ. of. vol., pam. 

Compagnie des Chemins Fer 

pam. 

Compagnie des Chemins Fer 
pam. 

Compagnie des Chemins Fer Paris 


pam. 

Compagnie Chemin Fer Paris 
Orléans. 


Ingegneri 


pam. 
Compagnie Chemin Métropoli- 
tain Paris. pam. 
Concord, H.-Board Water Commrs. 
Concrete Steel Eng. Co. pam. 
Conn. Soc. Civ. Engrs. vol. 
Cooper Union for the Advancement 
Sci. and Art. pam. 
Copper Range Consolidated Co. 
Cornell Univ. vol., pam. 
Cozzo, Luigi. pam. 
Cuba-Comision Ferrocarriles. 
Delaware Coll. pam. 
Dunod, H., Pinat. bound vol., 
pam. 
East Ry. Co. pam. 
Egyptian Delta Light Rys., Ltd. pam. 
Egyptian State Rys. and Telegraphs. 


pam. 
Eng. Soc. Columbia Univ. vol. 
Eng. Soc. Univ. Iowa. pam. 


pam. 


pam. 


Engrs.’ Club New York. 
vol. 

Engrs.’ Club St. Louis. pam. 

Engrs.’ Soc., Univ. Minnesota. 


ol. 

Erie, Pa.-Commrs. Water-Works. 
pam. 


Fitchburg, Mass.-City Engr. pam. 
Florida-R. Comm. vol. 
George Washington Univ. vol. 


Georgia, Univ. of. vol. 
Germany-Kaiserliche Generaldirektion der 
Glasgow Corporation Tramways. vol. 
Mass.-City Clerk. bound 


Hamilton, Ont.-City Engr. 


pam. 


Harvard Univ. vol., vol. 
Haverhill, Mass. Engr. pam. 


Henderson, 
Herschel, Clemens. 

Holgate, Henry. pam., plates. 
Geol. Survey. bound 


vol. 
Soc. Engrs. and Surveyors. 
vol. 
Illinois, Univ. of. vol., pam. 


Illinois, Univ. of.-State Water Survey. 
pam. 


charts. 
pam. 


der 


vol. 
und 


Affairs. 


Imperial Rys. North China. 

India-Indus River bound 

India-Ry. Board. vol. 

India-Under Secy. Govt. vol. 

Indian Midland Ry. Co., Ltd. pam. 

Institution Elec. Engrs. pam. 

Institution Mech. Engrs. vol. 

Inter. Assoc. Municipal Electricians. 
bound vol. 

Internationaler Verband der 
Schiffahrts-Congresse. pam. 

Iowa, State Univ. of. vol. 

Japan-Imperial Investigation 
Comm. pam. 

John Crerar Library. vol. 

Johns Hopkins Univ. vol. 

Kansas-State Board Commrs. 
bound vol. 

Kansas City, Mo.-Dept. Water- Works. 


pam. 
Kansas, Univ. of. vol. 
Kent, William. pam. 
Kentucky-R. Comm. bound vol. 
Kentucky State Univ. pam. 
Knowles, Morris. bound vol. 
Lal, Chiranji. bound vol. 
Leland Stanford Junior Univ. 


vol., pam. 
Lewis, Nelson bound vol. 
pam. 
pam. 


Lewis Inst. 
Lewiston, Me.-Water Board. 

Y.-Board Public 

pam. 


Little Falls, 
Works. 
Louisiana-Board State Engrs. 
pam. 
Louisiana-R. 
vol., 
Louisiana- State Appraisers. 
bound vol., pam. 
Lowell, Mass.-Water 


pam 


bound 


vol., 


bound vol., 


Department. 
pam. 
Lynn, Mass.-Board Public Works. 


pam. 

Lynn, Mass.-Public Water Board. 
pam. 

McKeesport, Pa.-Board Water and 


Lighting Commrs. pam. 
McKenna, bound vol., pam. 
Madison, Wis.-Board Water Commrs. 


vol. 

Manchester, Dept. 
bound vol., pam. 

Manchester, H.-Board Water 
Commrs. pam. 


Mass.-Water Commrs. 


pam 

vol. 

Mass.-Metropolitan Water and Sewerage 
Board. bound vol. 

Mass.-State Board Gas and Electric 
Light Commrs. bound vol. 

Massachusetts-State Highway Comm. 
bound vol. 

Meadow Club Southampton. 

Mexican Ry. Co., Ltd. pam. 

Mexican Southern Ry., Ltd. pam. 

Michigan-R. Comm. vol. 

Michigan Coll. Mines. vol., pam. 

Michigan, Univ. of. vol., pam. 

Min. Nova Scotia. vol. 

Minnesota, Univ. of. vol., pam. 

Miss.-State Comm. bound vol., 

Missouri-R. and Warehouse Commrs. 

bound vol. 


pam. 
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Missouri, Univ. of. vol., 


pam. 


National Board Fire Underwriters- 
Comm. Fire Prevention. pam. 

National Fire Protection Assoc. vol., 

pam. 

Nebraska, Univ. of. vol. 

Valley Sewerage 
Commrs. bound vol. 

vol. 

New Jersey-State Commr. Public 
Roads. bound vol. 


New Orleans, La.-Sewerage and Water 
Board. pam. 

New Orleans Univ. pam 


New City-Aqueduct Comm. 
bound vol. 

New York City-Municipal Civil Service 
Comm. bound vol. 

New York City-Public Service Comm. for 
the First District. pam. 

New York-Advisory Board 
Engrs. vol. 

New York-Commrs. the State Reserva- 
tion Niagara. vol. 

New York-State Dept. Health, Division 
Sanitary Eng. pam. 

New York-State Engr. and Surveyor. 
maps. 

New York- State Library. bound vol., 
vol., pam. 

New York-State Water Supply Comm. 
bound vol. 

New York Chamber Commerce. 
bound vol. 

New York City Record. bound vol. 

New York, College the City of. 


pam. 
New York State Charities Aid Assoc. 


vol. 

New York Univ. vol. 

Newton, Mass.-City Engr. pam. 

North Comm. 
bound vol. 


Northwestern Cement Products Assoc. 


pam. 
Northwestern Univ. 


Cons. 


vol., pam. 
Norwich Univ. pam. 
Ohio Eng. Soc. vol. 


State Univ. vol., pam. 
Ontario, Canada-Dept. and Regis- 
trar. vol. 
Oregon-State 
pam. 
Oregon, Univ. of. pam. 
Pennsylvania Co. pam. 
Pennsylvania Co. pam. 
Pennsylvania, Univ. of. vol. 
Philadelphia, Pa.-Bureau Water. 
bound vol. 

Philadelphia Museums. pam. 
Works. pam. 

Plymouth, Mass.-Water-Works. pam. 
Manual Co. bound 
vol. 
Princeton Univ. 
Providence, 
Providence, 
Reservoirs. 
Purdue Univ. 


Public 


bound vol. 
Engr. vol. 
I.-Commr. Dams and 
pam. 
vol. 


Quebec Central Ry. Co. pam. 
Rensselaer Polytechnic Inst. 
Rhodesia Rys., 
Richter. 


vol. 
Ltd. 


pam. 


pam. 
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> 
} 
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Rutgers Coll. vol. S.-Engr. School Application. 
Saginaw, Mich.-Board Water Commrs. pam. 
pam. Survey. bound vol., vol., 
St. Louis, Mo., Civic League. pam. pam., maps. 
Salem, Mass.-Water Board. pam. Commerce Comm. 
pam. bound vol. 
Shearer, vol. S.-Military Academy. pam. 
Simpson, pam. S.-Naval Academy. pam. 
Slason Thompson Ry. News Bureau. S.-Office Exper. Stations. pam. 
bound vol. Public Roads. pam. 
Smithsonian Institution. bound vol., S.-War Dept. bound vol. 
vol., pam. Univ. Club. bound vol. 
Société Belge des Ingénieurs des In- Univ. the South. pam. 

Société Générale des Chemins Fer vol. 

Economiques. pam. Verein Deutscher Ingenieure. pam. 
Soc. Engrs. bound vol. Vermont-State Library. bound vol. 
Somerville, Mass.-City Clerk. bound Vermont, Univ. of. pam. 

vol. Virginia-State Corporation Comm. 
Somerville, Mass.-Water Commr. pam. bound vol. 

South Dakota-State Board Virginia Polytechnic Inst. pam. 

Commrs. vol. Virginia, Univ. of. vol. 


South Dakota-State Engr. pam., Washington Univ. vol., pam. 


bound vol. West Virginia-Dept. Mines. vol. 
Springfield, Mass.-City Engr. pam. West Virginia Univ. vol. 
Street Ry. Assoc. State New York. General. 
pam. pam., maps. 
Sudan, Egypt-Govt. Agent. bound vol. Western Univ. Pennsylvania. vol. 


Svenska Teknologféreningens. pam. Wilmington, Del.-Board Park Commrs. 
Switzerland-Eidg. Bu- 


pam. 
bound vol. Wisconsin-Geol. and History 
Syracuse Univ. vol. Survey. pam. 
Toronto, Univ. of. pam. Wisconsin-R. Comm. bound vol. 
Transvaal Inter Colonial Irrigation Wisconsin, Univ. of. vol. 


Comm. vol. Clerk. bound 
Trautwine, C., Jr. bound vol. vol. 
Tufts Coll. pam. Woburn, Mass.-Water Registrar. pam. 
Tulane Univ. Louisiana. vol. Woodworth, pam. 
Underwriters’ Laboratories, Inc. pam. Wyoming-State Auditor. pam. 
S.-Bureau Statistics. bound vol., Yale Univ. vol. 
vol., pam. Yonkers, Y.-Board Water Commrs. 


PURCHASE. 


Hydraulics. New York, Longmans, Green Co.; 
London, Edward Arnold, 1908. 


Airships Past and Present; together with Chapters the Use 
Balloons Connection with Meteorology, Photography and the Carrier 
Pigeon. Hildebrandt; translated Story. New York, 
Van Nostrand Company, 1908. 


Annual Reports the Railroad Commissioners for the State 
South Carolina, 1906-07. Columbia, C., 1907-08. 


Trow Business Directory Greater New York (Five Boroughs 
Combined), 1908. Arranged Boroughs and Containing the Names 
All Business Persons, Firms, and Corporations Classified under Ap- 
propriate Headings, which are fully indexed. Also Street Directories 
the Boroughs Manhattan, Bronx and Brooklyn. Volume XI. New 
York, Trow Directory Printing Bookbinding Co. 


Luftkalke und Luftkalkmortel. Ergebnisse von Versuchen, ausge- 
Von Burchartz. Berlin, Julius Springer, 1908. 


7 
7 
7 


st. 
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Die Prufung und die Eigenschaften der Kalksandsteine. Ergebnisse 
von Versuchen, ausgefiihrt Materialpriifungsamt 


Gross-Lichterfelde West. Von Burchartz. Berlin, Julius Springer, 
1908. 


Analysis Mixed Paints, Color Pigments, and Varnishes. 


Clifford Dyer Holley and New York, John Wiley Sons 
London, Chapman Hall, Limited, 1908. 


Development and Distribution Water Power. 


Lamar Lyndon. New York, John Wiley Sons; London, Chapman 
Hall, Limited, 1908. 


Dictionary the Dano-Norwegian and English Languages. 


Larsen. Third Edition. Copenhagen, Library Gyldendai (F. Hegel 
Son), 1897. 


Swedish-English Dictionary. Edmund and 
Walter Harlock. Stockholm, Norstedt Sons, 1904. 


Complete Russian-English Dictionary. Alexandrow. Vol. 
Vol. Russian-English, Third Edition, Revised and Enlarged; Vol. 


English-Russian, Fourth Edition, Revised and Enlarged. St. Peters- 
burg, 1904-05. 


The Plan the City Columbus, Ohio. Report made the 
Honorable Charles Bond, Mayor, the Honorable Board Public 
Service and the Honorable City Council, Austin Lord, Albert 
Kelsey, Charles Lowrie, Charles Mulford Robinson, MacNeil, 


Plan Commission, February, 1908. Columbus, Ohio, Geo. Lattimer, 
1908. 


The Electric Furnace. Its Evolution, Theory and Practice. 


Alfred Stansfield. Toronto, The Canadian Engineer; New York and 
London, Hill Publishing 1907. 


Elektrotechnik Einzeldarstellungen. Unter Mitwirkung Her- 
vorragender Herausgegeben von Dr. Gustav Benischke. 
Elftes Die Regulierung der Elektrischen Generatoren, 
von Friedr. Natalis. Braunschweig, Friedrich Vieweg und Sohn, 1908. 


Compressed Air So-Called Caisson Disease. Hugh 
Snell. London, Lewis, 1896. 


Bibliotheque Conducteur Travaux Publics. Legislation 
Batiment, Evolution. Régime Actuel—Servi- 
tudes Administratives—Construction Contracts—Responsi- 
tion—Permis—Alignement Nivellement—Habitations Eon Marché. 
Impots Directs Indirects—Documents. Par Louis Courcelle 
Lemaitre. Paris, Dunod Pinat, 1908. 


Forscherarbeiten auf dem Gebiete des Eisenbetons. Heft VIII, 
Versuche mit aus Eisenbeton und mit Einbetonierten Eisen- 
Von Emperger. Berlin, Wilhelm Ernst Sohn, 1908. 


7 
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United States Official Postal Guide, January, 1908. Albany, 
Lyon Company, Printers. 


Power Gas Producers. Their Design and Application. Philip 
Robson. London, Edward Arnold, 1908. 


Der Wasserbau. der Ingenieurwissenschaften, III Teil. 
Dreizehnter Band. von Wasserkraften. und 


Herausgegeben von Th. Koehn. Leipzig, Wilhelm Engelmann, 
1908. 


Lead and Zinc the United States. Comprising Economic 
History the Mining and Smelting the Metals and the Conditions 
which have Affected the Development the Industries. Walter 
Renton Ingalls. New York, Hill Publishing 1908. 


Introduction Metallography. Paul Goerens. London, Long- 
mans, Green and Company, 1908. 


Refrigeration, Elementary Textbook. Wemyss Anderson. 
London, Longmans, Green and Company, 1908. 


Marine Boiler Management and Construction, Being Treatise 
Boiler Troubles and Repairs, Corrosion, Fuels and Heat, the Properties 
Iron and Steel, Boiler Mechanics, Work-shop Practices and Boiler 


Design. Stromeyer. Ed. London, Longmans, Green and 
Company, 1907. 


Report Committee Appointed the Lords Commissioners 
the Admiralty Consider and Report upon the Conditions Deep- 
water Diving, August, 1907. London, Eyre and Spottiswoode, 1907. 


SUMMARY ACCESSIONS 
.From May 12th August Ist, 1908 


Donations (including 820 


Affairs. 


MEMBERSHIP—ADDITIONS 


MEMBERSHIP 
ADDITIONS 
(May 13th August 5th, 1908.) 
MEMBERS. 
ASHBAUGH, LEWIS EUGENE. Office Engr., The 
Central Colorado Power Co., 324 


man Bldg., Colorado Springs, Colo 
Chf. Engr., Ore. Short Line R., Salt 
Lake City, Utah...... 
Chf. Engr., East Broad 
Top Co., Robertsdale, 


BAKER, SHIRLEY. Mgr., Excelsior Wooden Pipe 
Co.,916 Balboa Bldg., San Francisco, Cal. 


BARRAGAN, MELERIO, Recabado No. City 
Mexico, Mexico 


Assoc. 


BLAKE, 154 Eightieth St., Brooklyn, Assoc. 


BLAUVELT, Louis Davip. Asst. Chf. Engr., Denver, 
Ry., 717 Majestic Bldg., Denver, Colo........ 
Harry CHESTER. Care, Reclamation Service, 
Brown, Perry 300 Park View Terrace, Oakland, 
BRUMLEY, DANIEL JOSEPH. Prin. Asst. Engr., Ill. Cent. 
Co., Park Row, Chicago, 
Roy Henry. 629 West 135th St., New York City. 
CHRISTIE, WILLIAM WALLACE. Cons. Engr. and Archt., 203 
Frep Engr., Westinghouse, Church, Kerr 
Co., Bridge St., New York 
CHARLES SUMNER. Orloff, Butte Co., Cal........ 
Calle Xicotencatl No. City Mexico, 
MAURICE CHARLES. 623 Wells Fargo Assoc. 
Bldg., San Francisco, Cal 
WHEELER. Chf. Engr., The Colorado 
Southern Ry. Co., 801 Cooper Bldg., Denver, Colo.... 
CRAWFORD, JOSEPH EMMANUEL. Bridge Engr., Nor- Jun. 
folk West. Ry., Roanoke, 
DERLETH, CHARLES, Jr. Assoc. Prof., Struc- Jun. 


tural Eng., Univ. California, Assoc. 


State House, Lincoln, Nebr.............. 
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Date 

Membership. 
Jan. 1903 
1908 
1908 
June 1908 
Sept. 11, 1900 
June 1903 
June 1908 
Feb. 1908 
1905 
1908 
1908 
June 1908 
June 1908 
June 1908 
1908 
June 1908 
June 1908 
1908 
July 1908 
June 1908 
Nov. 1905 
June 1908 
June 1908 
Dec. 1899 
June 1908 
Feb. 1898 
Mar. 1902 
1908 
1908 
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MEMBERS (Continued). 


Assoc. 
DoNHAM, BENJAMIN Rockland, Mass.. 


Horace Hovey. Care, Westinghouse, Church, 
Kerr Co., Bridge St., New York City 
FELTHAM, MARSHALL. Greenville, 
FIELD, JoHN ELLIS. 319 Symes Bldg., Denver, Colo 
FRASER, CHARLES Supt. Engr., Penna. 
East River Tunnels. Care, Jun. 
son Son., 33d St. and East River, Assoc. 
New York City 
FRENCH, FRANK CHAUNCEY. Assoc. Prof. 
Civ. Eng., Univ. Utah, Salt Lake City, 
GREEN, SAMUEL Cons. Engr., Holyoke, Mass 
HAYDEN, JoHN Engr. Bridges, 


Floor, Grand Central Palace, New York 
City 

HESSE, 926 Board Trade Bldg., Portland, Ore.... 

Epwarp Henry. 1074 Boston Rd., New York City. 

Jun, 

Assoc. 

HUNTER, JOHN Engr. and Member Board 
Public Works, 351 Broadway, Denver, Colo 

JoHN Henry. 123 Negley Ave., Pittsburg, Pa.. 

Kine Yueh-Han Ry. Co., Canton, China... 

LAHMER, JOHN Prin. Asst. Engr., Kansas City 
Southern Ry. Co., Kansas City, 

ALLAN BENJAMIN. Mitre 383, Buenos Aires, Argen- 
tine Republic 

Lea, Cons. Engr., 520 Coristine Bldg., 
Montreal, Que., Canada 

Jr. Cons. Elec. Engr., Westing- 
house, Church, Kerr Co., Bridge St., New York 
City 

Pittsburg, 

MERYWEATHER, HENRY Francis. Chf. Asst. Engr., Board 
Public Works, 1276 Corona St., Denver, Colo 

Pres., Central Bldg. Co., Front 
St., Worcester, Mass 

Norton, Homer Chf. Engr., Elk Tanning Co., 
302 St., Ridgway, 


FREDERIC PEYSTER. (Chambers 
Hone), William St., New York City. 


Assoc. 


[Society 


Date 
Membership. 


Mar. 31, 


June 
July 
July 


June 
Sept. 
June 


Dec. 
Feb. 


July 


May 
May 


June 
May 
April 
Feb. 
May 


June 
June 
April 


June 


Mar. 


1908 
1901 
1908 


1908 
1908 
1908 


1901 
1903 
1908 


1902 
1908 


1908 


1900 
1908 


1908 
1908 
1899 
1902 
1908 


1908 
1908 
1908 
1908 
1908 


1908 


July 
May 1908 
1908 
q 
April 1908 
June 1908 
June 1908 
4 


Affairs. 


MEMBERS (Continued). 

Ray, Div. Engr., D., R., 1624 

GEORGE ALEXANDER. West Patterson 

SAFFORD, Harry Chf. Engr., W., Ill. Cent. 

SAYLES, WILSON. Asst. Engr. 
with Chas. Leavitt, Jr., 220 
way, New York City 

Stott, Gorpon. Supt. Motive Power, Interbor- 
ough Rapid Transit Co., Colonial New 

TAYLOR, EDWIN ALEXANDER. Engr. and Contr., Assoc. 


UBSDELL, JOHN ARNOLD, Jr. Supt. and Naval Archt., 


Great Lakes Eng. Works, 230 Hubbard Ave., Detroit, 
Mich 


WaLsH, SCHERZER. Chf. Engr., Ferro Jun. 
Carril del Cauca, Buena Ventura, Colom- 
bia 
WHILDIN, WILLIAM Supt., Western Div., Lehigh 
Coal Nav. Co., Lansford, Carbon Co., Pa......... 


ZARBELL, ELMER. Office, Chf. Engr., Jun. 


. 


ASSOCIATE MEMBERS. 
ALSBERG, JULIUS. West 95th St., New York City....... 


ANDERSON, CHARLES Cons. Engr., 926 Cand- 
ler Bldg., Atlanta, 


BaRLow, JOHN Apartado No. 67, Culiacan, Sinaloa, 

WALTER 1539 Louisiana Ave., New Orleans, 


BELCHER, WALLACE Epwarp. Care, Central Jun 
Power Co., Colorado Springs, Colo 
State Barge Canal, Box 477, Mohawk, Jun. 


Jupson Care, Reclamation Service, 
Bos, ALBERT. Crocker Bldg., San Francisco, Cal... 
BRANCH, LESTER VAN Noy. Engr., Reclamation Serv- 
ice, Pathfinder, Wyo 


Assoc. 


319 
Date 
Membership. 
June 1908 
1908 
July 1908 
April 1905 
1908 
July 1908 
1905 
June 1908 
June 1908 
Feb. 1897 
1901 
Mar. 31, 1908 
1908 
1899 
Feb. 1900 
1908 
June 1908 
1908 
1908 
July 1908 
Dec. 1902 
1908 
April 30, 1907 
July 1908 
Oct. 31, 1905 
April 1908 
June 1908 
June 1908 
June 
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ASSOCIATE MEMBERS (Continued). 
Bridge Engr., Island Cebu, 
Care, White Co., Inc., Cebu, Philippine 
Asst. Engr., Balti- 
more Sewerage Comm., Storm 
Div., 621 North Ave., Baltimore, Ma. 
Donatp Apartado 39, Colima, Colima, 
BENJAMIN Univ. the South, Sewanee, 


Crisp, JOHN. Box 544, Jefferson, Ash- Jun. 
City Engr., Hutchinson, Kans.. 
Emerson, Dana. Asst. Engr., Boston Transit 
Comm., Beacon St., Boston, Mass............... 
GEARHART, WALTER Care, State Highway Comm., 
Chf. Asst. Engr. Location, 
Bolivia Ry. Co., Casilla 428, Paz, Bolivia........ 
Asst. Engr., Eastern Constr. 
Dist., Southern Ry. Co., 907 Seventeenth St., Lynch- 


Haas, LippMan. State Rd. Engr., North Bangor, 
HAMILTON, 662 North State St., Jackson, 
Henry RUSSELL. 4239 Michigan Ave., Chicago, 


THOMAS TyRRELL. Market St., York, Pa.... 
LANDERS, CHARLES West 44th St., New York 


LUNDOFF, CLEMENS WALDEMAR. 3111 Carnegie Ave., Cleve- 
CHARLES JOSEPH. 607 Humboldt Bank Bldg., 


Engr. and Contr. (Sample 
Marshall Co.), 1321 St., W., Washington, 


Civ. Eng., Univ. Washington, Univer- Assoc. 
sity Station, Seattle, Wash............ 
JAMES CALDWELL. South Ave., Cran- Jun. 


More, CHARLES Associate Prof. Jun. 


Assoc. 


[Society 


Date 


Membership 
Mar. 1908 
1901 
July 1908 
1908 
1908 
Oct. 31, 1905 
April 1908 
1908 
1908 
Nov. 1907 
June 1908 
June 1908 
1908 
June 1908 
Feb. 1908 
April 1908 
June 1908 
1908 
June 1908 
May 1899 
Feb. 1907 
Mar. 31, 1908 
Feb. 28, 1905 
June 1908 


~ 
q 


7 
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ASSOCIATE MEMBERS (Continued). 


PENDERGRASS, ALLEN. 1436 LaClair Ave., Swissvale 


RICHARDSON, CLINTON (Richardson-Wey 
Eng. Co., Civ. and Hydr. Engrs.), 1621 
Candler Bldg., Atlanta, 
Moffatts Creek, Va............. 
4016 Spruce St., Philadelphia, Pa. 
SPENGLER, ALBERT. Engr. and Supt., National Constr. Co., 
3168 Decatur Ave., Bronx, 
Jr. City Engr. and Surv., 767 East 
THoMAS, 304 City Hall, Cleveland, 
Morton Loupon. 665 Monadnock San Fran- 
TURNER, FRANKLIN Atlantic Hotel, Norfolk, Va... 
OMAR ASA. Box 396, Ariz.............. 
Road Engr. for Caroline County, 
Upson, Secy. and Gen. Mgr., Raymond 
Concrete Pile Co., 140 Cedar St., New York City.... 
1306 Grand Ave., Des Moines, 
VAN SUETENDAEL, ACHILLE Civ. Engr. Jun. 
with War Dept., Greeneville, Tenn Assoc. 
Byron Engr., Utica 
Elec. Co., and Secy.-Treas. Central Jun. 
New York Power Co., Lafayette St., Assoc. 
Div. Engr., Florida East Coast 
417 West St., New York 
WILLIAM Asst. Engr., Board 


Water Supply, 299 Broadway, New York 

Res. Engr., Peking-Kalgan Jun 
Ry., Peking, 


ASSOCIATE. 
Sales Mgr. and Res. Engr., 


Steel Products Export Co., Box 384, Sydney, 
W., Australia 
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Date 

Membership. 
June 1908 
July 1908 
Sept. 1902 
Oct. 1907 
April 1908 
1908 
1908 
June 1908 
1908 
June 1908 
May 1908 
May 1908 
May 1908 
1908 
1908 
July 1908 
Jan. 1905 
June 1908 
Oct. 1906 
July 1908 
July 1908 
1908 
Feb. 1904 
1908 
1903 
April 1908 
April 1908 
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JUNIORS. Date 

Membership. 
AFFLECK, Myron Srrone. Care, American Ex- 
tractor Corporation, Weybosset St., Providence, 

Brown, Davip 105 So. Madison St., Allentown, Pa. Feb. 1908 
Brown, GROVER CHARLES. Junior Engr., Am. Section, Inter- 
national Waterways Comm., 328 Federal Bldg., Buf- 


CARPENTER, JOHN 171 Main St., Kingston, Y..... Mar. 31, 1908 
Davis, WALKER. Care, Bureau Lands, Manila, 

Hines, Homer Res. Engr,, Virginia Ry. Co., 

WINFIELD. Granite, Mar. 1908 
Ft. Dade, Egmont, Fla............... June 1908 
KNIGHT, WALTER JOSEPH. 1019 St., Washington, May 1908 
KRIEGSMAN, EUGEN FREDERICK. 2520 LeConte Ave., Berke- 

Lynn, Henry Hupson 162 West 96th St., New 

EASTMAN. 2703 Jackson St., San 

REYNOLDS, ALBERT. 1103 Union Trust Bldg., De- 

RUSSELL, ALEXANDER ALLEN MacVicar. Saratoga, Santa 

WALTER Eng. Dept., Ry., Paradise, Mont... May 1908 
SANGER, WALTER Max. Gatun, Canal Zone, Panama....... 1908 
STEPHENSON, GRANT THOMAS. Wells, Delta Co., Mich...... 1908 
GALE STANLEY. 2414 Dana St., Berkeley, Cal..... Mar. 31, 1908 
VON GELDERN, Yuba City, Sutter Co., Cal........ 1908 
WILLIAM Instructor, Civ. Eng., Univ. 


CHANGES ADDRESS. 
ABBOT, FREDERIC VAUGHAN. Corps Engrs., A., Office 
the Chf. Engr. Officer, Philippines Div., Manila, Philippine Islands. 


ALLEN, KENNETH. Chf. Engr., Met. Sewerage Comm., Battery New 
York City. 


J 
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MEMBERS (Continued). 


ANDERSON, GEORGE Cons. Engr., Room 518, Equitable Bldg., Denver, 
Colo. 

ANTHONY, CHARLES, Jr. Care, Aguas Corrientes Bahia Blanca, 
Casilla Correo 149, Bahia Argentine Republic. 

AYCRIGG, WILLIAM ANDERSON. 102 Chambers St., New York City. 

WILLIAM Hoyt. Monte Cristi, Santo Domingo. 

Care, Southern Co., 1120 Flood Bldg., San 
Cal. 

JAMES. 3928 McGee St., Kansas City, Mo. 

BIENENFELD, ABEL Morris. Chf. Engr., Associated Pipe Line Co., Wells 
Fargo Bldg., 7th Floor, San Francisco, Cal. 


BIENENFELD, BERNARD. Cons. Engr., 621 Wells Fargo Bldg., San Francisco, 
Cal. 


WILLIAM ISRAEL. 
Canada. 

BowMAN, AUSTIN 
New York City. 

Brown, 610 Merchants Laclede Bldg., St. Louis, Mo. 

WILLIAM GERRIE. Civ. and Cons. Engr. (Hegardt Brown), 926 
Board Trade Bldg., Portland, Ore. 

CHARLES WALTER. Div. Contr. Mgr., Am. Bridge Co. Y., 
Church St., New York City. 

CARL WALDEMAR. Cons. Engr., Erie R., Church New 
York City. 

CALDWELL, GEORGE Bowers. Engr., Westinghouse, Church, Kerr Co., 
Van Sice Ave., Yonkers, 

Cannon, Box 494, Charleston, 

CARPENTER, CHARLES LINCOLN. Andover, Mass. 

WILLIAM WEEDEN. Public Utilities Dept., Dodge Day, 
Chestnut St., Philadelphia, Pa. 

CUNNINGHAM, JOSEPH HooKER. 1297 Cleveland Ave., Portland, Ore. 

Datton, Assoc. Prof., Railway Eng., Univ. Kansas, 1011 Indiana 
St., Lawrence, Kans. 

Davis, CHARLES Cons. Engr., 1128 Ohio Bldg., Toledo, Ohio. 

Epwarps, Harry WINTER. Fulton Bldg., Hudson Terminal, New York City. 

Ezra. Care, Federal Signal Co., Albany, 

ELWELL, CHARLES CLEMENT. Engr., The Connecticut Co., Cor. State and 
Chapel New Haven, Conn. 


Asa 415 Prospect Ave., Hollywood Station, Los Angeles, 
Cal. 

JoHN ADDISON. 225 Hancock Ave., W., Detroit, Mich. 

GRAHAM, JOSEPH MARSHALL. Vice-Pres., Erie R., Church St., New 
York City. 

GREINER, Cons. Engr., 605 Continental Bldg., Baltimore, Md. 


HALL, BENJAMIN Chf. Engr., Porto Rico Irrig. Service, Guayama, 
Porto Rico. 


Eng. Contr., Beaver Hall Sq., Montreal, Que., 


Civ. and Cons. Engr., 165 Broadway, Room 2611, 
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MEMBERS (Continued). 

Care, American Consul, Dresden, Saxony, Germany. 

WILLIAM JoHNSON. Asst. Pres., Erie R., Church St., 
New York City. 

Jupson. Asst. Engr., B., C., St. Ry. Co. 
Mont., Miles City, Mont. 

Hayes, Henry State Engr. Grade Crossings, Beacon St., Bos- 
ton, Mass. 

HENDERSON, JOHN Govt. Hydr. Engr., Water Supply Dept., Bris- 
bane, Queensland, Australia. 

FREDERICK COLLAMORE. Vice-Pres. and Gen. Mgr., MacArthur 
Bros. Co., Hanover Bank Bldg., New York City. 

Superv. Engr., Reclamation Service, 307 

Tilford Bldg., Portland, Ore. 

Horn, FRANK CHURCHILL. Care, Great Shoshone Twin Falls Power Co., 
Twin Falls, Idaho. 

HuMPHREY, HENRY Odessa, 

JOHNSON, Engr. Office, Catlettsburg, Ky. 

KENNEDY, WILLIAM 400 Atlantic Ave., Pittsburg, Pa. 

WALTER Harris. Care, International Power Co., 165 Broadway, 
New York City. 

ADOLF THoMAS. 429 Walnut St., Reading, Pa. 

Jr. Room 400, Jefferson Co. Bank Bldg., Birmingham, Ala. 

LEFFINGWELL, 716 Valley Rd., Upper 

LLEWELLYN, FREDERICK Care, Carnegie Steel Co., Church St., 
New York City. 

JAMES BuTTON Care, The Port Portland, City Hall, 
Portland, Ore. 

LOVELL, FREDERICK WILLIAM. Vice-Pres. and Chf. Engr., The Mfg. 
Co. (Res., 10008 Lamont Ave.), Cleveland, Ohio. 

Lyons, JAMES Knox. Pres., Gas Power Eng. Corp., 1113 Empire Bldg. 
(Res., 5820 Baum St.), Pittsburg, Pa. 

WALTER. 169 Canfield Ave., W., Detroit, Mich. 

McComs, Chf. Engr., Sewer and Paving Contract, The Arsenal, 
Havana, Cuba. 

McCoy, SAMUEL ALEXANDER. With Grant Smith Co. (Contrs.), 1701 
St., Spokane, Wash. 

153 West 79th St., New York City. 

WISNER. Prin. Asst. Joseph Schaeffler, Cons. Engr., Tre- 
mont St., Boston, Mass. 

Harvey Madison Ave., New York City. 

Res. Engr., State Water Supply Comm., Albany, 

NEHER, CLARENCE Box 124, Whitehall, 

VAN ARSDALE. Cons. Engr., 524 Second National Bank 
Bldg., Wilkes-Barre, Pa. 


Sr. 
W. 


Affairs. 
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MEMBERS (Continued). 

Asst. Engr., C., St. Ry. Co. Wash., 5202 
South St., Tacoma, Wash. 

OLMSTED, (Olmsted Gillelen), 604 Bldg., Los 
Angeles, Cal. 

PaRKS, WELLMAN. Civ. Engr., N., Naval Station, 
Honolulu, 

PHILLIPS, ARTHUR 911 Hibernia Bank Bldg., New Orleans, La. 

Horton. Care, Percival Farquhar, Rue Louis Grand, Paris, 
France. 

Cons. Engr., Church St., Room 1783, New 
York City (Res., Home Park, New Rochelle, Y.) 

CHARLES Warp. Examining Engr., Mines-Mining and Milling 
Plants, 2691 Cedar Berkeley, Cal. 

RICHARDSON, CLIFFORD. Proprietor, New York Testing Laboratory (Maurer, 
J.), Church St., Room 1826 (Res., 122 East 34th St.), New 
York City. 

Henry Care, Rio Janeiro Light Power Co., Avenida 
Central, Rio Janeiro, Brazil. 

WILLIAM JACKSON. Medford, Ore. 

RoHRER, JACOB Asst. Mgr., American-Hawaiian Eng. 
Co., Ltd., 2505 Gough St., San Francisco, Cal. 
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Measurements Lightning, Aluminum Lightning-Arresters, Earth Resistances, Ce- 
ment Resistances, and Kindred Tests.* Creighton. (42) June. 
Voltage Ratio Synchronous Converters with Special Reference the Split-Pole 

Converter.* Comfort Adams. (42) 


Graphical Treatment the Rotating Field.* Hellmund. (42) June 


Application Storage Batteries Regulation Alternating-Current Systems.* 
Woodbridge. (42) June. 


e 
4 
4 
i 
: fe 
d 


q 
q 
1 
q 
q 
| 
4 


CURRENT ENGINEERING LITERATURE 337 


The Relative Proportions Copper and Iron Alternators.* Carl Fechheimer. 
(42) June. 


Fundamental Considerations Governing the Design Transmission-Line Structures. 
Scholes. (42) June. 

The Testing High-Voltage Line Insulators.* Skinner. 

High Voltage Measurements Niagara.* Ralph Mershon. (42) June. 

Street Lighting the City London.* (Report the Electrical Engineer the 
City London.) (73) June 

The Poulsen Wireless Telephone; System the German Wireless Telegraph Com- 
Otto Nairz. from Prometheus.) (46) June 


Electrical Conduit and Service Boxes.* Lerret. (27) 
une 


The Wheeling Electric Induction Clutch.* (20) June 11. 

Hydro-Electric Development Mexico.* (27) June 13. 

Standardization Rules for Stationary Direct-Current Machinery France, Ger- 
many, Great Britain and the United States. Kennelly. (27) June 13. 

Turbo-Generator Station Seattle, Wash.* (27) June 20. 

The Power Plant the Winchester Washington City Railway 
Company.* Wilson Davis, Am. Soc. (14) June 20. 

The Design Continuously Adjustable Resistance.* Morris, Milward 
Ellis and Stroude. (73) June 


Calibration Watt-Hour Meters. Joseph Baker. (27) June 27. 


Critical Study Lightning Records Taylor’s Falls Transmission Line. Percy 
Thomas. (42) July. 


The General Equations Electric Circuit.* Charles Steinmetz. (42) 


uly 
Heating Plant the Biltmore Estate.* Charles Waddell. 
uly, 


wireless Telephony.* Fessenden. (42) July 


The Potential Partially Insulated Systems Relation the Potential Earth.* 
Field. (77) July. 


Fuse Phenomena.* Alfred Schwartz and James. (77) July. 


for Testing Electrical Generators.* Morcom and Morris. 
uly. 


Rules the Society German Electrical Engineers, 1908. Steinhal. (77) 
uly. 
The Farms and Country Houses with Electricity. Putnam Bates. 
uly. 
Portable Type High-Frequency Alternator.* Fessenden. (73) July 


the Franco-British Exhibition. (73) Serial beginning 
uly 
Alternating Current Motors and Lamps for Industrial Plants. Warren Miller. 


(27) July 

Method Investigating the Cost Producing Electrical Energy.* Edwin 
Dreyfus. (27) July 

Korn’s New Telephotographic System.* (19) Serial beginning July 

The Electrical Equipment the Royal Mint, London.* (26) July 10. 

Accumulator Sub-Stations and the Use Accumulators for Peak Loads.* 
Taylor. (Abstract paper read before the Inc. Mun. Elec. Assoc.) 
(73) July 10. 

The Current-Locus the Induction Motor.* Laurell. (27) 
July 

Relation between Number Turns and Resistance Magnet Spool Windings.* 
Paul Rainey. (27) July 11. 

some Methods Measuring Capacity with Alternating Currents Complex 
Wave Form. Robert Beattie. (73) July 17. 

Electric Signalling the New Victoria Station, London.* (73) July 17. 

Electricity Supply Sutton (Surrey).* (26) July 17. 

Hydro-Electric Generating Station Caffaro, Italy.* (27) July 18. 

Parallel Operation Transformers.* Reed. (27) July 


Localizing Breaks Cables.* Rymer-Jones. (26) Serial 
beginning July 


Extra-High- Ironclad Switchgear. (26) 24. 
Electricity Belgian Steel Works.* (27) July 25. 


Switching Apparatus and its Large Hydro-Electric Stations.* 
Frank Conrad. (27) July 


Working Results from Gas Bibbins. (64) July 28. 
Conservation Power Resources.* St. Clair Putnam. (42) ug. 
Electric Lighting System the Union Station, Washington, C.* (27) Aug. 


Troubles Central Station Switching Apparatus and Methods Handling Them. 
Conrad. (27) Aug. 


Design for 1-hp. Shunt-Wound Motor.* Mason. (27) Aug. 


Ch. Dantin. (33) May 23. 


=F 3 
aa 
| 
q 
2 
| 
4 
2 
4 
q 
q 


| 
Ele 
q 
q 
4 


CURRENT ENGINEERING LITERATURE 339 


Marine. 


The Naval Floating Dock, its Advantages, Design, and Construction. Discussion 
Bellinger, Hansson, and Leonard Cox. (54) Vol. 60. 

Electrically-Propelled Fire Boats for Chicago.* (27) May 16. 

The Development Submarine Signalling.* Robert Skerrett. (10) June. 

The California City Point Coal Pier.* (14) June 27. 

Model Basin.* Robinson. (19) Serial beginning 

Fire Fighting Equipment for Tugboats.* Newbern. (15) July 24. 

The Theory and Practice Shipbuilding.* (12) 

Uber Berechnung von Trockendocks.* Franzius. (49) Vol. 7-9, 1908. 


Die Bauvorschriften des Germanischen Lloyds fiir Seeschiffe. Ausgabe 1908.* 
Schoeneich. (48) July 11. 


Mechanical. 


Search for the Causes Injury Vegetation Urban Villa near Large 
Establishment. (By furnace gas.)* Persifor Frazer. (56) Vol. 


Piping and Segregation Steel Howe. (56) Vol. 38. 
The Influence the Casting Piping and Segregation, Shown 


means Wax Ingots.* Howe and Bradley Stoughton. (56) Vol. 38. 
Blow-Holes Steel Ingots. von (56) Vol. 38. 
How Weldless Chains are Made. Alexander Strathern. (59) Vol. 30, Pt. 
the Indicated Power and Mechanical Efficiency the Gas-Engine.* Bertram 
Hopkinson. (75) Oct. 1907. 


Notes the Manufacture and Upkeep Milling Cutters.* Ashton. (75) 
Dec. 1907. 


Notes Screw Threads.* Jeffcott. (75) 1907. 

the Gas-Engine Research Committee.* Frederic Burstall. 

Test Feed-Water Heater.* John Goodman and Maclachlan. 


Direct Graphical Method Deriving the Temperature-Entropy Diagram the 
Gas-Engine from the Indicator Diagram.* Goudie. (75) Feb. 

Balancing Reciprocating Engines.* Dalby. (75) 

Furnace Design Relation Fuel Economy. Bailey. (Paper read before 
the Boston Soc. Civ. Engrs.) (1) 

Economical Lubrication Large Plants.* William Davis. (Paper read before 
the Boston Soc. Civ. Engrs.) Apr 

and Construction Manufacturing Plants.* George 

Test Small Gas Producer MacFarland. (4) Apr. 
Some Results due Improvement Boiler and Furnace Design.* Bement. (4) 


Apr. 
Chains and Chain Making.* James Baker. (58) May. 
Sixty Seventy Candle Power per Cubic Foot Gas.* May 
Starting By-Product Coke Oven Plant.* Thau. (From (22) 


May 
The Marchal Apparatus for Estimating the Value By-Products Fuel.* 


Revue Universelle des Mines.) (57) May 
Bye-Product Recovery South Wales.* Harold Colman. (66) 


May 

Tests Live Steam Feed Water Heating.* Sydney Bilbrough. 
paper read before the Transvaal Inst. Mech. Engrs.) (64) May 12. 

The Rateau Steam-Turbine.* (11) May 

The Caterpillar Tractor.* (46) May 16. 

Producer Gas for Engine Use: Its Manufacture and Characteristics. Tuttle. 
paper read before the Southwestern Elec. and Gas Assoc.) (17) 


May 

Mechanical Plant the United States Express Company’s Building, New York 
City.* (14) May 

Combined Steam and Hydraulic Generating Station Switzerland.* Frank 
Koester. (14) May 

Producer Gas and Suction-Gas Producers. Carter. (Paper read before the 
South-East Ireland Gas Managers’ Assoc.) (66) May 19. 

The Performance Fan Walter Snow. (64) May 19. 

Construction Details Reaction Turbine.* Henry Schmidt. (64) May 19. 

The Duplex Steel Process Ensley, Alabama.* (20) May 21. 

The New Works Messrs. Hans Renold, Limited.* (11) Serial beginning May 22. 

12,000 Horse-Power Steam Turbine.* (12) May 22. 

The Selection and Testing Foundry Irons. Thomas. (Paper before 
the Birmingham Metal. Soc. and the Brit. Foundrymen’ Assoc.) (47) May 22. 

Long Line for Pumping Heavy Oils.* (14) May 23. 
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Mechanical—(Continued). 


Mill the Pacific Portland Cement Company, Con., near Suisun, Cal.* 

Wood. (14) May 23. 

Some Recent Coking Plants.* Archie Weldin. (14) May 23. 

Wood Fuel, Notable Wood Burning Plants.* William Ennis. (64) 

Thermodynamics Pressure Drop Throttling.* Heck. (64) 

The Capacity Pipes for Conveying Steam.* Sickles. (64) May 

The Gas Process Case-Hardening.* Springer. (20) May 28. 

Commercial Motor-Vehicles. (11) May 29. 

Some Neglected Aspects Cylinder Condensation.* (12) Serial beginning May 29. 

The New Double-Flow Turbines the Brunot Island Power Plant, Pittsburg, Pa.* 
(15) May 29; (13) May 28; (17) May 30; (72) May 30; 

29. 


Modern Methods Case-Hardening.* Springer. (10) June. 

Modern Hydraulic Machinery.* Carl Wigtel. (10) June. 

Engineering Practice Applied the Fueling Equipment Power Houses.* 
Harry Cochrane. (3) June. 

Casting Pipes Permanent Molds.* Edgar Custer. (3) June. 


Austrian Coefficients for the Transmission Heat through Building Materials.* 
Macon. (From Transactions, Amer. Soc. Ventilating 
Engrs.) (70) June. 


The Retorts Cologne.* (From Journal fiir Gasbeleuchtung.) 
une 


Machine-Tools the Franco-British Exhibition. Joseph Horner. (11) June 
Test 200-Kilowatt Melms-Pfenninger Turbine.* (11) June 

The Sellers’ Driving Wheel Lathe.* (15) June 

Turbo-Generator Station Seattle, Wash.* (14) June 


Operating Results the Producer-Gas Pumping Plant St. Stephen, B.* 
(Abstract paper read before the Amer. Assoc.) 
une 


une 
Use Weightless Back Pressure Valves.* Wakeman. (64) June 
The Federal Fuel Testing Laboratory, Zurich.* Constam. (12) June 12. 
The Edgwick Works Messrs. Alfred Herbert, Ltd., Coventry.* (11) June 12. 
The Tegel Gas-Works the Berlin Corporation.* (66) June 16. 
Burning Oil for Power and Heating.* William Ennis. (64) June 16, 23. 
Three Tramway Bridges the Coal-Storage Dock the Berwind-White Coal Min- 
ing Co., Superior, Wis.* Wetherill. (13) June 18. 
Modern Wood Working Machinery Factory.* H.R. Cobleigh. (20) June 18. 
12,000-Barrel Cement Mill California.* (14) June 


Recent Experience with the Dessau Vertical Retorts. Hayman. (Paper 
read before the Inst. Gas Engrs.) (66) June 23. 

Continuous Carbonization Vertical Retorts.* Woodall. (Paper read 
before the Inst. Gas Engrs.) (66) June 23. 


Working Bueb Vertical Retorts. Colman and Broadberry. 
(Report the Carbonization Comm., Inst. Gas Engrs.) (66) June 23. 
Description the New Gas-Works Valby, Copenhagen.* Irminger. (Paper 
read before the Inst. Gas Engrs.) (66) June 23. 

Refractory Material (For use the construction retort settings.)* Frederick 
Bywater. (66) June 23. 

The By-Product Coke Oven Installation the New Devonshire Works the 
Stavely Coal and Iron Company.* (57) June 26. 

Equipment the Union National Bank Building, Pittsburg, Pa.* (14) 


une 27. 
The Applying Detachable Link-Belts.* Staunton Peck. (62) 
une 29. 


Use Wood Fuel for Steam Boilers.* Johnston. (64) June 30. 
Working Results from Gas-Electric Power Plant, Report 30-Day Test Service 


Plant, Richmond Works, American Locomotive Co., Richmond, Va.* Bib- 
bins. (42) July. 


Double-Deck Steam Turbine Power Plants.* Bibbins. (42) 

Hadfield’s Stone Breakers.* (21) July. 

The Carbon-Monoxide Gas Producer.* Lewis. (10) July. 

The Handling Coal and Ashes Power Plants. Werner Boecklin. 
(10) July. 

Power Transmission; Comparative Study the Merits Gas and Electricity. 
Smith. (10) July. 

Tools and Equipment Structural Shops. Geo. Thomas. (58) July. 

New for Metal Cutting and Autogenous Welding.* Van Brussel. 
(9) July. 

Cost Steam Power Varying Units. Wm. Webber. (9) July. 


Distribution Natural Gas. Wm. Welch. (Paper read before Natural Gas 
Assoc. Amer.) (83) July. 


Contest Different Makes Pneumatic Hammer Drills. Orr. (Abstract 
from the Journal the Transvaal Inst. Mech. Engrs.) (86) July 


July. 
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Mechanical—(Continued). 

The Zoelly Steam-Turbine.* (11) July 

Steam Jets and their Uses. (62) July 13. 

the Prevention Smoke and its Enforcement. DeLo Mock. 
read before the Inter. Assoc. for the Prevention Smoke.) 


The Use Anthracene Oil the Removal Naphthalene. 
(Paper read before the Soc. Tech. Gaz.) (66) July 

Use Ammoniacal Liquors Small Gas-Works. Guillet. (Paper read before 
the Soc. Tech. (66) July 

Effects Superheating Moist Stcam. William Greth. (64) July 

All- for Machine Tools.* Thomas Shaw. (47) Serial beginning 
uly 5 

Emery Wheels and their Uses. (47) Serial beginning July 10. 

City Supervision New Boiler Plants. Robert Kuss. (Discussion before the 
Inter. Assoc. for the Prevention Smoke.) (14) July 11; (62) July 20. 

The Heat Fuels and Furnace Efficiency.* William Ennis. (64) July 14. 

Cooling Condensing Water Means Spray Nozzles.* July 14. 

Some German Costs Manufacturing Brick. (86) July 15. 

Harland and Works Southampton.* (12) July 17. 

Peat Coal.* (22) July 17. 

Manufacture and Testing Steel Material intended for Boilers and Machinery 
under Board Trade Survey.* (22) July 17. 

The the Western New York Pennsylvania Traction Co.* 

The Power Rolling Steels.* Knesche. (20) July 23. 
New Coke Installations the Koppers Company.* (22) July 24. 


Léon Pasquier. 


Boilers and Boiler Compounds. Chubb. (Paper read before the Iowa Dist. 
Gas Assoc.) (24) July 27. 

Steel Tools the Barium-Chloride Process.* Becker. 
ug. 

Alcohol Fuel for Internal-Combustion Engines. Thos. White. (9) Aug. 

The Manufacture High-Speed Steel.* Becker. (10) Aug. 

Drill Hot and Cold Climates.* John Power Hutchins. (16) 

ug. 

dans Construction des Machines-Outils.* Van Der Stegen. 


Les Fiacres Automobiles Paris.* (32) Mar. 


ar. 
Nouveaux Mécanismes Nouvelles Methodes pour des Métaux.* Pierre 
Breuil. (37) Apr. 


Notes sur les Moteurs Gaz.* Mathot. (37) May. 

Réfrigérants Cheminée, Balcke Station centrale Electrique Rhéno- 
Westphalienne Essen (Prusse). (33) May 

Elévateur-Basculeur Charbons Port Newport (Grande-Bretagne).* 


Camions Automobiles, Berliet.* Vergnier. (33) May 16. 

Roue Chocs pour Poids Lourds, Trannoy.* Feugéres. 
une, 

Appareil Nivet pour des Matériaux Construction.* (84) Jun 

Installation d’un Escalier Marches Mobiles dans Gare Quai Ch. 
Jullien. (38) June. 

Griveaud 

Chaudiéres Charles Bourdon.* Bertin. (92) June. 

Construction Série des Turbines Mixte Grande Vitesse.* Lafitte. (33) 
June 

Garage avec Monte-Automobile installé dans Marché Saint-Honoré, Paris.* 
Leroux. (33) June 20. 

Elévateur-Basculeur Charbons Ports Leith, prés Edimbourg (Ecosse).* 
(33) June 27. 

nouvelles Tube Pitot.* Georges Rosset. (34) Serial beginning 


Vapeur Tandem-Compound Distribution par Piston-Valves.* (34) 


July. 

Uber Formen Gleicher Festigkeit mit Besonderer Beriicksichtigung der Rotierenden 
Scheiben.* Alfons Leon. (53) Serial beginning May 

Neuzeitliche Dampfanlagen.* Chr. Eberle. (48) Serial May 

Die Colorado Fuel and Iron Company.* Fr. Frélich. (48) May 

Die Neue Werftanlage der Stettiner Maschinenbau-A.-G. Vulcan Hamburg.* 
Kaemmerer. (48) May 16. 

Verladevorrichtung fiir Kohlen.* Buhle. (48) May 23. 

Die Festigkeitsberechnung der Joh. Heinrich Bauer. (82) Serial 
beginning June 


Fortschritte der Luftschiffahrt, insbesondere Hermann 
Moedebeck. (48) June 
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Mechanical—(Continued). 


Die von Wilhelm Nusselt. 


(Report 
the Laboratory Technical Physics the Kgl. Technische Hochschule 
Munchen.) (48) June 


Wie Sollen Seil-und Kettentriebe mit Rucksicht auf die Haltbarkeit des Zugorgans 
Konstruiert Sein?* Ernst Heckel. 


(Paper read before the Siid- 
west.) (50) June 10. 
Amerikanische und Englische Dampfschaufeln.* Curt Vogt and Jos. Maienthau. 
(82) Serial beginning June 13. 


Amerikanische Dampfkraftwerke.* Frank (48) June 13. 
Leergangsversuche Gasmaschinen. (48) June 20. 
Ein Neues Formverfahren und Seine Maschinen.* Hager. (53) June 26. 


Hebe- und Transportmittel Stahl- und Stauber. (50) 
Serial beginning July 15. 


Metallurgical. 
The Water-Jackets Copper Blast-Furnaces. George Lee. (56) 
Laboratory Experiments Lime-Roasting with Reference 
Harrington. (56) Vol. 38. 


Relative Elimination Iron, Sulphur, and Arsenic Bessemerizing Copper- 
Mattes.* Mathewson. (56) Vol. 38. 

Roasting the Argentiferous Cobalt-Nickel Arsenides Temiskaming, Ontario, 
Henry Howe, William Campbell, and Cyril Knight. (56) 


Study Refining and Overpoling Copper.* Hofman, 
Hayden, and Hallowell. (56) -Vol. 


The Butters Slime-Filter the Cyanide Plant the Combination Mines Company, 
Goldfield, Nev.* Mark Lamb. (56) Vol. 


Galena and Quartz Falling Water.* Richards. (56) 
ol. 


Chlorination Gold-Ores; Laboratory Tests.* Sweetser. (56) Vol. 38. 

The Wilfley Table, Robert Richards. (56) Vol. 38. 

The Production Converter-Matte from Copper-Concentrates Pot-Roasting and 
Smelting. George Packard. (56) Vol. 38. 

The Litharge the Crucible-Assay for Silver. Richard Lodge. 


Physical Factors the Metallurgical Reduction Zinc Oxide. Woolsey McA. 
Johnson. (56) Vol. 38. 


Zine Oxide Iron-Ores; and the Effect Zinc the Iron Blast-Furnace. John 
Porter. (56) Vol. 

The American Mill Oronogo, Joplin District.* Doss Brittain. (16) May 23. 

Blast Furnace Calculations. Koshkin. (20) May 28. 

First Practical Application the Foust Jig.* Doss Brittain. (16) May 30. 


Dressing Sulphide Ores.* (45) June. 

Ores.* Wilbur Hendryx. (Paper read before the Colo. Sci. Soc.) 
(45) une. 

The Tube Milling.* Fox. (45) June 

Greville Jones. (Paper read before the Min. Engrs.) 
(22) June 

Electric Iron and Steel Furnaces.* (11) Serial beginning June 

Modern Reverberatory Smelting Copper Ore.* Offerhaus. (16) Serial 
beginning June 13. 

Recent Developments the and Electric Induc- 


tion Furnaces. Harden. (Paper read before the Faraday Soc.) (22) 
June 26. 


The Behrend Dry Concentrator.* (16) June 27. 

The Butters Vacuum Filter.* Howell Clevenger. (45) July. 

Recent Progress and Present Problems the Blast-Furnace John 
Porter. (Paper read before the Amer. Chem. Soc.) (47) Serial beginning 
July 10. 

Ore Contracts from the Smelter’s Standpoint.* Clarence Grabill. (16) July 11. 

Handling Blast Bullion the Selby Smelting Works.* James Bennett. 
(16) July 

Ore Sampling Machines. John Church. (16) July 

Veta Colorado Cyanide Mill, Parral, Mexico.* Claude Rice. July 18. 

Mill Construction the Joplin District.* Otto Ruhl. (16) July 

Cost Producing the World’s Supply Copper. James Ralph Finley. (16) 
July 25 


Tube Mill Crushing.* Wilson. (45) Aug. 
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Gaz Occlus dans les Aciers.* Belloc. (92) Apr. 

Elektrisch Betriebenes Umkehr-Blockwalzwerk der Georgsmarienhiitte.* Karl 
Wendt. (50) April 29. 

Stahlformguss aus dem Elektrischen Ofen.* Bernhard Osann. (50) May 

Ueber Neuere Hochofenbegichtungen.* (50) Serial beginning May 

Das Verfahren zur Durchfiihrung des Thomasprozesses. Goerens. 

Die Siemens-Martinofens.* Mayer. (Paper read before the 
Verein Deutscher (50) Serial beginning May 20. 

Ueber die Entschwefelung Héroult-Verfahren. Th. Geilenkirchen. (50) June 17. 

Die Betriebsmittel fiir die Hochofenbeschickung.* Schiebeler. (50) 


July 
Ueber die Bestimmung von Wolfram Stahl bei Gegenwart von Chrom. 
Knorre. (50) July 


Die Entschwefelung des Flusseisens Elektrischen Induktionsofen. Bernhard 
Osann. (50) July 15. 


Military. 


Big Gun Making Sweden.* May 
Military Ballooning.* (44) Aug. 


Mining. 


Chrome Iron Mining Canada.* Strangways. (5) Vol. 21, Pt. 


Labour-Saving Appliances the Mines the New Kleinfontein Co., Transvaal.* 
Edward Way. (75) Nov 


1907. 

Electrical Installation Tribley Pit.* (73) May 15. 

The Mining Districts Central Peru.* Pickering. (16) May 16. 

Machine Drills for Stoping.* Eustace Weston. (Abstract from Journal, 
Chemical, Metallurgical and Min. Soc. South Africa.) (16) Serial begin- 
ning May 16. 

The Economy Modern Colliery Ventilation. Robinson. (16) May 16. 

Foot Dredger with Two Trommels.* Zicks. (68) May 

Gold-Dredging Practice California.* Robert Sibley. 

The Koehler Coal Mine.* Frank Young. (45) Jun 

The Plant the Pocahontas Consolidated Co., Inc. (45) 

Winding Engine Tests, with Notes and Suggestions the Design and Testing 
Plant. Thacker. (Abstract paper read before the Inst. Min. 
(22) June (47) June 19. 

Electric Power the Clausthal Mines.* Alfred Gradenwitz. (16) June 

The Method Working England.* George Raylton Dixon. (16). 

for Mining Coal England.* George Raylton Dixon. (16) 
une 

Sinking Concrete Mine Shaft.* (19) June 13. 

Seam Moderate Thickness.* George Raylton Dixon. (16) 
une 

The Banka Prospecting Drill.* Middleberg. (68) Serial beginning June 20. 

Silver-Lead Ore Production. James Ralph Finlay. (16) 
une 

Investigation Coal Dust Factor Mine Explosion.* Henry Payne. 
read before the Min. Inst.) (62) June 29; (16) July (45) 
uly. 

The Penrhyn Quarry.* Briggs. (45) July. 

Protection Mines and Miners.* James Beebe. (45) July. 

Safety Lamp Relighters.* James Ashworth. (45) July. 

Dredging Placer Gravels.* Arthur Lakes, Sr. (45) July. 

New Screening Plant Crigglestone Collieries.* (22) July 

Method for Working Thick Coal Seam.* Granville Poole. (16) July 

Longwall Methods Mining Coal Seam.* Lucius Mayer. (16) July 

the Electric Current Safe Coal Mines? Rush Hosler. (Paper read before 
the Distr. Min. Inst., Philipsburg. Pa.) (16) July 

Mining and Transportation Santa Eulalia.* Claude Rice. (16) July 

The Advantages Flushing Coal Mining.* Lucius Mayer. (16) July 

Coal Mining Methods Randolph County, Mo.* Rutledge. (16) July 

The Employment Storage Batteries Colliery Power Stations.* Wm. Maurice. 
July 10. 

Switchgear for Mines.* Clothier. (73) July 10. 

Notes upon Mining Cables.* Brooking. (73) July 10. 

Electrical Signalling Mines.* Hird. (73) July 10. 

Ventilation Mines Electric Fans.* Gibson. (73) July 10. 

Electric Pumping.* Herzfeld. (73) July 10. 

Winding.* Campbell Futers. (73) July 10. 

Energy Calculations Coal Winding.* (73) July 10. 
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Mining—(Continued). 


Electric Haulage Mines.* Mountain. (73) July 10. 

Electrical Coal-Cutting Machines.* Hurd. (73) July 10. 

Fighting Fire Anthracite Coal Mine.* Devers. (16) July 11. 

Water Power for Iron Mining; the Hydro-Electric Plant the Penn Iron Mining 


Company Vulcan, Mich.* Thomas Orbison and Frank Armstrong. 
(20) July 16. 


Mining Exhibition Olympia.* (11) Serial beginning July 17; (22) July 17. 
Mining Flat Coal Seams under Heavy Cover.* Audley Stow. (16) July 18. 


Cost the World’s Supply Copper. James Ralph Finlay. (16) 
uly 


Lead Mining Mechernich, Prussia.* Mayer. (16) July 25. 

Shot Firing Electricity.* (45) Aug. 

Mining and Reduction Ely Ores.* Herrick. (45) Serial Aug. 

Preventing Mine Explosions.* George (45) Aug. 

The Yatesboro Power Plant.* Means. (45) Aug. 

The Mt. Morgan Mine.* Colvocoresses. (Abstract from Yale Scientific 
Monthly.) (45) Aug. 


Cementation.* Morin. (Abstract from Annales des Mines.) 
ug. 

Discussion Mine Curve Problems.* Tiffany. (16) Aug. 

Pumping Problems the Joplin District.* Doss Brittain. (16) Aug. 


Lutte contre Grisou contre Carbone dans les Mines Houille.* 
Gréhant. (92) June. 


Rupture des Galeries Mines Bois par des Charges Poudre Explosant 
sous Sol.* Blaise. (30) 


Miscellaneous. 


Secrecy the Arts. James Douglas. (56) Vol. 38. 
New Development Cross-Section Paper.* Henry Hess. (2) Apr. 
the Forests and Streams the United States.* Thomas Will. (3) 


ay. 

New Radiation Pyrometer.* Charles Burton Thwing. (3) May. 
Pioneer Engineering.* Frederic Shelford. (12) Serial 
Method and Cost Blasting more than 3500 Stumps. (86) May 13. 


The Management the Black Locust Plantations the Pennsylvania Railroad.* 
Sterling. (13) May 14. 

The New Method Training Engineers. Magnus Alexander. (42) 

The Retaining Walls.* Harold Petterson. (14) 


18. 
Photometry Portable Lamps.* Berthold Monasch. (Abstract from Journal fiir 
Gasbeleuchtung.) (83) July 15. 


Examples High and Low Cost Wheel Scraper Work, with Comments the 
Efficiency Work Done. (86) July 22. 


The Cost Digging Wet Holes. with some Comments Furnishing Special Clothing 
for Workmen. (86) July 29. 


Théorie Parabole Gauche par Géométrie Vectorielle. Stuyvaert. (31) 
Vol. Pt. 


Die Akademische Ausbildung der Maschineningenieure Nordamerika und Eng- 
land. Alexander Lang. (48) May 80. 


Municipal. 


June. 
Serial beginning 


The Bracing Trenches and Tunnels, Practical Formulas for Earth Pres- 
sures.* Meem, Am. Soc. (54) Vol. 60. 

Reinforced Concrete Foundations over Paved Streets. John McNeal, 
Am. Soc. (54) Vol. 60. 

Engineering Problems Road Construction.* Hunter. (2) Apr. 

Electrically-Propelled Fire Boats for (27) May 16. 

The Thames Tunnel.* (15) May 22. 

The Municipal Asphalt. Repair Plant the Borough Brooklyn, and Data the 
Cost Operating it. (86) May 27. 

Recent Developments Fire Protection Devices.* Gorham Dana. (7) June. 

Data Tarvia Road Treatment New York State and Tar Macadam Work 
Canada. (Abstract from Annual Report the Mass. Highway Comm.) (86) 
June 

Data Macadam Road Construction Easton. Pa. (86) June 10. 

Fire Protection. Neracher. (58) July. 

Data Macadam and Gravel Road Work. (86) July 

Some Experiments upon the Beamlike Strength Brick Pavement. (86) July 

The St. George Ferry Approach Improvements, New York City.* (14) July 11. 

Road Making Relation Street Cleansing. Boulnois. (Paper read 
before the Inst. Cleansing Supts.) (14) Aug. 

The Construction Roads.* Austin (Abstract Bul. 
Dept. Agri.) (19) Serial Aug. 
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Railroad. 


The Bracing Trenches Tunnels, with Practical Formulas for Earth Pres- 
Meem, Am. Soc. (54) Vol. 60. 

Mining New York City and Vicinity.* Hildage. (56) Vol. 38. 

Mallet Type Articulated Locomotives.* Grafton Greenough. (2) Apr. 

The Itemized Cost Four Frame Depots. (87) May. 

Draft Gear Proposition.* Sanderson. (65) May. 

for Indian Broad-Gauge Railways.* Kelway-Bamber. 


Mountain Railroad Location. Cryderman. paper read before 
the Pacific Northwest Soc. Engrs.) (15) May 

Preservation Railroad Ties. Samuel Rowe. (40) 15. 

Experiments with Railway Cross-Ties. (14) May 16. 

the Fairmont Clarksburg Traction Company’s System.* (17) 

ay 
The the Lackawanna Wyoming Valley Railroad Company.* 
ay 

Consolidation Locomotive for the Delaware Hudson.* (40) May 22. 

Heating Passenger George Smart. (18) May 23. 

Mikado Locomotive for the Kentucky Tennessee Railway.* (15) May 29. 

The Electric Operation Signals and Points Schwerte Station.* 
(From Organ fiir die Fortschritte des (88) June. 

Brake Trials Long Goods Trains made June and July, 1907, the Hun- 
Railway.* (Abstract from Annalen fiir Gewerbe und Bauwesen.) 

une 

Reinforced Concrete Substitute for Wooden Piles and Cross-Ties Sleepers.* 
Alexander Crawford Chenoweth. (65) June. 

The Solution the Crank Axle Problem.* Lanning. (25) 

Forging the Great Northern Railway Shops.* (25) June. 

General Tool System, Atchison, Topeka Santa Railway.* (25) June. 

Reinforced Flue Sheet.* Lewis. (25) June. 

Test Mallet Articulated Compound Locomotive, Erie Railroad.* (25) June. 

The Product and Methods European Locomotive Works.* Charles King. (9) 


June. 


une. 
Questions Design and Specifications.* Harold Coes. 

Through the Scotch Highlands Rail.* Gairns. (10) 

Tie Treating Plant Northern Pacific Railway Paradise, (87) 

Compound Tank Engines France.* (21) June. 

Operating Signals Jacobs. (21) June. 

Vacuum Automatic Brake; Austrian Imperial State Railways.* (21) 

une. 

Stampede Tunnel 850 Lin. Ft.) and its Masonry Lining. 
une 

Simple Track Inspecting and Machine.* (13) June 

Standards Track Construction American Railways. (13) June 

New Continental Locomotives.* (47) June 

The Life Steel Ties.* Cushing. (15) June 

Brake Trials the North-Eastern Railway.* (12) June 

Dutch Kills Interlocking.* (15) June 

Steel Ties the Bessemer Lake Erie (18) June 

The Buffalo, Lockport Rochester Railway.* (17) June 

Car and Rolled, History Past and Present.* James Baker. 
(62) une 

Examination Rail.* Waterhouse. (20) June 11. 

New and 4-6-0 Type Locomotives for the Western Railway France.* 
(47) June 12; (12) July 17. 

Norfolk Western Coal and Coke Cars.* (15) June 12. 

Standard Freight Car; Virginian Railway.* (15) June 12. 

Cast-Iron Wheels.* (15) June 12. 

Single-Phase Electric Traction the Heysham, Morecambe and Lancaster Section 
the Midland Railway.* (73) 12; (12) Serial beginning June 12; 
(26) Serial beginning June 12; (17) July 

The Youngstown Ohio River Railroad.* (17) June 13. 

Instructions Operators Railway Converter Sub-Stations.* Woodbridge. 
(17) June 13. 

Jacksonville Shops the Seaboard Air Line Ry.* (18) June 13. 

Structural Steel Freight Car Construction.* Akerlind. (18) June 13. 

The Moisture the Atmosphere and its Effect the Operation Compressed Air 
Machinery, Especially Air Brake, Multiple Unit Train Control and Train 
Signal Systems.* Murphy. (13) June 

The Brake Problem Affected Efficient Sanding (73) June 19. 

Locomotives for Heavy Service the Norfolk Western.* (15) June 19. 

Roller Bearing Center Plates.* (15) June 19. 

Early and Thorough Test Continuous Brakes England. Caruthers 
(15) Serial beginning June 19. 


June. 
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Railroad—(Continued). 


Twelve-Wheel Mallet Compound Locomotive; Central Railway Brazil.* (11) 
June 19; (67) June. 

Union Station Winnipeg, Man.* (15) (14) June 20; (13) June 18. 

The Locomotive Repairs the Atchison, Topeka Santa Fe.* (15) 

une 

The Locomotives the Eastern Railway France.* Chas. Lake. (15) Serial 
beginning June 19. 

Interlocking Signal Plants the Pacific Electric Railway.* (17) June 20. 

Cab-Signalling Locomotives.* Pigg. (19) Serial beginning June 


Terminal the Chicago, Lake Shore Eastern Ry. Gary, Ind.* (18) 
une 


Railway Telephony.* Harkness. (Paper read before the Telephone 
Soc.) (18) June 20. 
Recent Narrow Gage Locomotives for Heavy Service.* (18) June 20. 
New Jersey-New York Suburban Service. (46) Serial beginning 
une 
Reinforced-Concrete Station the Norfolk and Western Ry., 
Concord, Va.: Type the Most Recent Equipment.* (13) June 25. 


The Train- -Lighting System the Gesellschaft fiir Zugbeleuchtung.* (11) 
une 


New Goods Yard and Warehouse Glasgow.* (12) June 26. 

Brake Shoe Tests. (Abstract Report Comm. Master Car Builders’ Assoc.) 
(17) June 27; (18) June 27. 

The Roma Civitta Castellana Single-Phase Railway.* (17) June 27. 

Mechanical Locomotive Stokers.* (Report Committee the Amer. Ry. Master 
Mechanics’ Assoc.) (18) June 27. 

Steel Passenger Cars. (Abstract Report Comm. Master Car Builders’ Assoc.) 
(17) June 27; (25) July. 

Walschaert Valve Gear; Pennsylvania Railroad.* (25) July. 

The Accumulator-Car Traffic the Palatinate Railways. (From 
Zeitungs des Vereins deutscher Eisenbahnverwaltungen.) (88) July. 

The Rail Maker versus the Rail Consumer.* Waterhouse. (9) July. 

Electrical Power Railway Goods Warehouses.* Henderson. (77) July. 

Experiments with Railway Cross-Ties.* (Abstract Circular 146, Forest 
Service.) (87) July. 

Cost Lining 4000-ft. Tunnel. (87) July. 

Examples Labor Saving Machinery and Methods for Placing Concrete Tunnel 
Lining.* (86) July 

The Cost Driving Earth Tunnel for Railroad.* (86) July 

Mikado Locomotive for the Virginian Railway.* (15) July 

Recent American Ten-Wheeled Locomotives.* (47) July 

Double-Tracking the Southern Railway between Greensboro and Spencer, C.* 
George Gilbert. (14) July 

The Annapolis Short Line.* (17) July (18) July 11; (21) 


uly. 
Cost Transporting Men, Tools and Supplies Railroads for Grading. (86) 
July 


The Locomotive.* (15) July 10. 

Abt Rack Locomotive for the Transandine Railroad.* (15) July 10. 

Four-Coupled Eight-Wheeled Side-Tank Locomotive; Egyptian Delta Light Rail- 
ways, Ltd. (11) July 10. 

Consolidation Locomotive for the Southern Railway.* (18) July 11. 

Steam Motor Car: Chicago, Rock Island Pacific R.* (13) July 16; (25) 


Aug. 

Rail Corrugation.* Carus-Wilson, Assoc. Inst. (Paper read before 
the Tramway Congress, Franco-British Exhibition.) (11) July 17; (73) 
Serial beginning July 24. 

The Use Steam Locomotives.* Wilhelm Schmidt. (15) Serial 
beginning July 

Ventilating and Heating Coaches and Sleeping Cars.* (Report Comm. 
the Master Car Builders’ Assoc.) (18) Serial beginning July 18. 

New Gas-Engine Power Plant the Western New York Pennsylvania Traction 
Company.* (17) July 18; (64) July 14. 

Cost Excavating Earth with Electrically Equipped Shovel.* (86) July 22. 

Rapid-Acting Vacuum Brakes for Goods Trains.* (11) July 24. 

Valuation Railroad Property. Henry Fink. (15) Serial beginning July 24. 

Evolution the Locomotive Truck.* Bullock. (15) July 24. 

Ten-Wheel, Oil-Burning Locomotive for the Southern Pacific Co.* (18) July 

Reconstruction and Extensions the Western New York and Pennsylvania Lines.* 
25. 

Single-Phase Locomotive the Windsor, Essex Lake Shore Railway Canada.* 
Dewitt. (17) July 25. 

The Machine Railroad Refrigeration. Joseph Hart. (15) July 

31. 


Con: Locomotive; Chesapeake Ohio.* (15) July 
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The and Methods European Locomotive Works.* Charles King. (9) 
ug. 

Locomotive Smokestacks.* (25) Aug. 


Fuel Economy.* Squire. (Abstract paper read before the Master Mech. 
Assoc.) (25) Aug. 


Mallet Articulated Compound Steam Locomotive. 


(Report Committee Master 
Mech. Assoc.) (25) Aug. 
Four-Cylinder Compound Locomotives Service. (Report Committee Master 
Mech. Assoc.) (25) Aug. 


Couplers.* (Report Committee Master Car Builders’ Assoc.) 
ug. 

Long Interurban Line Texas.* (17) Aug. 

Single-Phase Road Locarno, Switzerland.* (17) Aug. 

Need for Lighter Cars. Ayres. (17) 

Spiral Tables the Canadian Pacific Railway.* 


Aug. 
Cab England.* Jacobs. (Paper read before the Ry. Club.) (18) 
ug. 
ol. Pt. 


Les Lignes Montagne Amilhau. (43) Feb. 

Théorie et-Pratique des Voies Ferrées Futures.* Schliissel. (32) Mar. 

des Voies Coussinets Coin Métallique.* Chateau. (38) May. 

Ateliers Voitures Wagons Burbach.* (38) May. 

Les Chemins Fer dans les Alpes Autrichiennes.* Hofer. 

Note sur Détermination Experimentale Coefficient Frottement des Lames 
Ressorts.* (38) June. 

Installation d’un Escalier Marches Mobiles dans Gare Quai d’Orsay. Ch. 
Jullien. (38) June. 

Essais sur Résistance Opposée Glissement Longitudinal des Rails par les 
Eclisses Renforcées par les Coussinets Coins Acier des Chemins Fer 
(38) July. 

Note sur les Nouveaux Wagons Primeurs les Nouveaux Wagons Marchandises 
20T Compagnie P.-L.-M.* Henri Langrenon. (38) July. 

Les Lignes Simplon.* Ch. Dantin. (33) July 

Funiculaire Electrique Pau (Basses-Pyrénées).* (33) July 11. 

Travaux Chemin Fer des Alpes Bernoises (Berne-Loetschberg-Simplon).* 
Ch. Dantin. (33) July 18. 

Die Neue Bahnsteighalle Krefeld. Karl Wilsdorf. (49) Vol. 7-9, 1908. 

zur Zeichnerischen Massenermittlung, Massenverteilung und 
bestimmung der Erdarbeiten. (49) Vol. 7-9, 1908. 

Bemerkungen iiber die Berechnung des Erddrucks auf Stutzmauern.* Miiller- 
Breslau. (81) Vol. 1-2, 1908. 


und Untersuchungen Erddruck. Fr. Engesser. (81) 1-2, 


Wirkungsweise und Antrieb der Hans 
Martens. (82) Serial beginning May 

Der Umbau des Hauptbahnhofes Niirnberg.* (51) Serial beginning May 

Der Elektrische Betrieb auf den Endstrecken der New York-, New Haven- und 
Hartford-Bahn.* Meyer. (48) Serial beginning May 23. 


Uber die der Geleisebettung.* Schneider. (53) July 17. 
Der Stand der Elektrischen Vollbahnen der 
Einphasenbahnen.* Fr. Hichberg. (48) July 18. 


Railroad, Street. 


The Washington Street Tunnel the Boston Subway System.* (14) May 16. 

T-Rail Track Construction.* Mark Lowd. (Abstract paper read before the 
Southwestern Elec. and Gas Assoc.) (72) May 16; (17) May 23; (24) 
May 

The Equipment Department the Interborough Rapid Transit Company; Mis- 
cellaneous Maintenance Shop Costs and Painting Practice.* (17) May 23. 

The Northwestern Elevated Extension Evanston, (17) May 23. 

The Capacity the Subway. Bion Arnold. (Abstract Report 
Public Service Commission.) (15) May 29; (17) May 30; (18) May 
(13) 

London Underground Electric Railways.* (15) May 29. 

The Improvement and Extension the South Side Elevated Railway, Chicago. 
(13) June 

Power Consumption and Speed the New York Subway.* Stillwell. (17) 


une 
The Block Signal Train Indicating and Emergency Safety Equipment the Inter- 


borough Rapid Transit Co., the East River Tunnels, New York City.* (13) 
June 11. 


Illustrated. 
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Railroad, Street—(Continued). 
Section 903 the Bridge-Loop Subway, New York City.* (14) 
une 

Unique Application Thermit Welding Shallow Rail.* (17) June 27. 

Mr. Arnold’s Report the Subway Signals. (15) Serial beginning July 

Special Tools the Shops the Chicago City Railway Company.* (17) July 11. 

Tramway Rail Joints.* Gibbings. (Abstract paper read before the Tram- 
ways and Light Ry. Assoc.) (73) July 17. 

Voies suspendues Trolleys, Tourtellier.* (34) June. 

Chemin Fer Métropolitain Paris; Ligne No. gare Nord pont 
Hervieu. (35) Serial beginning July. 


Sanitary. 


Municipal Refuse Disposal: Investigation.* Fetherston, Assoc. Am. Soc. 
(54) Vol. 60. 
The Collection and Disposal Municipal Waste and Refuse.* Goodnough. 

(Paper read before the Boston Soc. Civil Engrs.) (1) May. 
Sewerage Statistics. Harrison Eddy, Bertram Brewer and Charles Saville. (Re- 
port Comm. the Boston Soc. Civ. Engrs.) (1) May. 
and Electricity Generating Station Greenock.* (12) May 
May 
Cost Brick, Concrete and Pipe Sewers. (13) May 21. 
The Cleveland, Ohio, Garbage Reduction Works.* (14) May 23. 
Station and Submerged Force Main, Salem, Massachusetts.* (13) 
The Management the Typhoid Fever Epidemic Watertown, Y., 1904.* 
George Soper. (28) June. 
Cast Iron and Reinforced Concrete Culvert Pipe.* Arthur 
une. 
Method and Cost Building Pipe Sewer through Quicksand, Excavating the 
Ground with Pump, showing Remarkable Economy.* (86) June 
New Sewage Works Twickenham.* (12) Serial beginning June 
Sanitary Patrol Watersheds. Theodore (From Monthly Bulletin. 
State Dept. Health.) (14) June 20. 
Destruction Cement Mortar and Concrete Alkali Salts Great Falls, Mont., 
the Effect Alkali Portland Cement. (Sewers.) (86) 
une 24. 
Sewage Purification Works the State Agricultural School, St. Anthony Park, 
Minn.* Frederick Bass. (13) June 25. 
Cost Shallow and Deep Sewer Trenches. Palmer. (13) June 25. 
The Winston-Salem Intercepting Sewer. Ambler. (13) June 25. 
The Wilkes-Barre Heat, Light Motor Company, Live Steam Heating Plant.* 
James White. (70) July. 
City Refuse and its Disposal.* Parsons. (Abstract from Journal, Soc. 
Chem. Industry.) (19) July 
Sewage Purification Washington, Pa.* Winthrop Pratt. (13) July 16. 
The Travis Hydrolytic Sewage Tanks Norwich, England. Collins. (Abstract 
paper read before the Inst. Mun. and County Engrs.) (14) July 25. 
Heating the Brooklyn Academy Music.* (14) Serial begin- 
ning July 
The Harlem Creek Sewer and its Steel Centering: St. Louis, Mo.* (13) July 30. 
The Relative Hygienic Values Gas and Electric Lighting. (13) July 30. 
Studies the Physiological Control Sewage Filters, New Britain, Conn. 
Milton Davenport. (13) July 30. 
Methods and Cost Constructing Conerete Sewer.* Ripley. (60) 
Aug. 
New Sewerage System Washington.* (14) Aug. 

Refoulement des Produits Dragages Conduites Fermées, Remblaiement des 
Marais Bordeaux; Mémoire.* Vidal and Kauffmann. (43) Nov. 1907. 
Cloture des Travaux Commission pour Comparative des Peintures 

Blanc Zinc Céruse. (92) Apr. 
Die Anwendung des Stampfbetons bei den Dresdener Kanalbauten.* Pressprich. 
(78) Serial beginning Apr. 22. 


Structural. 

The Reinforced Concrete Work the McGraw Building.* William Burr, 
Am. Soc. (54) Vol. 60. 

Location, Arrangement and Construction Manufacturing Plants.* George 
Brill. (4) Apr. 

Iron-Ore Cement.* (67) May. 

Practical Experiments Steel.* Chas. Huston. (3) May. 

Influence Proportion Water the Compressive Strength Cement, Mortar 
and Concrete.* (Abstract tr. from Centralblatt der Bauverwaltung.) (12) 


May 15. 
The National Bank Building Oakland, California.* (14) May 16. 
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Structural—(Continued). 


Difficult Sub-Surface Building Work Chicago.* (14) May 23. 

Fire Protection the New Forrest Theatre, (14) May 23. 
The Steel Hardness Tester.* (22) May 29. 

Sand-Lime Mortar. Michaelis, Sr. (67). June. 


Protecting Iron and Steel against Corrosion.* Geo. Heckel. (3) 


Cost Five Frame Section Houses. (87) June 

Plans, Specifications and Estimates the ‘of Building Detroit Exact 
Duplicate the Great Pyramid Gizeh.* Wheeler. (Paper read before 
the Detroit Eng. Soc.) (1) June. 

Wind Bracing Buildings.* Arthur Bobbs. (58) June. 

Column Formulas and Lattice Bracing. (15) June 

The Treatment the Open-Tank Method.* Carl Crawford. (Abstract 
from Circular Dept. Agric.) (46) June 

Comparison Economy Reinforced Concrete, Cast Iron and Steel Column 
Construction. Hutchins. (From Cement Age.) (86) June 17. 

Notched-Bar Impact Tests.* (11) June 19. 

the Determination the Bending Moments the Points Support Con- 
tinuous Beams.* Smith. (11) June 26. 

Tall-Building Construction New York.* Hughes. (10) 

Tests the Spreading Power Paints. 

Belle Iron Works Improvements.* (20) 

uly 

Calculating the Strength Riveted Joints.* (64) July 

The Ryerson Iron and Steel Warehouse.* (20) July 

Guest’s Law Combined Smith. July 10. 

The Testing Alloys. Parker. (Paper read before the Brit. Foundrymen’s 
Assoc.) (11) July 


The Zinc Protecting Iron and Steel Surfaces.* Sherard Cowper- 
oles. 


(Abstract paper read before the Glasgow Tech. College Sci. Soc.) 
(20) July 23. 


Test Reinforced Concrete Beams, ft. Long, ft. Wide and ft. ins. 
Thick.* Arthur Talbot. (86) July 29; (14) Aug. 

Loop Eyes and Upset Ends Steel Rods.* Malverd Howe. (15) July 31. 

Test Large Reinforced Concrete Beams.* (15) July 


The Economic Aspects Wood Preservation for Structural Purposes. Carlile 
Winslow. (9) 


Wood Preservation. Sherfesee. (Abstract from Circular, Forest Ser- 
vice.) (19) Aug. 


New Excavation Gary, Ind.; Detailed Ripley. (62) 


July. 


Note sur Détermination Moment Fléchissant Maximum dans 
une Poutre Reposant sur deux Appuis, sous d’une Surcharge Mobile.* 
Mayer. (43) Feb. 

Note sur une Méthode pour Comparer des Liants Hydrauliques 

Note sur les Additions Pouzzolanes aux Mortiers Prise Mer. 
Vetillart and Feret. (43) Feb. 

Résistance des Billes des Rouleaux.* Maurice Koechlin. (33) May 

L’Emploi dans les Constructions.* Dehem. (30) June. 

Pieux Béton Ciment, Raymond.* (33) June 27. 


Reconstruction Campanile Saint-Marc, Venise.* Raulin. (33) July 
pr. 


Bestimmung fiir Betonhohlsteine (Angenommen von der National Association 
Cement Users America) Gottschalk. (78) Apr. 22. 

Ueber Neuere Siloanlagen Graff. (Paper read before the 
Deutscher Gips Verein. V.) (80) Apr. 30. 

Ueber Michaélis. (Paper read before the Deutscher Verein fiir 
Ton-, Zement- und Kalkindustrie V.) May 

Ueber einen Apparat zur Unmittelbaren Bestimmung der Querdehnung nebst Ver- 
suchsergebnissen Gusseisen.* Meyer and Pinegin. (82) May 

Ein Studieplan fiir die Weitere Erforschung der Hydraulischen Bindemittel. Karl 
Zulkowski. (50) Serial beginning May 13. 

Zementsilo Eisenbeton.* Emil Reich. (78) May 14. 

Vergleichende Bruchversuche mit Probeobjekten aus unter Verwendung 
des Schlackenzements. Blodnig. (78) May 

Neue Bronzen fiir den Maschinen-, Geschiitz- und Schiffsbau.* 


Walter Riibel. 
(53) June 
Weberei-Neubau der Firma Miinch Cie Hof (Bayern).* Em. Haimovici. 
(78) June 10. 


Die Ergebnisse Neuerer Versuche mit Vergleich mit den 
Amtlichen Preussischen “Bestimmungen fiir die Ausfiihrung von Konstruktionen 
aus bei Hochbauten.” Otto Graf. (78) Serial beginning June 10. 
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Analytische Berechnung von Gottschalk. (78) June 10. 

Zur Berechnung von und Wagrecht Gebogenen Balken.* 
Karl Mautner. (51) Serial beginning June 17. 

des Abbindens des Portlandzementes. Hart. 
une 27. 

Das bei Platten und Balken aus Hisenbeton.* Franz Kégler. 
(51) June 27. 

Untersuchung der Biegbarkeit von Adolph Schuchart. (50) Serial 
beginning July 

Giessereigebiude der Siemens Halske A.-G. Nonnendamm bei 
Rerlin.* Sturmann. (78) July 

Der Gleitwiderstand bei den Verbundkérpern.* Doucas. (78) July 

Berechnung der Wandungen Zylindrischer Reservoire. Th. Bielakoff. (78) July 


Topographical. 


Invar (Nickel-Steel) Tapes the Measurement Six Primary Base Lines.* 
Owen French, Am. Soc. (54) Vol. 


The Panoramic Camera Applied Photo-Topographic Work.* Charles Will Wright. 
(56) Vol. 38. 


The Verschoyle Pocket Transit.* Denham. (56) Vol. 38. 
Some Historical Facts the Discovery and Use the Magnetic Needle, and 
Some Facts from the Author’s Experience with the Compass and Jacob Staff 


Land Surveying Louisiana. Robertson. (Paper read before the 
Louisiana Eng. Soc.) (1) Apr. 


New Development Cross-Section Paper.* Hess. (2) Apr. 
Water Supply. 


Reinforced Concrete Pipe for Carrying Water under Pressure.* Chester Wason 
Smith, Assoc. Am. Soc. (54) Vol. 60. 

ol. 

Recent Practice Hydraulic-Fill Dam Construction. Discussion Howells 
and Schuyler. (54) Vol. 60. 

Rotating Screen Power Canal, Salt River Project.* Teichman, Am. Soc. 
(54) Vol. 60. 

and Use Hydraulic Turbines.* Wm. Kennedy, Jr. (5) 

Cost Hauling Water Main Across Channel Vancouver, (13) May 


Some Observations upon the Underground Water Supplies the Thames Basin. 
Clayton Beadle. (29) May 15. 


Comparative Costs (Dams).* Davis. (14) May 16. 

Experience with Water Incrustation (14) May 16. 

The Experimental Water Filtration Plant and the Filter Plant Improvement the 
People’s Water Co., Oakland, Cal.* Berard. Assoc. Am. Soc. E., 
and Langdon Pearse, Jun. Am. Soc. (13) May 21; (14) July 25. 

Overating Results the Water Purification Plant-at Ithaca. Y.* (14) May 23. 

The Water-Supply System Wash.* (14) May 23. 


Corrosion the Steel Water Supply Conduit Rochester, Y.* Richard 
Gaines. (13) May 28. 


Cost Data Concrete Lining Gunnison Tunnel. (14) May 


Hydro-Electric Plant the Crosse Water Company.* Geo. Merritt 
Ward. (14) May 


The Troy Water Works Extension.* Grimes. (28) June. 
Power Capacity Running Stream without Storage.* Wm. Raymond. (28) 


June. 

Filter Operations, Investigations for Additional and Construction New 
Filter Lawrence, Mass.* Morris Knowles, Collins and Arthur 
Marble. (28) June. 

Investigation Collapse Filter Roof during Construction Lawrence, Mass.* 
Sanford Thompson. (28) June. 


Cast Iron and Reinforced Concrete Culvert Pipe.* Arthur Talbot. (4) 


The Cataract the Water-Supply System Sydney, New South Wales.* 
une 

Conservation Life and Health Improved Water George Kober. 
(Abstract paper read before the Conference Conservation Natural 
Resources.) (14) June 

Methods and Cost Building Concrete-Steel Culvert Carry Irrigation Canal 
under Creek Red. Henry Young. (86) 10. 

Cost Steel Sheet Piling for Cofferdam for Concrete Dam. Reclamation Ser- 
vice. (Abstract from Reclamation Record.) (86) June 10. 

Notes Two Recent Tests Fuel Oil Pumpine Engines. (14) June 13. 


The Alberta Irrigation Project the Canadian Pacific Railway Co.* Dennis. 
(14) June 13. 


{ 
| 
| 


— 


‘ | 


— 


. 
a 
q 
q 
j 
§ 
4 
4 
| 


CURRENT ENGINEERING LITERATURE 363 


Water 

Progress the Ashokan Reservoir.* (14) June 13. 

Test Air-Lift Pumping Plant and Experimental Studies Air-Lift Pumps.* 
(13) June 18; (47) July 10. 

The Failure Wrought-Iron Waterloo, Y., from Pitting.* 
Morrison, Am. Soc. (13) June 25. 

Hydro-Electric Development Colorado.* (14) June 27. 

The Intake Tunnel the Municipal Water-Works Gary, Indiana.* (14) June 27. 


Experiments the Preliminary Treatment Potomac River Water Washing- 
Longley. (Abstract report Major Spencer Cosby.) 
une 27. 


City Birmingham Water Department, Elan Supply Works. Anthony Lees. 
(Paper read before the Assoc. Water Engrs.) (66) June 30. 

The South Staffordshire Water Company’s Works.* Ashton Hill, Inst. 
(Paper read before the Assoc. Water Engrs.) (66) June 30. 

Water Power Development the National Forests; Suggested Government Policy. 
Frank Baum. (42) July. 

Testing Diamond Drill Borings the Site the Olive Bridge Dam, Ashokan 
Reservoir.* (14) July 

The Reservoir and Hydraulic-Fill Dam, Brazil. Thomas Berry. (14) 
uly 

Tropical Water-Works.* Young. (14) July 

Cost Reservoir Construction and Legal Expenses Condemning 
uly 


the Rand Water Board, Zwaartkopjes Station. (11) 
uly 


The Little River Water Supply for Springfield, Mass.* (14) July 11. 

Large Hydraulic Development and Wood Pulp Mill Canada.* Julv 

Wells and Boreholes for Town Water Supply. Ashton Hill, Inst. 
(Paper read before the Assoc. Water Engrs.) (66) July 14. 

Planning the Execution Contract for Dam, the Methods used Together with 


Some Notes and Comments the Plant Needed and the Life such Plant.* 
(86) July 15. 


Hydraulic Power Development the Town Kenora.* (14) 


July 18. 
The Fall Increaser, Device for Increasing Turbine Efficiency.* Clemens Herschel. 
(Abstract from Harvard Engineering.) (86) July 22. 
The Bamford Filters the Derwent Valley Water Board.* Andrew Williamson, 
Assoc. Inst. (11) July 24. 


Plant for the Delaware Water Company Christiana Creek.* (15) 


24. 
The Mexican National Irrigation Law. Arturo Reyes Temple. (14) 25. 
Conservation Power Resources.* St. Clair (42) 
The Water Softening and Filtration Plant McKeesport, Pa.* (14) Aug. 
Essais des Machines Onoz par Cie. Intercom- 
munale des eaux Bruxelloise.* Boulvin. (31) 
Réservoir Vingeanne.* Jacquinot. (43) Feb. 


les Turbines Hydrauliques Rendement Maximum. Bonnifet. (37) 


pr. 
Construction Rupture Barrage Acier Hauser Lake, sur Missouri 
(Etats-Unis).* Dumas. (33) 


May 30. 
Les Gravier dans Liége. Edmond-G. Detienne. (30) 
une. 


Der Wasserturm Liineberg.* Franz Kriiger. (81) Vol. 1-2, 1908. 
zur Frage des Innern Auftriebes Talsperren.* Mattern. (81) Vol. 


Die Talsperre und das bei Marklissa Queis.* Bachmann. 
(49) Vol. 7-9, 1908. 


Versuche Pumpen-Ringventilen.* Klein. (82) Serial beginning May 
Das Verhalten Pumpenventile Voraussetzung des Schwebezus- 
tandes.* Sieglerschmidt. (48) May 


Die Ableitung der Turbinenhauptgleichung der 


Vik- 

tor Fischer. (53) May 15. 

Eine Moderne Niederdruck-Wasserkraftanlage.* Guido Hem- 
meler. (48) Serial beginning May 30. 

mit und Energiezufuhr.* Robert 
Léwy. (53) June 12. 

Ueber das von mit Uberfallen.* Ed. Boden- 
seher. (53) June 19. 

Die Neue Apulische Wasserleitung.* Beraneck. (53) Serial beginning July 

Waterways. 


Schemes showing the Possibilities St. John, B., Great Port; and how the 
Interior New can Opened Ocean Traffic.* Arm- 
strong. (5) Vol. 21, Pt. 
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Waterways— (Continued). 
The Gold and Silver Deep-Sea Dredgings. 


The Monongahela River; Some its Characteristics and Brief Sketch Methods 
Undertaken for the Improvement its Navigation. Roberts. (58) May. 
The Waterways Problem.* Haupt. (3) May. 


Spirally Armoured Concrete Piles.* (12) May 

Electrical Cranes for Dock and Harbour Work.* (26) May 

The Caisson the Baltimore Lighthouse.* Prime Kieffer. (11) 

Havre Port Works. (12) Serial beginning May 29. 

The Cape Cod Canal Project. Wm. Barclay Parsons. (Abstract paper read before 
the Atlantic Deeper Waterways Congress.) (15) May 29. 

The Ohio River.* Arras. (58) June. 


Reinforced Concrete Substitute for Wooden Piles and Cross-Ties Sleepers.* 
Alexander Crawford Chenoweth. (65) June. 


The Application the Reservoir System the Improvement the Ohio River. 
Wm. Connor. (13) June 11. 
The Effect the Conservation Flow the Ohio Basin Floods the Lower 
Mississippi. Horton, Assoc. Am. (13) June 11. 
The Lock the Charles River Dam, Boston.* Walton Sears. (14) June 13. 
High Cost for Reinforced Concrete Lining Canal. (86) June 17. 
Comparison Formulas for Computation Stream Discharge.* Stevens. 
before the conference Dist. Engrs., Geol. Surv.) (13) 
une 25. 
Cost Riprapping Cribs with Breakwater Stone. (87) July. 
Electric Power Docks.* Taylor. (77) July. 
Progress Panama.* (12) Serial beginning July 
The Royal Edward Dock Avonmouth.* (12) July 
The Newark Ship Canal. (14) July (13) July 
The Lock Gates the Charles River Dam, Boston and Mass.* 


Luther Wagoner. (56) 


Edward 
Sherman, Assoc. Am. Soc. (13) July 
The Cornwall, Ont., Canal and the Consequent Drawbridge Collapse.* 
uly 


The Official Report the Georgian Bay Ship Canal. (13) July 16. 

Extensive Sea Wall Coronado Beach, California.* (14) July 18. 

Reconstruction the Anderton Boat Lift.* (12) July 24. 

Pneumatic Caisson Foundation for the Lighthouse the Elbow Cross Ledge, 
Delaware Bay.* (14) July 25. 

Improvements the Columbia River, Oregon and Washington.* 
Hardesty. (13) July 30. 

Reinforced Concrete Work Maritime Brysson Cunningham. (10) 
Aug. 

Les Grands Navires dans Rectifié.* C.-J. Van Mierlo. (31) Vol. Pt. 

Port Dieppe; Note sur Caissons Béton Armé pour Fondation 


Quais l‘Aide des Procédés Pneumatiques.* Herzog. (43) Nov., 
Les Grands Ports Francais leur Transformation leur Autonomie.* Georges 
Hersent. (32) Mar. 


L’Avenir des Colonnes Creuses Ciment Armé.* A.-L. Sanders. (Abstract from 
Gebied.) (84) Serial beginning Apr. 

Note sur Villa” aux Travaux d’Amélioration 
Canal Gand Bruges.* Cavel and Van Haute. (30) June. 

Uber Ignatz Pollak. (53) Serial 
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This Society not responsible, body, for the facts and opinions advanced 
any its publications. 


SOCIETY AFFAIRS 


CONTENTS 
Minutes Meetings: 
the Society, September 2d, 367 
Announcements: 
Hours during which the Society House open 
Letter from the Forest Service, Department 872 
Privileges Local Societies Extended 374 
Accessions the Library: 
Membership (Additions, Changes Address, Resignations, 


Recent Engineering Articles Interest 


MINUTES MEETINGS 
THE SOCIETY 


September 2d, 1908.—President Macdonald the chair; Chas. 
Warren Hunt, Secretary, and present, also, 116 members, and guests. 

The minutes the meetings May 20th and June 3d, 1908, 
and the Annual Convention, were approved printed Proceed- 
ings for August, 1908. 

paper Luther Wagoner, Am. Soc. E., entitled “Notes 
Upon Docks and Harbors” was presented the Secretary, who also 
read discussions Ruggles, Am. Soc. E., and 
Goodrich, Am. E., and the subject was further discussed 
Messrs. Rudolph Hering and Edward North. 

Messrs. Samuel Tobias Wagner, Geo. Stoddard, and 


Triest, were appointed tellers canvass the ballot the 


that Special Committee appointed “To consider and report upon 
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the design, ultimate strength, and safe working values steel columns 
and struts.” 
The tellers reported follows: 


Total number ballots received.............. 

226 


favor appointment Committee. 126 
Against appointment Committee..... 100 


The President announced that the vote is, under the Constitution, 
favor the appointment the Committee. 

The Secretary presented letter from the Forestry Division, 
the Department Agriculture,* and announced that 
with instructions the Board this letter will published, for 
the information members, the next number Proceedings. 

Ballots for membership were canvassed, and the following candi- 
dates elected 

MEMBERS. 
Osman Frep Chicago, 
JaMES Marvin Gites, Guayama, Porto Rico. 
Gross, Philadelphia, Pa. 
Haynes, Bedford, Ind. 


ASSOCIATES. 


The Secretary announced: 


The transfer the following candidates the Board Direc- 
tion September 1908: 


From MEMBER MEMBER. 
Yancey Heber, Ark. 
Asa Kenney Havana, Cuba. 


1226 
Neat Dorchester, Mass. 
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Fenn, Panama, Panama. 

Forp, Philadelphia, Pa. 

Maxson Ambridge, Pa. 

Mason, Portland, Ore. 

St. Petersburg, Russia. 

Parker, Kansas City, Mo. 

Howarp Glendive, Mont. 

Lewis New York City. 


Joun Laroy Mann, Monte Cristi, Santo Domingo. 


The election the following candidates the Board Di- 


February 4th, 1908: 


Brown, Allentown, Pa. 
Harry Gorpon Thomaston, Conn. 


May 5th, 1908: 


Cleveland, Ohio. 


September ist, 1908: 
Palo Alto, Cal. 
New York City. 
JoHN Wesster Troy, 

Baker CLEVELAND, Watertown, 
JEROME CocHRAN, Pheenixville, Pa. 
Gustavo Matanzas, Cuba. 
Howarp Forp, Ames, Iowa. 
CLARENCE Green, Ann Arbor, Mich. 
Aaron Gross, South Bethlehem, Pa. 
Gross, Berkeley, Cal. 

Harpesty, Weston, Mo. 

Murray Hatuaway, Providence, 

Horner, St. Louis, Mo. 

Horton, Berkeley, Cal. 
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San Francisco, Cal. 

Lynn Philadelphia, Pa. 
St. Louis, Mo. 
NEEDHAM Everett Kansas City, Mo. 
Rector Fort Smith, Ark. 

Luna Landing, Ark. 


The Secretary announced the following deaths: 

James Isaac Haycrort, elected Associate Member, January 
1894; died April 11th, 1908. 

elected Member, February 3d, 1875; died July 
20th, 1908. 

elected Associate Member, October 5th, 
1904; Member, March 5th, 1907; died July 28th, 1908. 


elected Member, October 2d, 1901; died 
June 19th, 1908. 


CLARENCE VAUGHN, elected Member, November 7th, 1906; 
died August 4th, 1908. 


Adjourned. 
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THE BOARD DIRECTION 
(Abstract) 


September 1908.—President Macdonald the chair; Chas. 
Warren Hunt, Secretary; and present also Messrs. Andrews, Gibbs, 
Harrison, Hazen, Hodgdon, Horton, Noble, Schneider, Smith, Tillson, 
and Williams. 

The President was authorized appoint Committee three 
report recommendation the time and place for holding the 
next Annual Convention. 

The report the Nominating Committee was received. 

The Secretary reported the number ballots received date 
the question the ‘appointment Special Committee the 
design, ultimate strength, and safe working values steel columns 
and struts, and was instructed bring the matter before the meeting 
the Society, September 2d, 1908, for canvass the ballot. 

The Secretary reported that, accordance with the authority given 
the Board, the President had appointed, Committee recom- 
mend the Award Prizes for the year ending with Transactions for 
July, 1908, Messrs. Alvord, Geo. Anderson, and Charles 
McKinstry. 

The following resignations were accepted: 

Cresswell, Assoc. Am. Soc. E.; Hunsiker, 


Applications were considered and other routine business transacted. 

Thirteen Associate Members were transferred the grade 
Member; one Associate was transferred the grade Associate 
Member, and thirty candidates for Junior were elected. 


Adjourned. 
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ANNOUNCEMENTS 


every day, except Sundays, Fourth Thanksgiving Day, and 
Christmas Day. 


MEETINGS 


Wednesday, October 7th, 1908.—8.30 M.—Ballots for member- 
ship and ballots the proposed Amendments the Constitution, will 
canvassed, and paper entitled “Catenary Trolley Construction,” 
Oliver Lyford, Am. E., will presented for 
discussion. 

This paper was printed Proceedings for August, 1908. 


Wednesday, October 21st, 1908.—8.30 M.—At this meeting 
paper Van Cleve, Am. Soe. E., entitled “The Hydro- 
Electric Development and Transmission Lines The Canadian 
Niagara Power Company,” will presented for discussion. 

This paper was printed Proceedings for August, 1908. 


Wednesday, November 4th, 1908.—8.30 M.—Ballots for mem- 
bership will canvassed, and paper entitled “Forests and Reservoirs 
Their Relation Stream Flow with Particular Reference Navi- 
gable Rivers,” Chittenden, Am. Soc. E., will 
presented for discussion. 

This paper printed this number Proceedings. 


LETTER FROM FOREST SERVICE, DEPARTMENT AGRI- 
CULTURE, PUBLISHED HERE REQUEST FOR THE 
INFORMATION MEMBERS. THOSE INTERESTED 
SHOULD ADDRESS MR. GIFFORD PINCHOT, 
FORESTER, WASHINGTON, 


States DEPARTMENT AGRICULTURE 
“Forest SERVICE 
“OFFICE THE FORESTER 
27, 1908. 
“Dear Sir: 

“The National Conservation Commission appointed the Presi- 
dent result the Conference the Governors held last May has 
asked the Forest Service furnish information regarding our forest 
resources and their relation other natural resources. One the 
most important subjects this connection the relation forests 
the water supply all its phases—irrigation, water power, navigation, 
and the supply for towns and cities. The Forest Service planning 
take detailed study this problem co-operation with the 
Weather Bureau, the Reclamation Service, and the Geological Survey. 
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order, however, secure immediate information for the Com- 
mission and supplement the field work the Forest Service, which 
will necessarily confined somewhat limited areas, the following 
questions are being asked competent observers throughout the 
United States who are known interested the problems which 
concern our national welfare: 

Have any instances come under your notice where the removal 
the forest cover from certain watershed has had any definite 
effect upon the flow the streams which take their rise there, and 
so, what extent? give the dates, nearly possible, the 
exact location the watershed, and describe, nearly you can, 
the topography, the rock, the soil, and the kind forest removed. 

Have you observed any relation between the condition water- 
sheds and the silting rivers, ponds, and 

“3. you know any specific instances where the destruction 
the forest cover upon watersheds which furnish water for the use 
towns cities can held responsible for the breaking out 

“4. you know any cases where springs have dried 
after destruction the forest cover, where they have returned 
with its restoration? Please give the dates, nearly possible, the 
exact location the spring, and describe the topography, the rock, the 
soil, and the character the forest which was removed which has 
sprung again. 

“5. you know any instances where artesian wells have dried 
up, where they have begun flow again? Can any connection 
traced between this and the condition the catchment basin? Give 
the dates nearly possible, the location the catchment basin, and 
the topography, rock, soil, and the general forest conditions. 

“6. Can you suggest the names any persons who would 
position give additional 

“Any information which you can give along these lines will 
greatly appreciated both the Conservation Commission and the 
Forest Service. early reply possible desired order that 
the material may used the Commission its report November 

“Very truly yours, 
“W. Cox, 
“Assistant Forester.” 


PAPERS AND DISCUSSIONS 


future, all papers accepted the Publication Committee will 
classified the Committee with respect their availability for 
diseussion meetings. 

Papers, which, from their general nature, appear charac- 
ter suitable for oral discussion will published heretofore 
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Proceedings, and set down for presentation future meeting the 
Society, and, these, oral discussion, well written communica- 
tions, will solicited. 

All papers which not come under this heading, that say, 
those which, from their mathematical technical nature, the 
opinion the Committee, are not adapted oral discussion, will not 
scheduled for presentation any meeting. Such papers will 
published Proceedings the same manner those which are 
presented meetings, but written discussions, only, will re- 
quested for subsequent publication Proceedings and with the paper 
the volumes Transactions. 


PRIVILEGES ENGINEERING SOCIETIES 
EXTENDED MEMBERS THE 
AMERICAN SOCIETY CIVIL ENGINEERS 


Members the American Society Civil Engineers will wel- 
comed the following Engineering Societies, both the use their 
Reading Rooms and all Meetings: 

American Institute Mining Engineers, West Thirty-ninth 

Street, New York City. 
dos Engenheiros Civis Portuguezes, Lisben, Portugal. 
Australasian Institute Mining Engineers, Melbourne, Victoria, 
Australia. 
Boston Society Civil Engineers, 715 Tremont Temple, Boston, 
Mass. 

Brooklyn Engineers’ Club, 197 Montague Street, Brooklyn, 

Canadian Society Civil Engineers, 877 Dorchester Street, Mon- 

treal, Que., Canada. 

Civil Engineers’ Club Cleveland, 718 Caxton Building, Cleveland, 

Ohio. 

Civil Engineers’ Society St. Paul, St. Paul, Minn. 

Cleveland Institute Engineers, Middlesbrough, England. 

Engineers’ and Architects’ Club Louisville, Ky., 303 Norton 

Building, Fourth and Jefferson Streets, Louisville, Ky. 

Engineers’ Club Baltimore, Baltimore, Md. 

Engineers’ Club Central Pennsylvania, Corner Second and 

Walnut Streets, Harrisburg, Pa. 

Engineers’ Club Philadelphia, 1317 Spruce Street, Philadelphia,Pa. 

Enginee:s’ Club St. Louis, 3817 Olive Street, St. Louis, Mo. 

Engineers’ Society Western Pennsylvania, 803 Fulton Building, 

Pittsburg, Pa. 
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Institute Marine Engineers, Romford Road, Stratford, Lon- 
don, E., England. 


Institution Engineers the River Plate, Buenos Aires, Ar- 
gentine Republic. 

Institution Naval Architects, 
C., England. 

Junior Institution Engineers, Victoria Street, Westminster, 
W., London, England. 

Koninklijk Instituut van Ingenieurs, The Hague, The Netherlands. 


Louisiana Engineering Society, 604 Tulane-Newcomb Building, 
New Orleans, La. 


Memphis Engineering Society, Memphis, Tenn. 

Midland Institute Mining, Civil and Mechanical Engineers, 
Sheffield, England. 

Montana Society Engineers, Butte, Montana. 

North England Institute Mining and Mechanical Engineers, 
Newcastle-upon-Tyne, England. 

Oesterreichischer Ingenieur- und Architekten-Verein, Eschen- 
bachgasse Vienna, Austria. 

Pacific Northwest Society Engineers, 617-618 Pioneer Building, 
Seattle, Wash. 

Rochester Engineering Society, Rochester, 

Sachsischer Architekten-Verein, Dresden, Ger- 
many. 

Sociedad Colombiana Ingenieros, Bogota, Colombia. 


Societe des Ingenieurs Civils France, Rue Blanche, Paris, 
France. 


Society Engineers, Victoria Street, Westminster, W., 
England. 


Terrace, London, 


Svenska Teknologforeningen, Brunkebergstorg 18, Stockholm, 
Sweden. 

Tekniske Forening, Vestre Boulevard Copenhagen, Denmark. 

Western Society Engineers, 1737 Monadnock Block, Chicago, 


SEARCHES THE LIBRARY 


January, 1902, the Secretary was authorized make searches 
the Library, upon request, and charge therefor the actual cost 
the Society for the extra work required. Since that time many searches 
have been made, and bibliographies and other information special 
subjects furnished. 

The resulting the members who have made use 
the resources the Society this manner, has been expressed fre- 
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quently, and leaves little doubt that, were generally known the 
membership that such work would undertaken, many would avail 
themselves it. 

The cost trifling compared with the value the time en- 
gineer who looks such matters himself, and the work can per- 
formed quite well, and much more quickly, persons familiar with 
the Library. 

asking that such work undertaken members should specify 
clearly the subject covered, and whether references general 
books only are desired, whether complete bibliography, involving 
search through periodical literature, desired. 

reference this work the Appendix* the Annual Report 
the Board Direction for the year ending December 1906, con- 
tains summary all searches made that date. 


*Proceedings, Vol. XXXIII, (January, 1907). 
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ACCESSIONS THE LIBRARY 
DONATIONS* 


(From August September 8th, 1908) 
DEVELOPMENT THE LOCOMOTIVE ENGINE. 


Angus Sinclair. Leather, in., illus., 680 pp. New York, 
Angus Sinclair Publishing Company, 1908. $5.00. 


the title-page this book stated that contains ‘‘a history 
growth the locomotive from its most elementary form, showing the gradual 
steps made toward the developed The author includes much that relates 
railway development generally and many personal sketches engineers and 
inventors who had with the process evolution the locomotive engine. 
Much the material contained the book had been previously published 
Railway and Locomotive Engineering, but has been revised and enlarged 
appear its present form. The Contents are: Origin and Growth the Steam 
Engine; Early Attempts Locomotive Construction; Development Locomotives 
Great Britain; Genesis American Railways; Connecting the Ocean with 
Western Rivers; First Links the Pennsylvania Railroad; The Philadelphia 
Columbia Railroad; How the United States Worked into Locomotive 
Triumphs Baldwin; Sellers and Other Philadelphia Pioneers; First Links the 
New York Central Railroad; First Railroad Construction New England; Loco- 
motive Building New England; Work New England Pioneer Master 
Locomotive Building New Jersey; The Erie Railroad; Reading’s Mark the Lo- 
comotive; The Lackawanna Railroad; The Lehigh Valley Railroad and Its Motive 
Power; Demand for Multi-Coupled Engines; Railroads Westward Ho!; Locomotive 
Boilers; Smoke-Preventing Appliances; Spark Arresters and Draft Appliances; 
Development Valves and Valve Motion; Freaks and Curiosities Locomotive 
Designs; Growth the Train Brake; Special Forms Locomotives; Locomotive 
Accessories Locomotive Works Still Business; Railway Development Canada; 
The Locomotive To-Day. There index seven pages. 


STAHL UND EISEN: 


Gesamt-Inhaltsverzeichnis der bis (1881-1906). 
Auftrage des Vereins Deutscher Bearbeitet von 
Franz Liebetanz. Half Morocco, in., 370 pp. 
dorf, Stahleisen, M.B.H., 1908. 


The Contents are: Allgemeiner Teil; Wirtschaftlicher Teil; Technischer Teil, 
Brennstoffe, Feuerungen, Feuerfestes Material, Schlacken, Erze; Technischer 
Teil, Werksanlagen, Roheisenerzeugung, Erzeugung des schmiedbaren 
Technischer Teil, III: Giessereiwesen, Verarbeitung des schmiedbaren 
Technischer Teil IV: des Legierungen und Verbindungen, 
Materialpriifung, Metallhiittenwesen, Elektrotechnik; Anhang: Naturwissenschaft- 
liches, Bauwerke, Mechanik, Sprengstoffe, Thermochemie; Verzeichnis der den 


1881-1906 enthaltenen Tafeln, chronologisch geordnet; 
zeichnis, 


THE AIR AND VENTILATION SUBWAYS. 


244 pp. New York, John Wiley Sons; London, Chapman 
Hall, Limited, 1908. $2.50. 


This book contains, general way, description investigation the 
effects subway conditions public health. stated that the work the 
result studies carried for two and one-half years for the Interborough Rapid 
Transit Company, New York City. Some the subject-matter has appeared 
the official pubiications the Rapid Transit Commissioners, has been read 
before various scientific societies the author. The description the investiga- 
tion has been prefaced, this book, discussions the composition good and 
bad air and various methods ventilating subways and other enclosed spaces. 


otherwise specified, books this list have been donated the pub- 
isher. 
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The Contents are: Subways and the Public Health; Characteristics Good and 
Bad Air; Methods Ventilating Subways; The Air European Subways; The 


Air the New York Subway; Health New York Subway Employees. There 
index fourteen pages. 


ROAD PRESERVATION AND DUST PREVENTION. 


illus., 146 pp. New York, The Engineering News Publishing 
London, Archibald Constable Co., Ltd., 1908. $1.50. 


With the increased use automobiles, the problems road building, the 
preservation the surfaces existing roads, and the prevention dust such 
roads have become important questions for engineers. The new roads must 
better built than formerly, and existing roads must better bonded and surfaced, 
and these results must obtained without increased cost. This book contains 
compilation experiments made and work done road builders with view 
the solution these problems. The subject-matter has been compiled from various 
sources, including the observations and results obtained the writer his own 
work. Each chapter contains description, the methods used both the United 
States and Europe, together with results and comparative costs the particular 
subject discussed. The Contents are: Road Dust—Its Control and Prevention: 
Moisture; Oil Emulsions; Oils; Coal-Tar Preparations; Tar-Spraying Machines; 


Rock-Asphalt Macadam; Bitulithic Pavement. There index 
nine pages. 


TELEPHONE CONSTRUCTION—METHODS AND COST. 


Clarence Mayer. Appendix Cost Materials and Labor 
Constructing Telephone Line, Slippy; Appendix Miscel- 
laneous Cost Data Pole-Line and Underground Conduit Construc- 
tion, Compiled the Editors Cloth, 


illus., 284 pp. Chicago and New York, The 
Myron Clark Publishing Co., 1908. $3.00 net. 


stated that the purpose this book explain the most approved 
method doing telephone work, give costs all its details and 
present simple, practical system for collecting, analyzing and recording tele- 
phone costs. The author was formerly Cost Statistician and Facilities Engineer 
the Chicago Telephone Company, consequently the costs given have been averaged 
from actual costs records kept hundreds jobs trained men using uni- 
form system. The book opens with introduction, showing the advantages 
cost records telephone companies and contractors for telephone work. Chapter 
the method and cost pole-line construction, for which costs are given for 
each size and style cross-arm, wire, etc., for each size pole set each kind 
soil, with tables giving costs teaming, framing, excavating, setting and super- 
vision. This classification and carried throughout every chapter the 
book and for every division telephone work. The second chapter gives detailed 
costs for both underground and aerial cable construction. Chapter III, costs for 
almost every kind cable splice are given; this followed discussion 
the methods and costs removing and reconstructing old lines. Chapter 
the costs conduit work are averaged from actual costs more than 250 000 
underground main conduit and laterals, and more than 550 vaults. The 
author also includes the cost conduit work every kind soil, the costs 
each number duct and each class street, with costs teaming, excavating, 
Detailed costs installing one the largest multiple duct conduits ever 
built are given Chapter VI. Chapter VII, the author explains the 
using the costs making estimates taking job large size and 
out the, estimate detail, with clear explanations each step. The costs 
labor and materials given Appendix have been collected from actual records 
various telephone companies. Appendix data will found relating 
methods and costs individual jobs pole-line and underground conduit work. 
The Contents are: Methods and Cost Pole-Line Construction; Methods and Cost 
Cable Construction; Methods and Cost Cable Splicing; Methods and Cost 
Removing Old Line and Reconstruction; Methods and Cost Constructing 
Underground Conduit; Detailed Cost Constructing 824 862 Duct Feet Under- 
ground Conduit and 318 Vaults One Job; Miscellaneous Costs and Special Data: 
The Practice Estimating; Appendix Cost Materials and Labor Construct- 
ing Telephone Line; Appendix Miscellaneous Cost Data Pole-Line and 
Underground Conduit Construction. There index two pages. 
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LEVEL BOOK, CLASS I-A. 


For Students Engineering Schools and Surveyors Public 
Works Department. Chiranji Lal. Revised Edition. 
in., pp. Lahore, 1907. (Donated the Author.) 


This book intended the author aid the 

gineering student and 
surveyor all kinds levelling and surveying. 


ordinary surveying line 
and the latter for taking levels along line, with many details surveys. 


There are two tables which are preceded explanation: Table showing 
lengths bounding tangents, and Table showing lengths curves and dis- 
tance middle point curve from apex the intersection the bounding tan- 
gents, the assumed radius being 100 ft. each table. The author states that 
these tables will enable the surveyor calculate lengths curves, tangents, etc., 
and this calculation the field. Two specimen pages the level book are 
given, showing how record readings the various columns according the 
requirements. stated that Specimen (a) will enable the surveyor take 
readings every 500 ft. the reduced distances, thus dispensing with the practice 
levelling over the line second time. intended for use laying out roads, 
canal water courses, etc. Much that new has been added the present edition, 
and the author states that the tables will for ordinary practice and that the 


formulas contained the explanation the tables will enable the student deal 
with all ordinary extraordinary cases. 


RAILWAY TRACK AND TRACK WORK. 


Russell Tratman, Assoc. Am. Soc. Third 
Edition, Revised. Cloth, in., 520 pp. New York, 


The Engineering News Publishing Co.; London, Archibald Constable 
Co., Limited, 1908. $3.50 net. 


The first edition this work was published 1897. second revised edition 
was issued 1901, which succeeded the present volume. stated that 
this work has been entirely rewritten, much the older material having been omitted 
and new material and illustrations added, especially regard modern 
developments methods and materials. the present book the author has 
included the general principles underlying track design and maintenance and 
systems practice, together with descriptions equipment, material, 
appliances and methods representing actual practice individual railways and 
various sections the United States. appendix given presenting statistics 
the details standard track construction large number rail- 
ways. There index thirteen pages and separate indices railways, the prac- 
tice which mentioned, and engineers, inventors and authorities mentioned and 
quoted. The Contents are: Part Track: Introduction; Roadbed Construction 
Ballast; Ties and Tie-Plates; Rails; Rail Fastenings and Rail Joints; Switches, 
Frogs and Switchstands; Fences and Cattleguards; Grade Crossings; Bridge and 
Trestle Floors; Track Signs; Track Accessories; Sidings, Yards and Terminals; 
Track Tools and Supplies; Signals and Interlocking; Electric Railways. Part II, 
Track Work: Organizaticn the Maintenance-of-Way Department; 
Ballasting and Renewing Rails; Drainage and Ditching; Track Work for Main- 
tenance; Gage, Grades and Curves; Track Inspection and the Premium System 
Switch Work and Turnouts; Bridge Work and Telegraph Work; Permanent Im- 
provements; Handling and Clearing Snow; Wrecking Trains and Operations; 


Records, Reports and Accounts; Appendix: Review and Statistics Standard 
Track Construction American Railways. 


COAST EROSION AND FORESHORE PROTECTION. 


John Owens and Gerald Case. Cloth, illus., 
144 pp. London, The St. Bride’s Press, Ltd., 1908. $3.00. 


The problem protecting the coasts Great Britain from attacks the sea 
has become such importance that Royal Commission 
pointed report some comprehensive scheme for shore protection. 
state that, this book, they have given popular rather than scientific account 
the forces and agencies acting the coast and tending cause erosion, together 
with short account the principles foreshore protection and descriptions 
various methods defense already use. Much the subject-matter has appeared 
the form papers read before various scientific societies and articles published 
the Engineering Review and the Surveyor. The Contents are: Forces Acting 
Coast and Sea Bed; Transporting Power Running Water; Movement 
Materials Composing the Foreshore and Sea Bed; Causes Coast Erosion; Protec- 
tion Works: Materials Construction; Protection Means Groynes; Groynes, 
Methods Construction; Sea Walls, Passive Defences; Sea Walls and Breast- 
works Methods Construction; Sand Dunes. There index four pages. 
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MECHANICS ENGINEERING. 


Comprising Statics and Kinetics Solids; The Mechanics the 
Materials Construction, Strength and Elasticity Beams, 
Columns, Shafts, Arches, and the Principles Hydraulics and 
Pneumatics, with Applications. For Use Technical Schools. 
Irving Church, Assoc. Am. Soc. Revised Edition, Partly Re- 


written. 9x6 in., illus., 854 pp. New York, John Wiley 
Sons; London, Chapman Hall, Limited, 1908. $6.00. 


treatment the subject Applied Mechanics which presents the quantities 
concrete form possible and yet shows the derivation formulas from 
principles, and the same time illustrates and lays stress correct numerical 
substitution and the consistent and proper use units measurement, the treat- 
ment necessary the engineering student stated the title this book in- 
tended for use technical schools, but before using it, the student supposed 
have had the usual training analytical geometry, the differential and integral 
calculus, and year physics taught college. The book divided into two 
subjects, namely, Mechanics Solids and Mechanics Fluids. Each subject 
divided into parts, and each part into chapters. this revised edition several new 
chapters have been added, some have been combined form one chapter, and many 
pages have been entirely rewritten. Parts and II, Statics and Kinetics, respect- 
ively, numerous additional examples and illustrations are introduced. Part III, 
Strength Materials, Chapter Flexure Reinforced Concrete Beams new 
and presents both theory and numerical illustration, with diagrams aid prac- 
tical designing. Chapters and VI, beams under oblique forces and 
columns, respectively, have been merged one chapter, Chapter VI. This 
chapter has been added introducing the more modern formulas for columns 
and the problem eccentric loading. Chapter XI, Arch Ribs, 
new matter will found analytical treatment Circular Ribs and Hoops. 
Chapter XII the Flexure Beams treated geometrical method and leading 
simple form the Theorem Three Moments, and Chapter XIII, which gives 
the analysis stresses thick hollow cylinders and spheres, are entirely new. 
Part IV, Hydraulics, new matter has been added relating the differential mano- 
meter, gas and oil engines, the Cippolletti weirs, losses heads pipes and bends, 
etc. the Appendix will found tables logarithms, trigonometric functions 
and hyperbolic curves and cosines. The Contents are: Mechanics Solids: Pre- 
liminary Chapter; Part Statics; Statics Material Point; Parallel Forces and 
the Centre Gravity; Statics Rigid Body; Statics Flexible Cords. Part II, 
Kinetics: Rectilinear Motion Material Point; Virtual Velocities; Curvilinear 
Motion Material Point; Moment Inertia; Kinetics Rigid Body; Work, 
Energy, and Power; Friction. Part III, Strength Materials (or Mechanics 
Materials): Stresses and Strains; Torsion; Flexure Homogeneous 
Prisms Under Perpendicular Forces One Plane; Flexure (Continued) Flexure 
Reinforced Concrete Beams; Flexure, Columns and Hooks, Oblique Loads; Linear 
Arches (of Blockwork) Elements Graphical Statics; Graphical Statics Ver- 
tical Forces; Right Arches Masonry; Arch-Ribs; Flexure Beams, Simple and 
Continuous, Geometrical Thick Hollow Cylinders and Spheres; Part IV, 
Hydraulics (or “Mechanics Definitions, Fluid Pressure, Hydrostatics 
Begun; Hydrostatics Continued, Pressure Liquids Tanks and 
Earth Pressure and Retaining Welis; Hydrostratics Continued, Immersion and 
Flotation; Gaseous Fluids; Hydrokinetics Begun, Steady Flow Liquids Through 
Pipes and Orifices; Steady Flow Water Open Channels; Kinetics Gaseous 
Fluids; Impulse and Resistance Fluids; Appendix: Miscellaneous Addenda and 
Tables. There are separate indices for each subject. 


Gifts have also been received from the following: 


Aachen Kgl. Technische Hochschule. Cambrian Rys. Co. pam. 
vol. Carter, vol., pam. 
Alexandra (Newport South Wales) Central London Ry. Co. pam. 
Docks Ry. pam. Central Georgia Ry. Co. pam. 


Alvord, pam. Charing Cross, Euston Hampstead 
Am. Electrochemical Soc. vol. Co. pam. 


Associazione Elettrotecnica Italiana. Cleveland, Ohio—Dept. Public Serv- 


pam. ice, Water-Works Div. vol. 
Baker St. Waterloo Ry. Co. pam. Clinton, Mass.—Board Water Commrs. 
Belzner, Theodore. pam. pam. 
Boston, Mass.—City Auditor. bound Exper. Station. pam. 
vol. Colo. Scientific Soc. pam. 
Buffalo, Rochester Pittsburgh Ry. Co. Mines, Eng. 


pam. and Chemistry. vol. 
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Concord, Mass.—Water Dept. pam. 

Eng. Assoc. the South. vol. 

Eng. News Pub. Co. bound vol., 
pam. 

Furness Ry. Co. pam. 

Preussischer Ministerium 
der Offentlichen Arbeiten. vol. 

Great Eastern Ry. Co. pam. 

Great Northern City Ry. Co. pam. 

Great Northern, Piccadilly Brompton 
Ry. Co. pam. 

Ry. Co. (Ireland). 


vol. 

Holgate, Henry. bound vol. 

Holyoke, Mass. Board Water 
Commrs. pam. 

Hull Barnsley Ry. Co. pam. 

and Warehouse Comm. 
bound vol., pam. 

Geol. Survey. pam. 

Illinois—State Water Survey. bound 
vol., pam. 

Imperial Univ. Tokyo. vol. 

India—Ry. Board. pam. 

Inst. Marine Engrs. bound vol. 

Inst. Civ. Engrs. bound vol. 

Inst. Civ. Engrs. Ireland. pam. 

Iowa Eng. Soc. vol. 

Iron and Steel Inst. bound vol., 


vol. 

Jacksonville, Fla.—Board Trustees for 
the Waterworks and Improvement 
Bonds. pam. 

Lewiston, Me.—Water Board. 

Liverpool Overhead Ry. Co. 

London, South Coast Ry. Co. 


pam. 

Lynn, Messenger. bound 


vol. 

McGill Univ. bound vol. 

Marlborough, Mass.—Board Water 
Commrs. pam. 

Mass. Inst. Tech. vol 

Merchants’ Assoc. New York. pam. 

Met. Ry. Co. pam. 

Michigan Technic. vol. 

Midland South Western Junction Ry. 
Co. pam. 

Midland Ry. Co. pam. 
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National Board Fire Underwriters. 


am. 
New Survey. bound vol. 
New Wales—Bureau Statistics. 


New Wales—Met. Board Water 
Supply and Sewerage. 

New York City—Board 
bound vol. 

New York City Record. bound vol. 

North London Ry. Co. pam. 

North Staffordshire Co. pam. 

Pennsylvania—State Commr. Health. 
bound vol. 

Pennsylvania State Coll. vol. 

Port Talbot Ry. Docks Co. pam. 

Reading, Mass.—Water Dept. pam. 

Reading, Dept. vol. 

Rhymney Ry. Co. pam. 

Royal Soc. Canada. bound vol. 

Rust, bound vol. 

Sacramento, Cai. Engr. pam. 

Schussler, vol. 

South Eastern Ry. Co. pam. 

Hydrome- 
trisches Bureau. vol. 

Taff Vale Ry. Co. pam. 

Tasmanian Govt. Rys. pam. 

Transvaal—Rand Water Board. pam. 

S.—Bureau Education. pam. 

bound vol. 


Survey Office. pam. 

vol., pam. 

bound vol. 


Wagoner, Luther. bound vol. 

Webster, Mass.—Water Dept. pam. 

Western Ry. Club. bound vol. 

Western Soc. Engrs. pam. 

Wisconsin—Geol. and Natural History 
Survey. bound vol. 

Wisconsin—R. Comm. bound vol. 


PURCHASE 


Quarterly Bulletin the Committee Special Hazards and Fire 
Record the National Fire Protection Association, Hartford, Conn., 


Nos. 1-2 and 5-13, inclusive. 


Gold and Silver. Walter Crane. New York, John Wiley 
Sons; London, Chapman Hall, Limited, 1908. 


High Speed Dynamo Electric Machinery. Hobart and 
Ellis. New York, John Wiley Sons; London, Chapman Hall, 


Limited, 1908. 
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Vortrage uber Eisenbahnbau. Von Dr. Winkler. Drittes Heft. 
Schiebebiihnen und Drehscheiben. Von Dr. Zweite ver- 
besserte Auflage. Prag, Dominicus, 1876. 


Grundzuge der mechanischen Abwasserklarung. Von Rudolf 
Schmeitzner. Leipzig, Wilhelm Engelmann, 1908. 


Mittheilungen der Anstalt zur Prufung von Baumaterialien eidg. 
Polytechnikum Zurich. Heft: Methoden und Resultate der Priifung 
von Eisen und und anderer Metalle. Zusammengestellt von 
Tetmajer. Meyer Zeller, 1886. 


Moody’s Manual Railroads and Corporation Securities, 1908. 
New York, Moody Manual Co., 1908. 


SUMMARY ACCESSIONS 
From August September 8th, 1908 


Donations (including 287 
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Affairs. MEMBERSHIP—ADDITIONS 


MEMBERSHIP 
ADDITIONS 
(August 6th September 8th, 1908.) 
CHENEY, NEAL. Engr. Chg., Calf 
Pasture Station, Boston Consol. Gas 
212 Savin Hill Ave., Dorchester, 
Jun 


Forp, WILLIAM Civ. and Cons. Engr., 
1024 Arcade Bldg., Philadelphia, 


KNOWLTON, THEODORE Engr. and Contr., 

PARKER, WILLIAM Chf. Engr., 

Blodgett Constr. Co., 1013 

Bldg., Kansas City, Mo............... 
CHRISTIAN. Care, Bank 

Lewis Contr. Mgr., Lewis 


Santiago, Chili 


THOMAS, JUAN. Care, Bank Chili, 


ASSOCIATE MEMBERS. 
Brown, Barge Canal Office, Albany, Y......... 
GEORGE RICHARDSON. 355 West Boulevard, Detroit, 
HARRINGTON, ALLAN COLLINS. Cons. Engr., 518 Illinois 
Kemp, JoHN 701 Prospect St., 
Pratt, St. Nicholas Pl., New York 


SPENCER, HERBERT. Res. State Jun. 


JUNIORS. 


Asst. Engr., Board Water 
Supply, 299 Broadway, New York City............. 
CocHRAN, JEROME. Care, The John Stetson Univ., 


383 
Date 

Membership. 
Feb. 1907 
Sept. 1908 
1908 
Nov. 1895 
June 1903 
Sept. 1908 
1908 
Mar. 31, 1896 
May 1902 
Sept. 1908 
1904 
Sept. 1908 
1908 
Mar. 1902 
Sept. 1908 
Mar. 1900 
Jan. 1908 
April 1908 
1908 
Oct. 1907 
April 1908 
1908 
April 1908 
Feb. 1904 
Mar. 1908 
Sept. 1908 
Sept. 1908 
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JUNIORS (Continued). Date 


Membership. 

Burns. Engr. and Contr. (Easton 
Gross, CHARLES South Bethlehem, Pa........... Sept. 1908 
SMITH, Grand Ledge, Mich.............. Sept. 1908 


CHANGES ADDRESS. 
MEMBERS. 


ADGATE, GEORGE. 507 Rookery Chicago, IIl. 

WILLIAM ANDERSON. The Madison Hotel, Omaha, Nebr. 

BALDWIN, THOMAS WILLIAMS. Clarkson St., Dorchester, Mass. 

CHESTER. Box 41, Prescott, Ariz. 

Brown, Linus Box 617, Monrovia, Cal. 

Pres. and Treas., Worcester Mfrs. Mutual Insur- 
ance Co., Institute Rd., Worcester, Mass. 

Engr. Office, Seattle, Wash. 

ALBERT Lapp. Cons. and Inspecting Engr, and Iron and Steel Metal- 
lurgist, South Bethlehem, Pa. 

Cons. Engr. (Cooper Powelson), Wall St., 
New York City. 

WALTER LINSLEY. Cons. Engr.; Secy., Holman Ry. Track- 
layer Co., 1717 Railway Exchange, Chicago, 

CUNNINGHAM, JOSEPH Chf. Engr., Gordan Falls Elec. Mfg. Co., 
210 Commercial Club Bldg., Portland, Ore. 

Epwin, Jr. 1314 Humboldt Bank Bldg., San Francisco, Cal. 

JoHN Div. Engr., Charles River Basin Comm., Bridge 
St., East Cambridge, Mass. 

Harris, VAN ALEN. Box 71, San Juan, Porto Rico. 

Pres., The United Eng. Contr. Co., and Manag- 
ing Director, Cuban Eng. Contr. Co., East 33d St., New York 
City. 

Iowa City, Iowa. 

JoHN 5353 Minerva Ave., St. Louis, Mo. 

413 Central Blk., Pueblo, Colo. 

Kutz, CHARLES Maj., Corps Engrs., A., Engr. 
Office, Burke Bldg., Seattle, Wash. 

LeBaron, Francis. Chf. Engr., Sumas Development Co., Ltd., Van- 
couver, C., Canada. 

LEISEN, THEODORE Chf. Engr. and Supt., Louisville Water Co., 549 
Third St., Louisville, Ky. 

Lucas, WILLETT Court. Care, Hugh MacRae Co., Southern 
Bldg., Wilmington, 

ELMER JAMES. Prof. Civ. Eng., Univ. Wash., 5043 
Fifteenth Ave., E., Seattle, Wash. 


{ 
| 
| 


Affairs. 


MEMBERSHIP—CHANGES ADDRESS 385 


MEMBERS (Continued). 

ALBERT. Prof. Topographic and Geodetic Eng., Coll. 
Civ. Eng., Cornell Univ., Ithaca, 

Cons., Hydr. and Constr. Engr., Alta Club, Salt 
Lake City, Utah. 

PARKER, MAURICE STILES. Cons. Engr., Baxter Springs, Kans. 

WILLIAM VAUGHAN. Ridge, St. Mary’s Co., Md. 

HERBERT LEROY. 511 Eighth St., Brooklyn, 

SHELBY Asst. Prof. Railway Civ. Eng., Univ. 
Illinois, 1018 Nevada St., Urbana, 

HENRY. Cons. Engr., Wright Bldg. (Res., 5646 Cates Ave.), St. 
Louis, Mo. 

RUSSELL, Bent. 501 Liggett Bldg., St. Louis, Mo. 

SANBORN, FRANK Berry. Univ. Illinois, Urbana, IIl. 

SLEEPER, GEORGE South 17th St., East Orange, 

326 Garden St., Hot Springs, Ark. 

SWINBURNE, GEORGE Way. Whittlesey Ave., East Orange, 

ERNEST FREDERICK. Engr., Reclamation Service, St. Ignatius, 
Mont. 

WALLACE, ULMER. 732 Pine St., Michigan City, Ind. 

WHEELER, DANIEL State Railroad Insp., 230 Forest Park Ave., 
Springfield, Mass. 

JoHN Civ. and Hydr. Engr., Chamber Commerce Bldg., 
Portland, Ore. 

ASSOCIATE MEMBERS. 


ARMSTRONG, CHARLES JOHNSTONE. Dist. Engr., Central South African Rys., 
Bloemfontein, Colony, South Africa. 

ASA WHITE KENNEY. Apartado 883, Havana, Cuba. 

THOMAS JOHNSTONE. Tientsin-Pukou Ry., Nanking, China. 

JoHN Room 32, Union Station, Albany, 

LOWELL Epwin. Mt. Vernon, Iowa. 

CREELMAN, CHARLES LAUDER. 1834 Riverside Ave., Spokane, Wash. 

Henry Office, Westinghouse, Church, Kerr Co., 
Bridge St., New York City. (Res., 349 Clinton St., Brooklyn, Y.) 

DupLEY, CHARLES TARBELL. Champlin Ave., Liberty, 

EHLE, Boyp. Care, White Co., Buhl, Idaho. 

Foca, Reclamation Service, Rupert, Idaho. 

Harry Lewis. With Duryea, Haehl Gilman, Civ. and Min. Engrs., 
1314 Humboldt Bank Bldg., San Francisco, Cal. 

Hotel Overlook, Annisquam, Mass. 

HERMANNS, Epwarp. Senior Asst. Engr., Tientsin-Pukow Line, 
Chinese Imperial Railways, Nanking, China. 

CHARLES 1541 Park Ave., Philadelphia, Pa. 

Div. Engr., Aqueduct Comm., Pleasantville Station, 
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ASSOCIATE MEMBERS (Continued). 


Hoop, Jr. Engr. Way, United Rys. Elec. Co. Balti- 
more, 1008 Continental Trust Bldg. (Res., 1118 Calvert St.), Balti- 
more, Md. 

Hunt, Centre St., New York City. 

JANSEN, Epwarp CLINTON. Care, Central Colorado Power Co., 324 Hager- 
man Bldg., Colorado Springs, Colo. 

KILLAM, CHARLES WILSON. Instr. Architecture and Eng., Harvard Univ., 
Walker St., Cambridge, Mass. 

Avery. Res. Engr., Office Highway Plans, Lyon Blk., 
Albany, 

LINNELL, HERBERT Chf. Engr., Atlantic, Gulf Pacific Co., 
Manila, Philippine Islands. 

Macy, ELBERT Care, Stone Webster Eng. Corp., Helena, Mont. 

Grande, Cuba. 

Post, CHESTER Care, Condron Sinks Co., 1442 Monadnock Bldg., 
Chicago, 

Guy North 9th St., Columbus, Ohio. 

RICHARDSON, CLINTON (Richardson-Wey Eng. Co., Civ. and Hydr. 
Engrs.), 1131 Candler Bldg., Atlanta, Ga. 

Sawyer, Secy.-Treas., Northwestern Eng. Corporation, 410 
Lindelle Blk., Spokane, Wash. 

JOHN CoRNELIOUS. 209 Adams St., Room 56, Chicago, 

Contr. Mgr., Am. Bridge Co. Y., 141 
Milk St., Boston, Mass. 

STUBBLEFIELD, GARFIELD. (Whistler Stubblefield, Civ. and Hydr. 
Chamber Commerce Bldg., Portland, Ore. 

Care, Oriental Consolidated Min. Co., Townsend Co., 
Chemulpo, Corea. 

Roy 1544 Blake St., Denver, Colo. 

MICHAEL. 130 West St., New York City. 

ABRAHAM UNDERHILL. Asst. Engr., Board Water Supply, New 
York City, Riverhead, 

ASSOCIATES. 

Lee, Asst. Bridge Engr., The Osborn Eng. Co., Bellfield 
Ave., Cleveland, Ohio. 

McBurney, Henry. 324 Main St., West Haven, Conn. 


SHERMAN MarsH. Prof. Civ. Eng., Clarkson School Tech., 


JUNIORS. 


LEONARD ALEXANDER. 1512 Steele St., Denver, Colo. 
BENTON, 540 West 159th St., New York City. 
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JUNIORS (Continued). 
BURPEE, GEORGE WILLIAM. Houlton, Me. 
CAMPBELL, 519 Monadnock, San Francisco, Cal. 
DANN, ALEXANDER WILLIAM. 116 Broadway, Greenville, Miss. 
DERLETH, WALTER Engr. with Ryan, Contr., 723 Third Ave., 
Brooklyn (Res., 264 West 139th St., New York City), 
DIMMLER, CHARLES 2120 Kittredge St., Berkeley, Cal. 
WILLIARD LaFayette, Minn. 
GARVIN, CHESTER. Engr. Office, Savannah, Ga. 
HAND, 112 West 123d St., New York City. 
REGINALD TRUMAN. Engr., Freeman Co., Glendive, Mont. 
JONES, GEORGE Vidalia, Toombs Co., Ga. 
EDWIN BENJAMIN. Asst. Engr., Care, Panama R., Cristobal, 
Canal Zone, Panama. 
LONGLEY, FRANCIS FIELDING. 2728 Pennsylvania Ave., Washington, 
NELSON, JABEZ 304 Madison Court, Toledo, Ohio. 


Irvin. Asst. Engr., Monterey County Water Works, 588 
Pine Ave., Pacific Grove, Cal. 


Rice. 618 Chapel St., Schenectady, 


Epwarp Structural Engr., with John Leonard, 918 Fifth St., 
Chico, Cal. 


WEIDNER, CARL 142 Parade Ave., Buffalo, 
ALBERT Civ. Eng. Dept., Armour Inst. Tech., Chicago, 


RESIGNATIONS. 
ASSOCIATE MEMBER. Date 
Resignation. 
ASSOCIATE. 
DEATHS. 


BECKLER, ELBRIDGE Elected Member, April 6th, 1892; died Septem- 
ber 3d, 1908. 

RicHARD Elected Associate Member, October 5th, 1904; 
Member, March 5th, 1907; died July 28th, 1908. 

VAUGHN, CLARENCE Elected Member, November 7th, 1906; died 
August 4th, 1908. 
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CURRENT ENGINEERING LITERATURE 


[Society 


MONTHLY LIST RECENT ENGINEERING ARTICLES 


each journal this list: 


(1) 
(2) 


(3) 
(4) 
(5) 
(6) 


(7) 
(8) 
(9) 
(10) 
(11) 
(12) 


(13) 
(14) 
(15) 
(16) 
(17) 
(18) 
(19) 


(20) 
(21) 


(22) 
(23) 
(24) 
(25) 
(26) 
(27) 


INTEREST 


(August 5th September 8th, 1908.) 


list published for the purpose placing before the 
members the Society, the titles current engineering articles, 
which can referred any available engineering library, can 


procured addressing the publication directly, the address and price 
being given wherever possible. 


LIST PUBLICATIONS 
the subjoined list articles, references are given the number 


Assoc. Eng. Soc., 
Boston, Mass., 30c. 
Club 

1317 Spruce St., Phila- 
Pa. 
Journal, Franklin Inst., Philadel- 
phia, Pa., 50c. 

Journal, Western Soc. 
Monadnock Chicago, 
Transactions, Can. Soc. E., 

Montreal, Que., Canada. 

School Mines Quarterly, Co- 

Univ., New York City, 

Technology Quarterly, Mass. Inst. 

Tech., Boston, Mass., 75c. 
Stevens Institute Indicator, Stevens 

Inst., Hoboken, J., 50c. 
Engineering Magazine, New York 

City, 25c. 

Magazine, New York City, 


(London), 
Wiley, New York City, 25c. 

The Engineer 
national News Co., New York 
City, 35c. 


News, New York City, 


Journal, 
Mil 


Engineerin 


The Engineering Record, New York 
City, 12c. 

Railroad Gazette, New York 
City, 15c. 

Engineering and Mining Journal, 
New York City, 15c. 

Electric Railway Journal, 
York City, 10c. 

Railway and Engineering Review, 
Chicago, 

Scientific American 
New York City, 10c. 

Iron Age, New York City, 10c. 

Railway Engineer, London, Eng- 
land, 25c 

Iron and Coal Trades Review, Lon- 
don, England, 25c. 

Bulletin, American Iron and Steel 
Assoc., Philadelphia, Pa. 


New 


Supplement, 


American Gas Light Journal, New 
York City, 10c. 

American Engineer, New 
City, 20c. 

Electrical Review, London, Eng- 


land. 
World, New York City, 
Cc. 


(28) 
(29) 
(30) 
(31) 
(32) 
(33) 
(34) 
(35) 
(37) 
(38) 
(41) 
(42) 
(43) 
(44) 


(45) 
(46) 
(47) 
(48) 
(49) 
(50) 
(51) 
(52) 
(53) 


(54) 
(55) 
(56) 
(57) 


Journal, New Water- 
Works Assoc., Boston, Mass., $1. 

Journal, Royal Society Arts, 
London, England, 15c. 

Annales des Travaux Publics 
Belgique, Brussels, Belgium. 
Annales des Ing. Sortis 
des Ecoles Spéciales Gand, 

Brussels, Belgium. 

Mémoires Compte Rendu des 
Soc. Ing. Civ. 
France, Paris, France. 

Génie Civil, Paris, France. 

Portefeuille Economiques des Ma- 
chines, Paris, France. 

Nouvelles Annales Construc- 
tion, Paris, France. 

Revue Mécanique, Paris, France. 

Revue Générale des Chemins 


Fer des Tramways, Paris, 
France. 
Machinery, Chicago, 
Proceedings, Am. Inst. Elec. 


New York City, 50c. 

Annales des Ponts Chaussées, 
Paris, France. 

Journal, Military Service Institu- 
tion, Governor’s Island, New 
York 50c. 

Mines and Minerals, Scranton, Pa., 


American, New York City, 


Mechanical Engineer, Manchester, 
England. 

Zeitschrift, Verein Deutscher In- 
genieure, Berlin, Germany. 
Zeitschrift fiir Bauwesen, Berlin, 
Germany. 
Stahl und Eisen, Diisseldorf, Ger- 

many 

Deutsche Bauzeitung, Berlin, Ger- 
man 

Industrie-Zeitung, 
Russia. 

genieur und Architekten 
Vienna, Austria. 

Transactions, Am. Soc. E., New 
York City, 

Transactions, Am. Soc. E., New 
York City, $10. 


Riga, 


Transactions, Am. Inst. Min. 
New York City. $5. 
Colliery Guardian, London, Eng- 


land. 


CURRENT ENGINEERING LITERATURE 389 

(58) Proceedings, Eng. Soc. Pa., 803 (77) Journal, Inst. Elec. Engrs., Lon- 
Fulton Bldg., Pittsburg, Pa., 50c. don, England. 

(59) Transactions, Mining Inst. Scot- (78) Beton und Eisen, Vienna, Austria. 
land, London and (79) Forscherarbeiten, Vienna, Austria. 
upon-Tyne, England. (80) Zeitung, Berlin, Ger- 

(60) Municipal 
apolis, Ind., 25c. (81) Zeitschrift fiir Architektur und In- 

(61) Proceedings, Western Railway genieurwesen, Wiesbaden, Ger- 
Club, 225 Dearborn St., Chicago, many. 

(82) Dinglers Polytechnisches Journal, 

(62) Industrial World, Ninth Berlin, Germany. 

Pittsburg, Pa. (83) Progressive Age, New York City, 

(63) Minutes Proceedings, Inst. E., 

London, England. (84) Ciment, Paris, France. 

(64) Power, New York City, 20c. (85) Proceedings, Am. Ry. Eng. and 

(65) Official Proceedings, New York Assoc., Chicago, 
Railroad Club, Brooklyn, Y., (86) Engineering-Contracting, Chicago, 


(66) 


Journal Gas Lighting, London, 


(87) Roadmaster and Foreman, Chicago, 
England, 15c. 10c. 
(67) Cement and Engineering News, (88) Bulletin the International Ry. 
Chicago, 25c. Congress Assoc., Brussels, Bel- 
(68)* Mining Journal, London, England. gium. 
(70) Engineering Review, New York (89) Proceedings, Am. Soc. for Testing 
City, 10c. Materials, Philadelphia, Pa. 
(71) Iron and Steel Inst., Lon- (90) Inst. Naval 
England. Archts., London, England. 
(73) London, England, 18c. (91) Transactions, Soc. Naval Archts. 
(74) Transactions, Inst. Min. and and Marine Engrs., New York 
Metal., London, England. City. 
(75) Proceedings, Inst. Mech. Engrs., (92) Bulletin, Soc. 


London, England. 


pour Nationale, Paris, 


(76) Brick, Chicago, France. 


LIST ARTICLES. 
Bridge. 


Report Committee the Amer. Ry. Eng. and Assoc. Iron and 
Steel Structures.* (85) Vol. 
Open vs. Ballast Deck Structures.* Robinson. (85) Vol. 
Report Committee the Amer. Ry. Eng. and Assoc. Wooden Bridges 
and Trestles.* (85) Vol. 
Ferro-Concrete Railway Bridges.* (21) Aug. 
Detailed Cost Erecting Three Plate Girder Bridges Ten Spans. (87) Aug. 
The Design the Quebec Bridge: Report Schneider, with Theodore Cooper’s 
Specifications.* (13) Aug. 
Reinforced-Concrete Bridges for Track Elevation the Illinois Central R.: 
Failure Tests Large Concrete Slabs.* (13) Aug. 
Pneumatic Caissons.* Kennard Thomson. beginning Aug. 
Anchorages for Island Bridge Cantilever Spans.* (14) Aug. 
The Suspended Falsework for the Manhattan Bridge.* (14) Aug. 
The Mulberry Street Viaduct, Harrisburg, Pa.* (14) 
Automatic Block Signals Brooklyn Bridge.* 
The the Central Spans the Colesburg Bridge, Cape Colony.* 
Cost Piers the Chattahoochee River Viaduct.* John Ash. (14) Aug. 29. 
Substructure for the Mulberry Street Viaduct, Pa. 
ug. 
Data Concrete and Reinforced Concrete Bridges (20 Highway and Rail- 
way) including Yardage, Cost, Etc. (86) Sept. 
The the Manhattan Approach the Blackwell’s Island Bridge.* 
Ponts Arc Pierre Taille Henri Tavernier). (84) July. 
Viaduc Passy, sur Seine pour Chemin fer Métropolitain Paris.* 
Biette. (33) Serial beginning July 25. 
des Ponts Maconnerie Plusieurs Arches.* 


(33) 

Ein Berechnung von mit Sich Kreuzenden 
Versehenen Rechteckigen Betonplatten. Manitius. (78) July 

Uber Armierte und Sprengwerkstriger mit Strebenanschluss.* 
Friedrich Hartmann. (53) Serial beginning Aug. 

Die Neue Strassenbriicke (Stubenrauch-Briicke) die Spree 
bei Berlin.* Karl Bernhard. (51) Serial beginning Aug. 26. 
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Electrical. 


Nickel. Edward Kern and Francis Fabian. (6) July. 

Alternating Current Commutator Motors.* Rudolf Goldschmidt. (73) Serial be- 
ginning July 31. 

New Alternate-Current Instruments.* Sumpner. (77) Aug. 

High-Speed Electrical Machinery.* Gerald Stoney and Law. (77) Aug. 
Electricity Supply Prospects and Charges Affected Metallic Filament Lamps 
and Heating. Handcock and Dykes. (77) Aug. 

Electrolytic Corrosion.* Haldane Gee. (77) Aug. 

Heating Ventilated and Enclosed Motors.* Wilson Hartnell. (77) 

Apparatus for Measuring Volts, Amperes and Watts.* North- 
rup. (3) Aug. 

the Measurement Large Inductances containing Iron.* Sir Oliver Lodge and 
Benjamin Davies. (77) Aug. 

Reinforced Concrete Pipes and Poles.* (66) Aug. 

the Best Method Demagnetising Iron Magnetic Testing.* Burrows. 
(Abstract from Bulletin, Bureau Standards.) (73) Serial beginning 
Aug. 

Lightning Phenomena. Creighton. (27) Aug. 

The Power System the Georgia Railway Electric Company.* (17) Aug. 

Methods and Labor Cost Constructing over 200 Concrete Vaults for Underground 
Conduit.* (86) Aug. 12. 

The Measurement Power Factor and Frequency Single-Phase Alternating Cur- 
rent Circuits.* Lulofs. (73) Aug. 14. 

High-Tension Cables and High-Tension Power Transmission.* Apt. (Abstract 
paper read before the Elektrotechnischer Verein.) (73) Aug. 14. 

the Power System the Tri-City Railway Light Company.* 
(17) Aug. 15. 

Purification Air Means Ozone.* Erlwein. (19) Aug. 15. 

Conclusive Evidence the Tungsten Lamps and other Interesting 
Phenomena.* Stuart Freeman. (27) Aug. 15. 

Non-Synchronous Generator Stations the Rheinbinnencanal, Switzerland.* 
Yazidjian. (27) Aug. 15. 

Aluminum-Cell Lightning Arresters.* Creighton. (27) Aug. 15. 

New Methods Laying Duct and Building Manholes for Electric Transmission 
Lines, with Figures and Comparative Costs.* (86) Aug. 19. 

The Urft Dam and the Hydro-Electric Power Transmission.* (11) Aug. 21. 

Electrical Developments Durban.* (26) Aug. 21. 

The Variation Apparent Capacity Condenser with the Time Discharge and 
the Variation Capacity with Frequency Alternating Current Measure- 
ments.* Hill. (Abstract from Physical Review.) (73) Aug. 21. 

Acyclic Dynamos.* Feldmann. (73) Aug. 21. 

Heating Ventilated and Enclosed Motors.* Hartnell. (Abstract paper 
read before the Inst. Elec. Engrs.) (73) Aug. 21. 

The Synchronous Motor Systems Operating Low Power Factor.* Helms. 
(27) Serial beginning Aug. 22. 

The Resistance Lightning Arrester Earth Connections.* Creighton. 
(27) 22. 

for the Salt River Project, Reclamation Service.* 

ug. 

The Power Plant the Knoxville Railway Light Company.* (17) Aug. 29. 

Electrical Generating System the Newton Gas Electric Company Newton, 
J.* (27) Aug. 29. 

Power Factor Single-Phase Wattmeter.* Nicholas Stahl. (27) 

ug. 

Methods for Locating Transpositions Wires and Split Pairs Telephone and 
Telegraph Cables.* Henry Fisher. (42) Sept. 

their Construction and Uses.* Percival Robert Moses. (9) 

ept. 

Electric Waves Detectors Radiotelegraphy.* Fleming. (10) Sept. 


The Status the Flaming Arc Lamp.* Alfred Wohlauer. (27) 
ept. 5. 


The Tungsten Lamp.* Francis Willcox. (27) Sept. 

The Poughkeepsie Light, Heat Power Company.* (27) Sept. 

Recent Development the Worcester Electric Light Company.* (27) Sept. 
Phototélégraphie.* Cerbelaud. (32) June. 


Marine. 


The Isle Man Turbine Steamer Ben-My-Chree. (11) Aug. 14. 

German Experimental Tanks.* (12) Serial beginning Aug. 21. 

The United States Turbine Scout Chester.* Yates. (Abstract from 
Journal, Amer. Soc. Naval Engrs.) (11) Aug. 21. 

Reinforced Concrete Building Material for Boats.* (46) Sept. 


Schwimmdock fiir die Kaiserliche Werft Wilhelmshaven.* Klitzing. (48) 
Aug. 8. 
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Mechanical. 


High Speed Elevators.* Lighthipe. (6) July. 

Recent Improvements Connection with Gas-Works Installations Germany with 
Special Reference the Koppers’ Patent Inclined Coke-Ovens Erected 
Bochum Gas-Works and Koppers’ Improved Ammonia Recovery Plant. 
Peters. (Paper read before the Rhineland and Westphalian Gas Assoc.) 
(66) July 28. 

The Zeppelin Air-Ships. (11) July ‘31. 

Steam Turbine Development.* J.C. Thorpe. (4) 

The Glocker-White Turbine Governor.* White and Moody. (64) 


Aug. 

High-Pressure Distribution.* James Keillor. (Paper read before the North 
Brit. Gas Assoc.) (66) Aug. 

Distribution Gas High Pressure.* Ch. D’Aubenton-Carafa. (Abstract 
paper read before the Soc. Tech. Gaz.) (66) Aug. 

The Combustion and Thermal Decomposition Hydrocarbons. William Bone 
(Paper read before the Inst. Gas Engrs.) (66) Aug. 

Coal-Stoves.* Meier. (Abstract tr. paper read before the German Assoc. 
Gas and Water (66) Aug. 

The Cargo Fleet Iron Co.’s Electrical Equipment.* (26) Aug. 

Barr and Stroud’s Dynamometer.* (47) Aug. 

Power Plant the New Union Terminal Station Washington, C.* (14) 
Aug. 

Suction Producer for American Coals and Lignites.* Tolman. (62) 
Aug. 

Study the Carbonization the Chief Types Coal. (66) Aug. 11. 

New Works the Whitehead Iron and Steel Company, Limited, Tredegar, Mon.* 
(22) 14. 

Crank Shafts.* (47) Serial beginning Aug. 14. 

Leakage Condensation Steam Reciprocating Steam Engines.* (12) 
Aug. 

Installation Natural Gas Distribution Systems.* Klumpp. (Paper read 
before the Natural Gas Assoc.) (83) Aug. 15. 

Briquetted Coal Brooklyn.* Clifford Meeker. (14) Aug. 15. 

Power System the Henry Vogt Machine Co.* Osborne Monnett. (64) Aug. 18. 

The Glengarnock and Ardeer Works the Glengarnock Iron and Steel Company, 
Limited.* (22) Aug. 21. 

The Hydro-Electric Plant and Mill the Superior Portland Cement Co., Superior, 
Wash.* George Moore. (14) Aug. 22. 

Modern Steam Power Central Station Pacific Coast.* (62) Aug. 24. 

Large Reinforced-Concrete Coal Pocket Charlestown, Mass.* George 
Carver, Assoc. Am. Soc. (13) Aug. 27. 

The Work and Design Motor-Cabs.* (11) Aug. 28. 

Note Condensation.* Maurice Leblanc. (Tr. paper read before the Assoc 
Tech. Maritime.) (11) Serial beginning Aug. 

The through Steam Boiler Heating Surface.* Kingsley. 
ug. 

Methods Testing Materials for Hardness.* Springer. (10) Sept. 

Suction Gas Producer Power.* Tolman. 

The Feed-Water System for the Power Plant.* Charles Howard. (9) Sept. 

Car-Loading Machine.* (45) Sept. 

Simple Forms Coal and Ash Conveyors.* Warren Rogers. (64) Sept. 

The Influence Velocity Furnace Gas the Rate Heat Transfer.* Kings- 
ley. (14) Sept. 

Dispositif Pneumatique pour Poids Lourds.* Michelin. (32) 
pr. 

Nouveaux Systémes Distillation pour Production Gaz 
Marquisan. (32) Apr. 

Benzol dans les Moteurs d’Automobiles.* Grebel. (32) May. 

Voies Suspendues Trolleys, Tourtellier (34) June. 

Chocs pour Poids Lourds, Tramway.* Feugéres. 

une. 

Les Fours Perpignani-Candlot pour Cuisson des Ciments des Chaux 
liques.* (Tr. from Cements.) (84) July. 

Chaleur Spécifique Pression Constante.* Thonet. (37) July. 

Les Pompes Centrifuges Haute Pression.* Banki (tr. Lecuir). (37) 


uly. 

Mode Usure des Bandages Pleins Caoutchouc. sur les Automobiles 
Industrielles.* Girardault. (33) Serial beginning July 

Pompes Air pour Condenseurs Maurice Leblanc.* (33) Aug. 

Erfahrungen beim Bau von Luftschiffen. Graf Zeppelin. (48) July 25. 

Die Bearbeitung der von Gerlach. (48) Aug. 


*Tllustrated. 
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Mechanical—(Continued). 


mit Getrenntem Luftpumpenzylinder.* Herm. Meyer. 

(48) Aug. 22. 

Einige Neue Versuche Dampfturbinen.* Marguerre. (48) Aug. 22. 

Welche Erfahrungen Besitzen Wir den Einfluss der auf Schornstein- 
mauerwerk.* Peters. (Paper read before the Verein deutscher Firmen fiir 
Schornsteinbau und Feuerungsanlagen V.) (80) Aug. 25. 


Metallurgical. 


Experimental Researches the Cooling Power Liquids, Quenching Velocities 
and the Constituents Troostite and Carl Benedicks. (71) 
Vol. 77. 

Preliminary Results Trials Refining Iron and Steel Means Metallic 
Sodium. Albert Hiorth. (71) Vol. 77. 

Hardness the Constituents Iron and Steel.* H.C. Boynton. (71) Vol. 77. 

Iron, Carbon, and Sulphur.* Donald Levy. (71) Vol. 77. 

Iron and Phosphorous Compounds.* Saklatwalla. (71) Vol. 


and Tungsten High-Speed Tool Steel. Edwards. 
ol. 
The Features Hardened Supersaturated Steels.* Edward Hess. (71) 

Tool Steel Making Styria.* (Paper read before the Aca- 
emy Sci.) (6) July. 

Electrodeposition Nickel. Edward Kern and Francis Fabian. (6) July. 

Zine and Lead Smelting Silesia.* Primrose. (16) Aug. 

Alumina Copper Blast-Furnace Slags. Charles Shelby. (16) Aug. 

The Cost Silver-Lead Smelting. Walter Renton Ingalls. (16) Aug. 15. 

Cottrell Process for Condensing Smelter Fumes.* (16) Aug. 22. 

New System Modern Coke Ovens.* Fieschi. (16) Aug. 22. 

Douglas Smelting Works, Fundicion, Sonora.* Tucker. (16) Aug. 29. 

The Westby Sorensen Process. Jennings. (16) Aug. 29. 

The Ferrites, Compounds Iron Acid. Wells. (16) Aug. 29. 

Cyaniding Slime.* Wilson. (45) Sept. 

ept. 

The Selby, California (Lead smelting).* James Bennett. (16) 

ept. 

Filtration Slimes Oro, Mexico.* Forbes. (16) Sept. 

The Goldfield Consolidated 600-Ton Mill.* Percy Barbour. (16) Sept. 

Die Zusammensetzung der Hochofenschlacke Graphischer Darstellung. Graphische 
Mathesius. (Paper read before the Diissel- 
dorf.) (50) Aug. 

Neuer Drehstromofen und Weitere Fortschritte der 
Elektrostahlerzeugung.* Neumann. (50) Serial beginning Aug. 12. 

Ueber fiir Oelfeuerung. Schiel. (Paper read before the Verein 
deutsche (50) Aug. 19. 

Magnetstahl.* Hannack. (50) Aug. 26. 


Military. 


The Shooting and the Evolution the Spitzer Bullet.* Hartmann. 
ept. 
Appareils Synchronisme leurs Utilisations.* Couade. (32) June. 
Militaire pour Confection des Tranchées. Espitallier. 
ug. 


Die Heutigen Kugellager und Ihre Anwendung.* Aug. Bauschlicher. (48) Serial 
beginning July 25. 


Mining. 


Electrical Installation the Ferndale Collieries.* 22) July 31; 

The Gibb Underground Conveyor.* (57) Aug. 

Losses Coal Mining Flat Seam.* Audley Stow. (16) Aug. 

The Hamstead Colliery Disaster.* (22) Aug. 14. 

the Mines the Joplin District. Boardman. (16) 

ug. 
Mines Penoles Company, Mapimi, Mex.* Claude Rice.* (16) Serial begin- 
ning Aug. 15. 
eport the Washirgton Colliery Explosion.* (57) Aug. 


Experiments with Coal Dust the Home Office Testing Stati 
Station. (22) Aug. 28; 
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Mining—(Continued). 


The Safety Apparatus for Winding (22) Aug. 28. 

Reclaiming Caved Ground after Squeeze.* Rutledge. (16) Aug. 29. 

Chemical Control Coal Washers.* (16) Aug. 29. 

Magazine and Thaw House for Dynamite.* George Samuel. (45) Sept. 

Direct-Current Motors for Mining Service.* Clarke. (45) Sept. 

the Canada West Coal Co., Taber, Alberta.* Warren Roberts. 
(45) ept. 

Coal Mining Southern Anthracite Field.* Thomas Downing. (16) Sept. 

Nouvelles Recherches sur Présence Grisou des 
Charbon.* Schmerber. (33) Serial beginning Aug. 15. 


Miscellaneous. 


The Prague Jubilee Exhibition, 1908.* (12) Serial beginning Aug. 28. 

The Excavation Trenches Quicksand the Bleeding Method.* (86) Sept. 

Les Procédés Allemande.* Victor Cambon. (32) Apr. 

Photographie des Couleurs par les Plaques Autochromes Mm. Lumiére Fréres. 
Carpenter. (32) June. 


Ausgleichung von Triangulierungen nach der Methode der Kleinsten Produkte.* 
Wellisch. (53) July 24. 


Municipal. 


Electric Street Lighting. (Abstract.) Long. (77) Aug. 

Cost Road Construction New Jersey 1907, and Per Cent.. Engineering 
Cost the Work. (86) Aug. 

Concrete Paving for Streets.* (13) Aug. 20. 

The Cost Repairing Asphalt Pavements Utica, (14) Aug. 29. 

Method and Cost Repairing Macadam Roads Scarifying and Rolling instead 


Railroad. 
the Amer. Ry. Eng. and Assoc. Track.* (85) 


Discussion Earth Slides.* Rohwer. (85) Vol. 
the Amer. Ry. Eng. and Assoc. Rail.* (85) 
ol. 
Strength and Endurance Steel Rails.* James Howard. (85) Vol. 
Report Committee the Amer. Ry. Eng. and Assoc. Yards and 
Terminals.* (85) Vol. 
Development Hump Yards the Pennsylvania System.* (85) Vol. 
Railway Freight Houses and Warehouses, Newark, J.* (85) Vol. 
ol. 


Report Committee the Amer. Ry. Eng. and Assoc., Signal and 
Interlocking.* (85) Vol. 

Signal Indications and Signal Aspects. Anthony. (85) Vol. 

Element Considering Grade Reductions. Shurtleff. (85) 
ol. 


the Amer. Ry. Eng. and Assoc. Ties.* (85) 


ol. 
Preliminary Report Sub-Committee the Amer. Ry. Eng. and Assoc. 
Future Policy Railroads with Reference Tie Supply. (85) Vol. 
the Amer. Ry. Eng. and Assoc., Buildings. 
ol. 
Tend toward the Fracture Steel Rails.* James Howard. 
uly. 
Abolition Grade Crossings the City New Bedford.* William Williams. 
comotives fitted with Superheaters. Report the 
Single ase Electric Traction Railways.* (21 Serial beginni 
Permanent Way.* (21) Serial beginning Aug. 
Steel Rails for Present Service; their Manufacture and their Failures.* 
Dudley. (4) Aug. 
The Development the Electric Railway.* James Hatch. (4) Aug. 
Use Special Semaphore Signals for Shunting Operations 
The Resistance Railway Trains. Carus-Wilson. (88) 
Track Maintenance Curves.* (From Zeit. 
bahnverwaltung.) (88) Aug. 


Aug. 
Ver. Deutsch. 


*Illustrated. 
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Railroad— (Continued). 


New Forms Distant and Home Signals Germany. Hans Martens. (From 
Zeit. Ver. Deutsch. (88) Aug. 

New Forms Distant and Home Signals Germany. (From 
Zeit. Ver. Deutsch. (88) Aug. 

Methods and Cost Earth and Rock Excavation for Railroad Cut.* (86) 
Aug. 

Methods and Cost Earth and Rock Excavation with Steam Shovel and the Cost 
Repairing Wrecked Steam Shovel. (86) Aug. 

The Camp Embankment; St. P.* George Holmes Moore. (15) 
Aug. 

The Kokomo, Marion Western Traction Co.* (18) Aug. 

The McKees Rocks Shops the Pittsburgh Lake Erie Ludgate. 
(14) Aug. 

Dispatching Trains Telephone the Chicago, Burlington Quincy Railroad. 


Swiss Single-Phase Railroad; Seebach-Wettingen Line.* Frank Koester. (27) 
Aug. 

Power Plant the New Union Terminal Station Washington, C.* (14) 


Aug. 

The New Cut-Off Line the Lackawanna Railroad.* Wheaton. (13) 
Aug. 13; (14) Aug. 15; (15) Aug. 14; (18) Aug. 15. 

4-Cylinder Compound Locomotive, North-Eastern Railway.* (47) Aug. 14. 

The Great Western Railway Works Swindon.* (12) Aug. 14. 

Glehn 4-Cylinder Compound, Pacific Type, Locomotives, Paris-Orleans Ry.* 
(18) Aug. 15; (25) Sept. 

The Proposed Boston Eastern Electric R.R.: Account Hearings Before the 
Massachusetts Railroad Commission.* Knowlton. (13) Aug. 20. 

Bogie Tank Engines, North Staffordshire Railway.* (12) Aug. 21. 

New Locomotive the Northern Railway France.* (47) Aug. 21. 

Recent Narrow Gage Locomotive for Heavy Service.* (15) Aug. 21. 

Power Requirements Railroad Shop Tools.* Pomeroy. (Abstract 
appendix paper read before the Central Ry. Club.) (15) Aug. 21. 

Electric Traction the Swedish State Railways, 1905-1907.* 

ug. 

Operating Results the McKees Rocks Power Plant the Pittsburg Lake Erie 
Railroad. (14) Aug. 22. 

The Libyan Desert Railroad.* (19) Aug. 22. 

Large Tank Locomotive; London, Brighton South Coast Railway.* (15) Aug. 28. 

Recent Types Express Locomotives.* Maurice Demoulin. (12) 

ug. 

Pacific Type Locomotives, Chicago Alton R.R.* (18) Aug. 29. 

Concrete Substations Minneapolis.* (17) Aug. 29. 

Methods and Cost Melting Snow Switches. James Lang. (Abstract 
paper read before the Ry. Signal Assoc.) (86) 

Steel Cars for Passenger-Train Equipment.* (13) Sept. 

Sloping Fireboxes Locomotives.* Caruthers. (15) Sept. 

Mogul Locomotives for the Iowa Central Railway Co.* (18) Sept. 

Nouvelles Voitures Compagnie d’Orléans. (38) Aug. 

Note sur les Locomotives-Tenders Six Roues Accouplées Compound deux Cy- 
lindres Chemin Fer d’Intérét Local Luxey Mont-de Marsun des 

Note sur les Travaux Préparatoires Exécutés Station Pont 
politaine No. Jegou d’Herbeline. (38) Aug. 

Fer Chan-Si (Chine).* Millorat: (33) 

ug. 22. 

Holzschwelle oder Eisenschwelle.* (50) 

Lokomotivschuppen aus Bastian. (78) July 27. 

Der Rotherhithe-Tunnel London.* Kaemmerer. (48) Aug. 

Studien Heissdampflokomotiven.* Briickmann. (48) 


Serial beginning 
July 22. 


Serial beginning 
den Betrieb von Vollbahnen. Sanzin. (53) Serial beginning 


den Bremsversuchen des Osterreichischen 
Langrod. (53) Aug. 21. steriums. Adolf 


Railroad, Street. 


Relation between the Capacity Metropolitan Line and the 

Brecht. (From Elektrische Kraftbetriebe und Bahnen.) (88) Aug. 
The Forest Hills Extension the Boston Elevated Railway.* (17) Aug. 
Progress the Subway Bridge Loop, New York.* (14) Aug. 15. 
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Railroad, Street—(Continued). 


Large Typical Substation the Chicago City Railway.* (17) Aug. 15. 

The Car Equipment Department the Interborough Rapid Transit Company; Brake 
Shoe Studies and Changes.* (17) Aug. 22. 

Cooling and Ventilating the New York Subway. Bion Arnold. (Report the 
Public Service Comm.) (15) Aug. 28. 

Automatic Block Signals the Brooklyn Bridge.* (15) Aug. 28. 

The Construction the Paris Subway Lines.* Louis Dubois. (73) Aug. 28. 

The Street Railway System San Francisco.* Lathrop. (17) Sept. 

Note sur les Travaux Préparatoires Consolidation Exécutés Station 
Pont Saint-Michel Vue Permettre Percement Souterrain 
Ligne Métropolitaine No. 4.* Jegou d’Herbeline. (38) Aug. 


Sanitary. 


Sewer Construction Running Sand Gary, Ind.: Use Driven Wells for Lower- 
ing Groundwater Level Advance Trenching.* (13) Aug. (86) Aug. 
(19) Aug. 22; (60) Sept. 

The Large Brick Sewer Gary, Indiana.* Scheflow. 

ug. 

Air Washing and Humidifying, and Some its Applications Industrial Purposes. 
Rowe. (Abstract paper read before the Ohio Soc. Mech., Elec. and 
Steam Engrs.) (13) Aug. 13. 

The Doctrine Relation Sewage Purification. Owen Travis. 
before the Assoc. Managers Sewage Disposal Works.) (14) 

ug. 

Purification Air means Ozone.* Erlwein. (19) Aug. 15. 

Investigations the Distribution Sewage upon Trickling Filters.* (13) Aug. 20. 

The New Sewage Pumping Station, Washington, C.* (14) Aug. 22. 

The Broad Irrigation Sewage Farm Fresno, California.* (14) Aug. 22. 

The Pumping Station Conduits and Outfall Sewer the Washington Sewerage Sys- 
tem.* (14) 29. 

Cost Large Brick Sewer Gary, Ind. Scheflow. (14) Aug. 29. 

Concrete Block Construction for Culverts and Sewers.* (86) Sept. 

Heating the McKees Rocks Shops, Pittsburgh Lake Erie R.R.* Douglas 
Morrison. (14) Sept. 

The Elimination Suspended Matters Sewage. (Abstract discussion the 
Royal San. Inst.) (14) Sept. 

Points Steam Heating.* Chas. Hubbard. (70) Serial beginning 

ug. 

Chauffage Niveau Circulation Accélérée.* d’Anthonay. (32) May. 

Der Bau des Abwasser-Sammelkanales Osnabriick und die demselben Beobach- 
teten durch Schwefelsauren Moor- 
bezw. Grundwassers,* Friedrich Lehmann. (51) Serial beginning Aug. 22. 


Structural. 


The Rusting Iron. Newton Friend.* (71) Vol. 77. 
Hardness the Constituents Iron and Steel.* H.C. Boynton. (71) Vol. 77. 
Changes which take Place Coal-Tar Creosote during Exposure.* Hermann von 
Schrenk. (85) Vol. 
Cement; its Use and Abuse.* Robert Lesley, Assoc. Am. Soc. (3) 
Economy Ferro-Concrete Design. Oscar Faber. (11) Serial beginning Aug. 
Pneumatic Caissons.* Kennard Thomsen. (15) Serial beginning Aug. 
Tests Bonding New Concrete Old. Raymond Perry. (13) Aug. 13. 
The Hard Woods Eastern Australia.* (12) Aug. 21. 
Some Problems Reinforced Concrete Engineering.* Alexis Saurbrey 
(14) Aug. 22. 
The Syracuse University Gymnasium.* (14) Aug. 22. 
ore Scleroscope; Instrument for the Measurem 
Springer. (20) Aug. 27. ent Hardness. 
Voids, Shrinkage and Weight Crushed Stone. (12) Aug. 28. 
emische Untersuchungen die des Betons 
ten den Stationen und Guntramsdorf der 
eber aterialeigenschaften Zerreiss-, Kerbreiss- 
(50) Serial beginning July 29. 
der auf die Anordnung der Armierungen bei 


Dr. Thieme. (Paper read before the deutsch 
scher Betonverein V.) (80) 


Aug. 
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Structural—(Continued). 

Neue Versuche iiber die Lage und das Wandern der Nulllinie, 
sowie das der Querschnitte.* Richard Miiller. (Paper read before 
the Deutscher Betonverein.) (80) 22. 

Die Neubau der Markthalle in_ Breslau. Rudo 
Heim. (Paper read before the Deutscher Betonverein.) (80) Aug. 27. 


Water Supply. 
Water Treatment and Results the Paso Southwestern Railway System. 


(85) Vol. 
Report Committee the Amer. Ry. Eng. and Assoc., Water Service.* 


The Design and Construction Impounding Reservoirs. Wm. Watts. (Paper read 
before the Assoc. Water Engrs.) (66) July 28. 

Reinforced Concrete Pipes and Poles.* (66) Aug. 

Some Methods Employed Constructing the 1-3 Mile Reinforced Concrete Aque- 
duct for the Water Supply Salt Lake City.* (86) Aug. 

The Filing System the New York Board Water Supply. Leo Murphy. (13) 
Aug. 

The Underground Water Supply Indiana. Clapp. (Abstract paper read 
before the Ind. Water-Works Conference.) (14) Aug. 

ug. 

Great Northern Power Company’s Plant.* Claude Aikens. (64) Aug. 

Cost Earth Embankment and Gravel Facing. (86) Aug. 12. 

Lowering 24-in. Water Pipe Street Grade Changes Detroit, Mich.* 
Ward. (13) Aug. 13. 

Cape Town and its Water-Works.* Wynne Roberts, Inst. (Abstract 
paper read before the Assoc. Water Engrs.) (66) Aug. 18. 

Tests Oil-Engine Pumping Plants Wrentham and Wareham, Mass. (13) 
Aug. 20. 

The Cost the Corbett Diversion Dam, Shoshone Project. (14) Aug. 22. 

Formula for Calculating Flashboards for Dams.* Muller. (14) Aug. 22. 

Cost Constructing Reinforced Concrete Dam for Irrigation Work Wyoming.* 
(From Reclamation Record.) (86) Aug. 26. 

160-Mile Pipe-Line Water Distribution System the Paso Southwestern 
Ry.* (13) Aug. 27. 

New Waterworks Selby.* (12) Aug. 28. 

The Flow Water Spiral Riveted and Other Pipes.* Schoder and.H. 
Gehring. (14) Aug. 29. 

Operating Results the Wrentham and Wareham Fuel-Oil Pumping Stations.* 
(14) Aug. 29. 

The Prevention Seepage from Ditches and Canals. (14) Aug. 29. 

Ozone Water-Purification Dyott. (27) Aug. 29. 

Cost Excavating Irrigation Canal Armstrong Excavator. Henry 
Young. Assoc. Am. Soc. (86) Sept. 

The Water Supply the City Pittsburgh, the Main Pumping Stations and Filtra- 
tion Plant.* H.G. Manning. (20) Sept. 

Stadia Survey for the Location the Catskill Aqueduct, Peekskill Division.* Boris 
Levitt. (13) Sept. 

The Plant the Huntley Irrigation Project.* Hanna. (13) 
ept. 

L’Ecoulement des Liquides dans les Lits Rectilignes Rectangulaires Larges, Cir- 
culaires Semi-Circulaires.* Maurice Alliaume. (30) Aug. 

Die des der Stadt Nordhausen.* Pfarr. 

ug. 

Berkenkamp. (48) Aug. 15. 

Beitrag zur Beurtheilung der Schnellgehender Pumpen.* 
Sieglerschmidt. (82) Aug. 22. 


Die Wirkungsweise der Pressluftpumpen (Mammutpumpen). Folke-Rasmussen. 
(82) 29. 


Waterways. 

the Middle Wheel,” Waterway Legislation. Lewis Haupt. (3) 
ug. 

Shops the Panama Canal. (18) Aug. 


from the Salton Sea.* Grunsky, Am. Soc. (13) 
ug. 13. 


Port and Harbour Improvements Bombay.* (12) Aug. 14. 
The Cost Excavating Earth and Hardpan for Creek Change, with Comments 
the Method Used and Manner Staking out the Work. (86) Aug. 19. 
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Waterways— (Continued). 


The Operation the Hydraulic Dredge General Comstock; Galveston Harbor, 
Tex. Emile Low, Am. Soc. (13) Aug. 20. 


Comments Some Records Hauling Earth Cars and Dumping with Plows 
(Panama Canal). (86) Aug. 26. 


The Use and Conservation Water-Power Resources. von Schon. (9) Sept. 


The Relative Advantage Hydraulic and Electric Power for Port and Dock Work.* 
Brysson Cunningham. (10) Sept. 


The Anthracite-Tidewater Canals.* Chester Lloyd Jones. (From Annals the 
Amer. Acad. Polit. and Social Sci.) (15) Sept. 


Some Features Dry Excavation Panama.* (14) Sept. 


Les Moyens Communication Travers Pas-de-Calais Question des Ferry- 
Boats. Legrand. (32) June. 


L’Ecoulement des Liquides dans les Lits Rectilignes Rectangulaires Larges; Cir- 
culaires Semi-Circulaires.* Maurice Alliaume. (30) Aug. 


*Tllustrated. 
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MINUTES MEETINGS 


THE SOCIETY 


September 16th, meeting was called order 8.30 
M.; Allen Hazen, Am. E., the chair; “has. Warren 
Hunt, Seeretary, and present, also, 119 members, and guests. 

paper Wiley, Jun. Am. Soc. E., entitled “The 
Sinking the Piers for the Grand Trunk Bridge Fort 
William, Ontario, Canada,” was presented the Secretary, who also 
presented written communication the subject from Fickes, 
Am. Soe. The paper was discussed orally Messrs. 
Skinner, George Francis and Robert Marshall, Mr. Francis 
illustrating his remarks with lantern slides. 
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The Secretary announced the receipt the following letter: 
“OFFICE THE COMMISSIONERS: 
“HARTFORD, CONNECTICUT, 
“Sept. 11, 1908. 
“To the Members the American Society Civil Engineers, 
“GENTLEMEN: The stone bridge, known the Hartford Bridge, 
across the Connecticut River Hartford together with its approaches, 
known Connecticut Boulevard, has been completed and 
dedicated formally during the three days October 6th, 7th, and 8th. 
“On behalf the Commissioners for the Connecticut River Bridge 
and Highway District affords great pleasure extend all 
the members The American Society Civil Engineers cordial 
invitation witness the ceremonies incident the’ Dedication. 
“Yours truly, 
“Connecticut River District, 


“M. 
“President.” 


The Secretary announced the death 
elected Member, April 6th, 1892; died 
August 26th, 1908. 


Adjourned. 


October 7th, meeting was called order 8.30 M., 
Vice-President Bensel the chair; Chas. Warren Hunt, Secre- 
tary, and present, also, 146 members, and guests. 

The minutes the meeting September 2d, 1908, were approved 
printed Proceedings for September, 1908. 

The Vice-President appointed Messrs. Lewis Rights, Kennard 
Thomson, and Mogensen tellers canvass the ballot the 
following proposed amendments the Constitution: 

Amend Article the Constitution follows: 

Section Paragraph strike out the words, 
also the words, and substitute for the words, 
the words, Board Direction,’’ that the 
paragraph will read follows: All members other than Honorary 


Members shall admitted the Society only vote the Board 
Direction, hereinafter 


Strike out the last four words the first paragraph Section 
direct and insert their place shall vote thereon 

Section Paragraph strike out the word before the 
word and substitute the word also, strike out the 
words, following the word, also, strike out the 
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words, that Junior,’’ the second line, that the 
graph will read: The Board shall have the power elect persons 
any grade, and transfer persons from any grade higher grade 
membership, and shall notify the membership its 

Amend Section the same article read follows: 

the Board Direction. They shall mailed each member 
the Board Direction, and shall state the date on- which the ballot 
canvassed, which shall not less than twenty days after 
the issue the ballot. least twenty-five votes must cast 
constitute election. Three more negative votes shall exclude 
from election. case exclusion, notice thereof shall entered 
the minutes, but the candidate shall notified. 

rejected applicant may renew his applicatioh for membership 
transfer any time after the expiration one year from the 
date the ballot rejecting his previous 


Amend Article the Constitution follows: 


Omit the word the second line Section 12, and insert 
its stead the words further provided this paragraph.’’ 

Add Section 12, after the sentence ending shall appointed 
the Board Direction,” the following separate sentence 

Whenever, the judgment the Board Direction, special 
committee, appointed the above prescribed manner, reason 
the long time required for its would defeated its 
object and avail, then the Board Direction shall au- 
thorized appoint forthwith special committee act each case 
and report each subject the Board Direction report its action 
the Society its next regular 

Amend Article VII the Constitution follows: 

Add Section after the sentence, The Board Direction may 
prescribe the mode procedure for appointing this 
the following: and fill any vacincies 


paper entitled “Catenary Trolley Construction” Oliver 
Lyford, Am. Soe. E., was presented the author, and 
illustrated with lantern slides. The paper was discussed orally 
Messrs. Harte, Archbold, and Coombs, Messrs. 
Harte and Archbold illustrating their remarks with lantern slides. 


The tellers reported follows: 


the adoption the amendment Article ITI, the 
Method Election Members: 
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the adoption the amendments Articles and VII, relating 
the Method Appointment Special Committees: 


Not entitled vote............. 


two-thirds all ballots having been received, 
accordance with Section Article the Constitution, the 
Vice-President declared the amendments carried. 

Ballots for membership were canvassed, and the following candi- 
dates elected: 


MEMBERS. 


Tavarro Thrall, Cal. 

Henry New York City. 

Henry Spokane, Wash. 
pos Rio Janeiro, Brazil. 
New York City. 
CLARENCE THAYER FERNALD, Melrose, Mass. 
Beatry Minneapolis, Minn. 
Sanrorp Brattleboro, Vt. 
Henry Ottawa, Ont., Canada. 
JAMES Epwarp Littleton, Colo. 

Morris, New York City. 
Ross San Francisco, Cal. 

Hampton Colima, Mexico. 
Woop, New Orleans, La. 


MEMBERS. 


AGRAMONTE, Havana, Cuba. 

Ernst Henry Tuxpan, Jalisco, Mexico. 

Brown, Salt Lake City, Utah. 
Henry Columbus, Ohio. 

Harry Day Bishop, Cal. 

Frank Davip St. Louis, Mo. 
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(Continued.) 


Frep Carnot Davis, Whitehall, 

New York City. 
Harry Garman, Lafayette, Ind. 

Gray, St. Louis, Mo. 

Gray, Louisville, Ky. 
Roy Corpis Ft. Wingate, Mex. 
Guy Bangor, Me. 

Ray Emerson Koon, Kansas City, Mo. 
CLARENCE Larson, Madison, Wis. 
Burton Kansas City, Mo. 

Ernest Boyp Portland, Ore. 
WALTER McMorrow, New York City. 
Moopy, Manila, Philippine 
Colorado Springs, Colo. 
Oakland, Cal. 

Epwarp New York City. 
Fry Toronto, Ont., Canada. 

JR., Gary, Va. 

THoma, New York City. 

WEBBER, Vera Cruz, Mexico. 
CHAMBERS WHEELER, Honolulu, Hawaii. 
Joun Root Greeley, Colo. 

Gustar Atlanta, Ga. 


ASSOCIATES. 


New York City. 
Peter Poorman, Boulder, Colo. 
Francis Vinton New York City. 
New Orleans, La. 
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The Secretary announced: 


The transfer the following candidates the Board Direction, 
October 6th, 1908: 


From MEMBER MEMBER. 


Ernest EpMuND Winnipeg, Man., Canada. 
Burke, Grandview, Wash. 

JoHN Baptiste New York City. 

JoHN Corsica, Pa. 

Warren Grand Rapids, Mich. 

CHANDLER New York City. 


The election the following candidates the Board Di- 
rection: 


March 1908: 
Frazer, Oruro, Bolivia. 
September Ist, 1908: 
New York City. 
October 6th, 1908: 
East Hartford, Conn. 
JoHN Henry New York City. 
ARNOLD CHARLES KELLERSBERGER, Austin, Tex. 
Leroy Austin, Tex. 
Graves Bocas del Toro, Panama. 
ALEXANDER Manila, Philippine Islands. 
JAMES San Juan, Porto Rico. 
Frep Morton Lockhart, Tex. 
Ernesto Lima, Peru. 
Havana, Cuba. 
Herman Lewis Brooklyn, 
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The Secretary announced the following deaths: 


elected Member, May 1907; died 
September 19th, 1908. 


Martin elected Member, July 5th, 1882; died 
September 25th, 1908. 


Epwarps, elected Member, June 3d, 1874; date 
death not known. 


Adjourned. 


THE BOARD DIRECTION 
Abstract.) 


October 6th, 1908.—President Macdonald the chair; Chas. 
Warren Hunt, Secretary; and present, also, Messrs. Andrews, Bensel, 
Brackett, Churchill, Gibbs, Hodgdon, Knap, Noble, Smith, and Tillson. 

The following resignations were accepted: 

Members: William Thurston Manning, Theophilus Michell. 

Applications were considered and other routine business trans- 
acted. 

Seven Associate Members were transferred the grade Member, 
and eighteen candidates for Junior were elected. 


Adjourned. 


ANNOUNCEMENTS 


every day, except Sundays, Fourth July, Thanksgiving Day, and 
Christmas Day. 


PAPERS AND DISCUSSIONS 


future, all papers accepted the Publication Committee will 
classified the Committee with respect their availability for 
meetings. 

Papers, which, from their general nature, appear charac- 
ter suitable for oral discussion will published heretofore 
Proceedings, and set down for presentation future meeting the 
Society, and, these, oral discussion, well written communica- 
tions, will solicited. 

All papers which not come under this heading, that say, 
those which, from their mathematical technical nature, the 
opinion the Committee, are not adapted oral discussion, will not 
scheduled for presentation any meeting. Such papers will 
published Proceedings the same manner those which are 
presented meetings, but written discussions, only, will re- 
quested for subsequent publication Proceedings and with the paper 
the volumes Transactions. 
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LIST NOMINEES FOR THE OFFICES FILLED THE 
ANNUAL ELECTION, JANUARY 2oth, 1909. 

The following list nominees for the offices filled the 
Annual Meeting, January 20th, 1909, received from the Nominating 
Committee, was presented the Board Direction its meeting 
September ist, 1908. The list has already been mailed all ‘Cor- 
porate Members. 

Chicago, 

For serve two years: 
New York City. 
Swensson, Pittsburg, Pa. 

For serve one year: 
Knap, New York City. 


For serve three years: 


Francis Stuart, New York City...... District No. 
Horace Sumner, Denver, No. 


MEETINGS 
Wednesday, November 4th, 1908.—8.30 M.—Ballots for mem- 
bership will canvassed, and paper entitled “Forests and Reservoirs 
Their Relation Stream Flow with Particular Reference Navi- 
gable Rivers,” Chittenden, Am. Soc. E., will 
presented for discussion. 


This paper was printed Proceedings for September, 1908. 


Wednesday, November 18th, 1908.—8.30 M.—A paper Ken- 
nard Thomson, Am. E., “Foundations for the 
New Singer Building, New York City,” will presented for discussion 
this meeting. 


This paper printed this number Proceedings. 


Wednesday, December 2d, 1908.—8.30 M.—Ballots for mem- 
bership will canvassed, and paper Leonard Metcalf, Am. 
Soc. E., Valuation and Fair Rates, the 
Light the Maine Supreme Court Decisions the Waterville and 
Brunswick Cases,” will presented for discussion. 

This paper printed this number Proceedings. 


Wednesday, December 16th, 1908.— 8.30 this meeting 
paper entitled “The Improvement the Ohio River,” William 
Sibert, Am. Soc. E., will presented for discussion. 

This paper printed this number Proceedings. 
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REPORT THE SPECIAL COMMITTEE THE STATUS THE 
METRIC SYSTEM THE UNITED 


the Officers and Members the 


American Society Civil Engineers: 

Your Committee, consisting Messrs. Stacy Opdyke, Jr., John 
Waterhouse, and David Molitor, was appointed investigate and 
report the present status the metric system weights and 
measures, and has the honor submit the following report. 

Owing illness Mr. John Waterhouse was compelled resign 
member the committee. This loss and the rare opportunities 
meeting has made difficult accomplish any concerted action 
formulate report. However, many inquiries and researches have 
been carried the two remaining members your Committee, 
and their findings are here presented for consideration the Society. 


The general scope the subject and its history would cover large 
volume, should any attempt made present complete history 
the metric system.. this has been done admirably Messrs. 
Hallock and deemed unnecessary dwell extensively 
this phase the question. 

The Bureau Standards, Department Commerce and Labor, has 
published table metric and equivalents which was primarily 
intended furnish all the necessary information any person in- 
terested the subject, and that Bureau receives daily from 
inquiries from persons and corporations interested this subject. 

The following brief taken from this publication permission 
kindly granted Dr. Stratton, Director the Bureau: 

“The essential features the system were embodied report 
made the French National Assembly the Academy Sciences 
1791. number other nations were invited codperate with 
France establishing the new system, and Denmark, 
Switzerland, Spain, and several minor States were represented 
international commission which met Paris 1799 accept the 


metric standards constructed under the direction the French 
Institute. 


*This report here printed for the information members; will pre- 
sented the Annual Meeting, January 20th, 1908. 


Evolution Weights and Measures and the Metric System,” 
Hallock and Wade. Macmillan Co. 
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“Although the metric system very soon attracted the favorable 
attention other nations, was not until forty years later that its 
use became general France. Since 1840, however, its use has rapidly 
spread until the present time either obligatory permissive 
every civilized country the world. Its use was made ‘lawful through- 
out the United States’ Act Congress 1866, and the same 
time provision was made supply every State the Union with set 
metric weights and measures. 

“No organized effort has been made this time supply the 
different countries with authentic copies the prototypes which 
were preserved the archives France. order meet the demand 
for accurate standards whose relation one another would known 
with the highest metric conventions were held Paris 
1870 and 1872, which were attended official delegates from about 
thirty countries. these conferences committees were appointed 
investigate the best form and material for the proposed new standards. 
1875 treaty was signed Paris seventeen the principal 
nations the world, the United States being among the number, which 
provided for the permanent organization International Bureau 
Weights and Measures under the direction International Com- 
mittee. The most important work the International Committee was 
provide for the construction sufficient number platinum- 
iridium meters and kilograms meet the demand the interested 
nations. The comparison all these standards with one another and 
with the original meter and kilogram was made the International 
Bureau which had been established near Paris neutral territory 
ceded the International Committee the French Government. 

“This work was completed 1899, and after selecting certain 
meter and certain kilogram the international prototypes, the others 
were distributed lot the different countries. The international 
meter and kilogram* have values identical with the original meter and 
kilogram, are preserved special underground vault the Inter- 
national Bureau, and are accessible only the International Com- 
mittee. The United States secured two meters and two kilograms, 
which are now preserved the Bureau Standards Washington 
and serve the fundamental standards length and mass the 
United States. the plan Committee inter- 
compare all the national meters and kilograms with the international 
prototypes regular intervals whenever considered necessary. 

“At the present time the International Bureau Weights and 
Measures supported jointly the following countries: The United 
States, Great Britain, Germany, Russia, France, Austria-Hungary, 
Belgium, Argentine Confederation, Spain, Italy, Mexico, Peru, Portu- 
gal, Roumania, Servia, Sweden, Norway, Switzerland, Venezuela, 
Japan, and Denmark.” 


The original meter and kilogram the were adopted standard 
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The question adopting the metric system has occupied the atten- 
tion Congress frequent intervals ever since the time 
Washington. 

John Quincy Adams emphasized the importance adopting the 
metric system 1821 during the time was President. 


Tue 


The following brief presentation the system will facilitate the 
discussion which follows, and will serve correct many erroneous 
impressions created the past biased misinformed persons. 

The fundamental unit the metric system the meter, which 
the unit length. From this the units capacity and weight were 
derived. 

Thus the gram the unit weight, and the liter the unit 
capacity. 

All other units are decimal subdivisions multiples these three 
which bear the following simple interrelation, g., for all practical 
purposes one cubic decimeter equals one liter, and one liter water 
weighs one kilogram. one cubic meter water measures one 
kiloliter and weighs ohe thousand kilograms one ton (metric). 

The metric tables are formed combining the words meter, gram, 
and liter with the six numerical prefixes, the following table: 


Prefixes. Meaning. Units length. Units Weight. Capacity. 


All the above abbreviations are according the code adopted 
the International Congress Weights and Measures. 

The square measure the square the length measure obtained 
substituting 100 the place ten the third column the table, 
100 The cubic measure similarly obtained 
thousand-fold relationship, thus 1000 

kg. weight $40.00 subsidiary silver coin. For land 
measure, 100 m.? called one are. 
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The corresponding English units are: qt. water 57.75 cu. 
in., and weighs Ib. oz. gr. avoir. acre 43560 sq. ft. 
208.71 ft. square. cord 128 cu. ft., ete. 

The various decimal multiples and subdivisions the metric units 
have received names merely for convenience and completeness the 
system. These designations afford choice between seven decimally 
related units for scientific purposes, while the ordinary walks 
life only few are used. Thus, one would express distance 
kilometers, hectometers, decameters, etc., down millimeters, though 


such nonsensical assertions are frequently offered arguments against 
the system. 


Any one unit sufficient and choose the one best suited 
specific purpose properly placing the decimal point. This not 
possible with English units except extensive mathematical manipu- 
lations. 

The general public would require only very few the units for 
ordinary commercial uses. The meter and kilometer are the common 
units length, used exactly now use the yard and mile. The 
kilogram the usual unit weight, although the half kilogram 
frequently called pound. The liter the unit for liquid measure 
and the are for land measure. Thus would have meters, kilo- 
meters, kilograms, liters, ares, and cubic meters corresponding re- 
spectively our present terms, yards, miles, pounds, quarts, acres, 
and cords. 

The metric system simple theory and practice that any one 
average intelligence can learn one hour. can think 
few days remembering that the meter only in. longer than 
the yard, the kilogram little over the ton approximately 
the same the long ton, and the liter differs very little from the 
quart. For ordinary purposes estimating, guess the metric 
unit would just good guess made its English equivalent. 


Tue Status THE THE UNITED STATES. 


“The Congress shall have power fix the standard 
weights and measures.” (Constitution the United States.) 


Metric System shall lawful throughout the 
United States America employ the weights and measures the 


metric system.” (Revised Statutes the United States, Sec. 3569. 
1866.) 
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Metric Standards Adopted office 
weights and measures will the future regard the inter- 
national prototype meter and kilogram fundamental standards, 
accordance with the act July 28th, 1866.” (Order approved the 
Secretary the Treasury, April 5th, 1893.) 

Foreign Postal Rates Based Metric Postmaster- 
General shall furnish the post-offices exchanging mails with foreign 
countries, and such other offices may deem expedient, postal 
balances denominated grams the metric system, fifteen grams 
which shall the equivalent for postal purposes, one-half 
avoirdupois, and progression.” (Revised Statutes the 
United States, Sec. 3880.) 

Metric Weights Used weight the half-dollar 
shall twelve grams and one-half gram; the quarter-dollar and 
the dime shall be, respectively, one-half and one-fifth the weight 
the said half-dollar.” (Revised Statutes the United States, 
See. 3513.) 

Congress Provides Metric Standards for the States the Union.— 
“Be resolved the Senate and House Representatives the 
United States America Congress assembled, That the Secretary 
the Treasury be, and hereby, authorized and directed fur- 
nish each State, delivered the governor thereof, one set 
the standard weights and measures the system for the use 
the States, respectively.” (Joint resolution Congress, approved 
July 27th, 1866.) 

United States Joins Establishing International 
high contracting parties engage establish and maintain their 
common expense, scientific and permanent international bureau* 
weights and measures, the location which shall Paris.” 
(Extract from convention 1875, signed for the United States the 
United States Ambassador France.) 

Congress Adopts the Metric Units for Electrical Measures.— 
was enacted the Senate and House Representatives that the 
international electric units based the system ‘shall the 
legal units electrical measure the United (Revised 
Statutes the United States, Supplement, Vol. Chap. 131, 1894.) 

Metric System Required the Medical Work the Navy Depart- 
metric system weights and measures shall hereafter 
employed the Medical Department the Navy.” (Order approved 
the Secretary the Navy, April 15th, 1878.) 

Metric System Required Medical Work War Department.— 
requisitions, invoices, receipts and returns, pertaining medical 
supplies will accordance with the system weights and 


This bureau has the custody the standards the metric system, 
which all metric pes the world are referred for verification. was established 
and maintained jointly all the principal governments the world. 
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measures. After the 30th day June, 1894, the use this system 
writing official prescriptions desired; and after the 1st day 
January, 1895, such use hereby ordered.” (Order approved the 
Secretary War, April 13th, 1894.) 

Metric System Made Obligatory Porto 

The use the metrical system weights and measures and 
its nomenclature are obligatory. 

Its use enforced all transactions, sales, contracts 

“3. Wholesale and retail mercantile establishments shall sell their 
goods the public conformably the metric system.” (Proclamation 
Military Governor, March 18th, 1899, Department Porto Rico.) 

Metric System Made the Legal System the Philippine Islands.— 
“The metric system weights and measures authorized Sections 
3569 and 3570 the Revised Statutes the United States and 
present use the Philippine Islands shall continued.” (Act 
No. 230, September 17th, 1901, Sec. Philippine Tariff.) 

Metric System Required United States Public Health and Marine 
Hospital shall, for all official, medical 
macal purposes, make use the metric system weights and meas- 
ures. expressing quantities weights the terms ‘gram’ and 
and expressing quantity measure the term 
centimeter,’ only shall employed.” (Regulation promulgated the 
President, November 21st, 1902.) 


thus geen that the metric system the adopted standard for 
the United States, and nearly all our ordinary American standards 
are present derived from the metric, while many standards such 
the electric units and the coinage are entirely metric. The law 1866 
fixes the length the foot specifying the legal equivalent, 
39.37 in. (exactly). This act thus increased the American foot 


0.004 mm. 0.00016 in., that our foot slightly different from the 
old British foot. 


ARGUMENTS FoR AND 


The principal arguments for and against adoption the metric 
system the United States they appear your Committee, may 
summarized follows: 


The Advantages Claimed Favor the Metric System are: 


simplicity the relations existing between the 
units length, area, volume and weight. This obviates effectually all 
the laborious manipulations growing out complex relations, and 
saves immeasurable amount time and labor all scientific 
commercial pursuits. 
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uniformity, which would follow the adoption 
the system England and the United States, all units 
measurement throughout the world. This the feature which 
specially calculated facilitate international commercial relations, 
vital our manufacturing industries. 

One Accepted unalterable and perfect prototype 
metric standards which exist all civilized countries make the 
accepted standard for the world. Therefore, matters not what other 
units might exist, they must all eventually expressed terms 
the metric units. 

One Mensuration mensuration table would answer 
all purposes all walks life and every nation the earth, 
instead the thousands units which are have been use during 
the past. School children would have learn only one set units, 
which would carry them through life, instead the many absurd and 
complex mensuration tables which they must now memorize, for- 
gotten before their life work undertaken. 

Decimal Relation—The decimal relation between the metric 
units offers inestimable advantage all scientific work and the arts. 
This mentioned last, though none the less important, since 
civilization measured the progress the sciences and the arts, 
and not the prejudices and whims the populace. 


The Objections Cited Against the Adoption the Metric System 
are Usually These: 


Expense and expense and inconvenience 
attending any change our present units measurement. 

One Additional System.—The metric system would one more 
system added the many already use. This common mis- 
conception, betraying gross ignorance the whole subject. The plan 
adopt one system which will fulfill all human requirements, and 
relinquish all other systems the relics the past. 

Antagonistic Public public opinion has 
been brought about unwarranted efforts the part some manu- 
facturers who believe that their immediate pecuniary interests might 
suffer. Here again, the lack understanding prompts action which 
harmful the future welfare and prosperity the nation. 
Such shortsightedness results not only future pecuniary loss, but 
retards the general progress the world. 
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The Congress, which has considered many measures looking toward 
the adoption the metric system, has given more weight the petty 
objections few money interests than the concerted arguments 
and efforts the scientific world. All this the face favorable 
recommendations the committees weights and measures the 
several bills considered various times. 


The many arguments variously presented against the metric system 
betray wonderful lack real knowledge the subject. Therefore, 
intelligent discussion one who has had many years practical 
experience with the workings the system should commend itself 
every person interested progress. 

The metric system longer experiment, but has stood the test 
time, and constantly growing favor despite the most energetic 
opposition waged certain branches industry. Even this opposition 
gradually waning the people become more enlightened and better 
learn understand their own interests. 

Who would want return the English monetary system after 
having used the American decimal system? 

What metric country all the world would willing give 
the system after having experienced the immense advantages 
accruing from its adoption? 


Prejudice, indifference, and adverse lobbying, far, constitute the 


only reasons why Congress has not made the metric system the only 
legal system the United States. 

England, Russia, and the United States are practically the only 
countries the world. 

The attitude England indicated the fact that 1900 there 
were Members Parliament favor the metric system, and 
1906 this number had increased 414, while vote 1907 barely 
failed passing the bill for adoption. 

Russia has done everything possible prepare for the change, and 
this respect rapidly approaching the point when the metric system 
can exclusively adopted. The question there depends entirely 
the educational standard the common people. The metric system 
has been taught all schools for many years past, and 
generally bought and sold this system. Hence Russia practi- 
metric country. 
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the United States this system taught colleges, some high 
schools and few public schools, but generally without due considera- 
tion its ordinary every-day applications. the great obstacle 
progress, for the system should taught every graded school 
the fundamental system all weights and measures, and all other 
mensuration tables should taught separately, and without transla- 
tion figures, incomprehensible most children. 

The subject decimals should thus combined with the metric 
system units, and, owing its simplicity, this should precede the 
teaching common fractions and English units. 

claimed experts the subject education that 
average two years would saved the education each and every 
child the metric system alone prevailed. 

Whether this estimate accurate vague must admitted 
that, where the metric system only prevails and taught, the students 
have enormous advantage over those who are obliged study Eng- 
lish units, that the benefit positive quantity enduring from 
childhood old age. 

wait for public demand matters this kind exposition 
weakness, and shows absolute lack progressiveness. 

Having established the manifest advantages the system, the 
public interests are best served its compulsory adoption. Also, 
prevent chaotic confusion which would follow non-observance such 
act, the law must provide penalty case violation. 

recent years the greatest opposition the metric system has 
come from the textile industries, various manufacturers and mechani- 
cal engineers, and misinformed biased technical press. 

The Government business generally, and all its depart- 
ments, the Custom-house and Post-office, all are using the metric 
system partly entirely according the extent made possible 
the various acts Congress. 

The entire field electricity and chemistry almost exclusively 
and many branches the applied sciences and the arts are 
rapidly becoming this country. 

Where commercial relations with foreign countries bring about 
conflicting conditions, the textile industry, dualism units 
the necessary evil. Thus, where raw products are largely fur- 
nished America and England, and the manufactured products from 
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Germany and France are sold back the former, such condition 
will continue exist until the United States and England adopt the 
metric system. 

Similarly, the mechanical departments the Mexican railways are 
reported using English units because they are almost entirely 
dependent the United States for supplies, rolling stock, besides, 
these roads are largely owned English and American capital. 

The United States Custom-house must translate all units im- 
ported articles, except those from England. The commercial interests 
involved foreign trade are now supplying handbooks which the 
equivalents are expressed both metric and English units. 

The Carnegie Steel Company and Illinois Steel Company, 1905, 
published book “Rails and Fastenings” which metric and 
English units are used throughout. Dimensions inches are trans- 
lated into millimeters and hundredths. This very unnecessary 
accuracy, because rolled sections are never intended closer than 
within the theoretical area, and hence dimensions were given 
the nearest half millimeter would close enough for practical 
purposes. This mentioned because common mistake which 
many people make such translations. 

Following out this idea, Mr. Halsey, December, 1902, gave 
equivalents pipe sizes hundredths millimeters, when 
actual sizes differ from the nominal much in. 

illustrate the practical simplicity metric pipe system, with- 
out changing the thing itself, and still retaining reasonably accurate 
equivalents, the following table constructed. 


INCHES. MILLIMETERS. 


Nominal Actual Actual Nominal Actual Actual 
inside outside inside inside outside inside 
diameter. diameter. diameter. diameter. diameter. diameter. 


0.405 
0.540 
0.675 
0.840 
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The even nominal metric sizes are nearly every case nearer the 
actual sizes than are the nominal inch sizes the first column. 

like manner, tables round, square, and other steel shapes can 
expressed whole millimeters with sufficient accuracy come 
within the actual variations trade sizes, that with allowable 
variation sections, change the metric system would 
change name only. 

Throughout the commercial world the great majority manu- 
factured articles would remain absolutely unaffected change 
units measurement, because commercial sizes are nearly always 
nominal, and suitable metric dimension can always found which 
will satisfy all requirements. 

Other articles requiring great accuracy dimensions, such 
templates and gauges, will just readily dimensioned milli- 
meters inches. Thus 1.2487 in. 31.717 mm. with equal 
accuracy for each. 

Hence, such cases, gauges are usually designated abstract 
numbers, done for most standards such wire, sheet metals, 
etc., 

pattern template always retains its value, matter whether 
was built inches millimeters, and when the dimensions 
drawing are once converted, which readily accomplished with 
tables, the difficulty solved and the machine work unchanged. 
Absolute dimensions, when expressed millimeters, will generally 
simpler than when they are given inches and vulgar fractions, 
especially when remembered that 0.1 mm. 0.0004 in., beyond 
which rarely necessary any machinery, except instru- 
ments high precision. 

Wire gauges, plate thicknesses, etc., can converted into metric 
equivalents with impunity. These standards could not well more 
nonsensical, and cannot remembered, because the numerals are 
entirely arbitrary. The metric sizes are decided 
the inch standards. 

Hence the opposition the metric system, frequently waged 
manufacturers rolling mills, not well founded because their 
templates, rolls, would all good and could continued use 
until worn out, this proved desjrable. 
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Regarding the screw threads, there are many reasonable objections 
changing over the metric threads, and may require many years 
before the English threads can entirely displaced, account 
renewals and repair work. 

However, the same lathe will cut both threads with equal facility, 
that new work could made while English threads could 
cut whenever required. For many years the English thread re- 
mained standard France and Germany after they had become 
metric countries. But now the metric standard universally used. 

making technical drawings, one unit usually sufficient for 
whole sheet. For this purpose convenient unit chosen and note 
added the effect that “all dimensions are centimeters,” 
millimeters, the case may be. English measures, feet and inches 
are generally used, and then each dimension marked feet, inches, 
and fractions inch. shop drawings the system 
great time saver, effectually does away with vulgar fractions and 
multiplicity units the same sheet. 

The scales metric drawings are always expressed simple 
ratio 1:10, 1:20, 1:25, 1:30, 1:50, 1:100, and the same 
graduation answers for all relations differing ten times. Thus the 
1:10, 1:100 and 1:1000 are all taken from one graduation. 
Hence four different graduations will supply about all the scales 
common use. 

During the past years nearly all surveys made under the 
Corps Engineers, Army, especially the Great Lakes and 
the work the Mississippi River Commission and the Coast 
and Geodetic Survey, have been made the system, though 
the charts were all published with feet and metric scales. 

1902 and 1903 Congress considered metric measure bill and 
the Geological Survey requested exemption from the bill. 
difficult reason for this the face the ex- 
perience the other Governmental Bureaus conducting similar work. 

All good textbooks are revised with sufficient frequency, that 
the change metric units can made without any pecuniary loss. 

The divisions the quadrant require change, because all 
processes involving angular functions require for their 
solution the use logarithms natural functions, whether the 
decimal sexagesimal system used. The decimal quadrant much 
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used Germany, though there particular advantage over the 
old system. great many instruments and measuring machines can 
altered the metric system regraduating the limbs. 

long the sexagesimal circular divisions are retained, all sur- 
veying instruments will remain unaffected, except rods and tapes, and 
these will well worn out long before change required. 

While the common people certainly have voice this matter, 
yet those having the greatest labors perform should have the deter- 
mining decision choosing the system units. matters little 
whether the farmer sells bushels hectoliters; the grocer pounds 
English half-kilograms, which are called metric pounds. The dry- 
goods merchant can sell yards meters with equal rapidity. 

Aside from slight temporary inconvenience, every case 
merely matter price, and those having goods for sale will very 
soon fix the scale prices. Because some minds have become 
matured and have passed the point studying new methods, which 
say they cannot will not learn the metric system, valid 
reason why should not adopted, and nearly all cases the objec- 
tions offered are founded other reason. 

During the years 1887 1890 one member your Committee 
resided Germany, being there engaged railway construction work. 
During these years found nothing but the metric system used, even 
the most remote rural districts and among some very ignorant 
peasantry. This merely cited refute the statement frequently 
seen American print, that the system never was thoroughly 
introduced into Germany. 

Regarding the commercial attitude toward the metric system, your 
Committee would cite the case twenty locomotives built the 
Baldwin Locomotive Works, 1907, using the system ex- 
clusively, described the New York Herald, Sunday, June 16th, 
1907. Mr. Samuel Vauclain, Vice-President these works, reply 
inquiry from your Committee, states that there was greater 
difficulty working the metric system than the English system. 
fact, was found somewhat easier, and the workmen were less 
likely make mistakes. Mr. Vauclain further states that they could 
change the metric system use both systems without incurring 
any appreciable expense the time, and adds his opinion that, were 
all using the metric system, would much more convenient 
the workmen, and our errors would appreciably lessened. 
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Several German, French, and Belgian rolling mills have entered 
the American market, and are selling rails and structural shapes 
American sections and American quality, which are being rolled 
their metric rolls and imported into the United States. These 
concerns have established New York agencies, and advertise make 
deliveries within weeks, depending specifications, and that 
they carry stock New York for immediate delivery. 

foreign concern with all metric rolling equipment can afford 
roll American sections, ship them miles and pay duty thereon, 
and offer them competition with American steel, then why cannot 
American mills roll metric sections here home? 

regard the educational status, your Committee quotes the 
following letter from Mr. Elmer Ellsworth Brown, Commissioner 


the Bureau Education, Department the Interior, Washing- 
ton, C.: 


1907. 
“Mr. Stacy 


“1931 Broadway, 
“New York, 


your inquiry the 2nd instant regard- 
ing the status the Metric System Weights and Measures the 
United States the present time, beg say that this office has very 
little data its disposal relative this subject. 

“School generally devote some space the Metric 
System, either the body the book, application the 
decimal system, appendix. Information the extent 
which the system actually taught, however, very meager. The 
only definite report the subject hand, that made 1904 
committee the Eastern Association Physics Teachers, covering 
the graded schools New England, and printed with comments 
brief article School Science and Mathematics, Vol. pp. 284-5 
(April, 1905). The article and comments are follows: 

Teaching New England. The Eastern Association 
Physics Teachers last year appointed committee inquire into the 
extent the teaching the metric system the graded schools 
the leading cities New England. The report follows, accompanied 
teachers’ objections. Answers those objections are also appended. 
given the Chairman Mr. Fisher. 
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Returned. 


returns, 62. 
yes, about 55. 

Lack time. 

demand. 

Not practical system. 

object teach it. 

Too slow process. 

Easily forgotten. 

More easily learned more advanced age, e., High 
School where used. 

judge from the per cent. returns, which very large, 
might justly inferred that the subject considerable interest 
the present time educational circles. 

papers stated that was not now taught, but would most 
certainly put into the course study for the coming year, e., 
this present school year. 

reply the objections briefly their order may said: 

Introduce the Metric System instead some the worthless 
tables denominate quantities now taught, as, for example, Troy 
Weight, English Money, Surveyor’s Measure and others, for there are 
several. 

are wait for public demand,.then are weak and 
lack progressiveness. 

Ignorance the system. 

Tgnorance the system. 

Find material for drill work with decimals; for science 
work; teach the coming generation that there far superior 
system for measuring; and, knowing it, appreciate it, and demand, 
necessary, its introduction into our graded schools. 

false statement, know from experience, having taught 
the system, not only students secondary schools, but also 
children graded schools. 


Yes. 
e 
he igs 
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argument which may applied many subjects. 
Doubted, however, applied this subject, readily taught 
our graded schools. 

above replies are few and brief. Many others may ad- 
vanced and large quantities facts and experiences cited prove the 
desirability the universal introduction this subject into our 
graded schools. 

the committee, 
Epwarp 


“From Mr. Fisher’s figures appears that Vermont leads the list 
with 83% those who the system, while Rhode Island 
stands the foot with 22%, the order being: Vermont 83, New 
Hampshire 70, Maine 56, Massachusetts 53, Connecticut 50, Rhode 
Island 22. supposable that most the schools from which 
reply was received not teach the system, otherwise they would have 
replied. this true, the actual percentage would stand much below 
that given, the total that case falling 34%, about one 

“The fact that the three most northern states give the highest 
percentage though farthest from the great centers, shows not greater 
educational progress, but rather persistence custom. Probably the 
graded schools almost all the leading cities each these 
states have, one time another, included the metric system 
their curricula. Take Boston, for example. Through the influence 
Superintendent Schools, John Philbrick, and Melvil Dewey 
the American Metric Bureau, the system began its course the 
graded schools that city 1878, but, the dictum 
Francis Walker, then President the Massachusetts Institute 
Technology, this teaching was discontinued the lower grades 
1887, and relegated the high schools, which, ever since, has 
taught only such classes—with rare exceptions—as take 
Physics and Chemistry. Walker’s idea was only teach the practical 
subjects, his telling argument being that not one graduate three 
hundred ever had occasion use the metric system. Thus one one 
many cities have followed suit. 

have taken the liberty referring your letter the Bureau 
Standards, Department Labor and Commerce, with request that 
they furnish you with such data have been gathered that office. 

“Very respectfully yours, 
“ELMER Brown, 
“Commissioner.” 


This letter interesting showing the lack progressiveness 
manifested the schools generally throughout the country, and 
emphasizes the necessity for stringent educational measures the part 
State legislatures. 
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The chief difficulty this country appears lack appre- 
ciation and understanding the metric system the part the 
American people. those acquainted with its merits there 
question choice, and 90% all objections made come from those 
who could answer their own doubts devoting few moments 
serious thought. 

must acknowledge marked lack energy and progressiveness 
for our nation when reflect the slow progress which has crowned 
the efforts those striving introduce such worthy measure our 
statute books. The metric system actual use every civilized 
nation the earth except England, Russia, the United States, and 
Montenegro. All these countries have legalized the system, but have 
defeated its real usefulness not making the only legal system. 

great mistake agitate favor long transition period. 
This would mean long period “everybody you please” with 
the outcome that nobody would anything toward adopting the new 
system until the time fixed had expired. Such law would for- 
gotten before ever became operative. The Government had this 
same experience years ago when the railroads were ordered equip 
all freight cars with automatic couplers and continuous brakes. The 
railroads did nothing toward complying with the law until the allotted 
five years had expired. This time was extended two years and seven 
months during which period most cars were equipped. 

Our commercial supremacy among nations depends consider- 
able extent whether act first and let England follow whether 
will play the part “follow the leader.” 

Every live business man should see and appreciate this position, and 
should exercise every possible means impress upon our lawmakers, 
generally, the vital importance jmmediate action. 

not new and untried experiment which here advocated, 
but should regarded timely step the right direction. 
are “tied irrevocably the past” then this effort vain, but 
are what think are, powerful factor the world’s com- 
merce and manufactures, then let act without delay. 

The immense amount time and money thus far expended, com- 
bined with the united efforts the world produce system 
primarily intended best satisfy all human wants, has resulted 
the compulsory introduction the metric system into all civilized 
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countries excepting England, Russia, and the United States. 
would lasting and unpardonable disgrace the name our 
glorious republic, which stands out for measures progressiveness 
and high ambitions, obstruct the ultimate achievement this 
grand undertaking, the international unification standards 
measurement. 

LEGISLATION. 


the interests enlightenment the general community, each 
State should pass law the effect that from and after the. date 
passage such act, the metric system weights and measures shall 
taught all public and private schools every grade beginning 
with the youngest pupils, requiring the teaching graphic 
method the primary effort, the translation into English units 
computation the secondary effort; insure uniformity and practi- 
cal usefulness this work, the subject should taught prescribed 
and regulated the National Bureau Standards Washing- 
ton, 

The Congress should assert its authority clear and unmistakable 
language that from and after certain date (allowing not over five 
years from date passage) the International metric system 
weights and measures shall the only lawful standard throughout 
the United States, its territories and possessions, and that failure 
comply with this act shall punishable fine imprisonment 
both the court may direct. 

Respectfully submitted 
Stacy Jr., Chairman, 


Committee. 
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PRIVILEGES ENGINEERING SOCIETIES 
EXTENDED MEMBERS THE 
AMERICAN SOCIETY CIVIL ENGINEERS 


Members the American Society Engineers will wel- 


comed the following Engineering Societies, both the use their 
Reading Rooms and all Meetings: 


American Institute Mining Engineers, West Thirty-ninth 
Street, New York City. 

dos Engenheiros Civis Portuguezes, Lisbon, Portuyal. 

Australasian Institute Mining Engineers, Melbourne, Victoria, 
Australia. 


Boston Society Civil Engineers, 715 Tremont Temple, Boston, 
Mass. 

Brooklyn Engineers’ Club, 197 Montague Street, Brooklyn, 

Canadian Society Civil Engineers, 877 Dorchester Street, Mon- 
treal, Que., Canada. 

Civil Engineers’ Club Cleveland, 718 Caxton Building, Cleveland, 
Ohio. 

Civil Engineers’ Society St. Paul, St. Paul, Minn. 

Cleveland Institute Engineers, Middlesbrough, England. 

Engineers’ and Architects’ Club Louisville, Ky., 303 Norton 
Building, Fourth and Jefferson Streets, Louisville, Ky. 

Engineers’ Club Baltimore, Baltimore, Md. 

Engineers’ Club Central Pennsylvania, Corner Second and 
Walnut Streets, Harrisburg, Pa. 

Engineers’ Club Philadelphia, 1317 Spruce Street, Philadelphia, Pa. 

Engineers’ Club St. Louis, 3817 Olive Street, St. Louis, Mo. 

Engineers’ Society Western Pennsylvania, 803 Fulton Building, 
Pittsburg, Pa. 

Institute Marine Engineers, Romford Road, Stratford, Lon- 
don, E., England. 

Institution Engineers the River Plate, Buenos Aires, 
gentine Republic. 

institution Naval Architects, Adelphi Terrace, 
C., England. 

Junior Institution Engineers, Victoria Street, Westminster, 
W., London, England. 

Koninklijk Instituut van Ingenieurs, The Hague, The Netherlands. 

Louisiana Engineering Society, 604 Tulane-Newcomb Building, 
New Orleans, La. 

Memphis Engineering Society, Memphis, Tenn. 


London, 
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Institute Mining, Civil and Mechanical Engineers, 
Sheffield, England. 

Montana Society Engineers, Butte, Montana. 

North England Institute Mining and Mechanical Engineers, 
Newcastle-upon-Tyne, England. 

Oesterreichischer Ingenieur- und Architekten-Verein; Eschen- 
bachgasse Vienna, Austria. 

Pacific Northwest Society Engineers, 617-618 Pioneer Building, 
Seattle, Wash. 

Rochester Engineering Society, Rochester, 

Sachsischer Ingenieur- und Architekten-Verein, Dresden, Ger- 
many. 

Sociedad Colombiana Ingenieros, Bogota, Colombia. 

Societe des Ingenieurs Civils France, Rue Blanche, Paris, 


France. 
Society Engineers, Victoria Street, Westminster, W., 
England. 
Svenska Teknologforeningen, Brunkebergstorg 18, Stockholm, 
Sweden. 


Tekniske Forening, Vestre Boulevard Copenhagen, Denmark. 
Western Society Engineers, 1737 Monadnock Block, Chicago, 


SEARCHES THE LIBRARY 


January, 1902, the Secretary was authorized make searches 
the Library, upon request, and charge therefor the actual cost 
the Society for the extra work required. Since that time many searches 
have been made, and bibliographies and other information special 
subjects furnished. 

The resulting satisfaction, the members who have made use 
the resources the Society this manner, has been expressed fre- 
quently, and leaves little doubt were generally known the 
membership that such work would undertaken, many would avail 
themselves it. 

The cost trifling compared with the value the time en- 
gineer who looks such matters himself, and the work can per- 
formed quite well, and much more quickly, persons familiar with 
the Library. 

asking that such work undertaken members should specify 
clearly the subject covered, and whether references general 
books only are desired, whether complete bibliography, involving 
search through periodical literature, desired. 

reference this work the Appendix* the Annual Report 
the Board Direction for the year ending December 31st, 1906, con- 
tains summary all searches made that date. 


Proceedings, Vol. XXXIII, (January, 1907). 
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ACCESSIONS THE LIBRARY 
(From September 9th October 13, 1908) 


DONATIONS* 
CONCRETE (STRUCTURAL ENGINEERING, BOOK TWO). 


Edward Godfrey. Leather, in., illus., 448 pp. Pittsburg, 
The Author, 1908. $2.50 net. 


The first the four general divisions into which this work divided en- 
titled Survey the Field Concrete Design and Construction, Which Will 
Found Some Theses.” This part consists discussions the properties, treat- 
ment and use cement, lime, stone, sand, and other ingredients that are used 
concrete construction, together with chapters steel for reinforced concrete, the 
finishing concrete surfaces, and forms for concrete work, etc. The second part 
consists series articles the author Beams and Slabs. Columns and 
Footings, and- Retaining Walls, which articles were first published Engineering 
News various times during 1906. There are also letters from engineers 
criticising these articles and the author’s replies these criticisms. The third part 
consists eight articles reinforced concrete construction which were published 
Concrete Engineering during 1907, together with letters from engineers concern- 
ing the same and the author’s replies. The fourth and last part the book con- 
sists drawings showing piers, small arches, culverts, etc., illustrating 
rent practice. These drawings have been taken from the current engineering peri- 
odicals and show actual structures. There index three and one-half pages. 


HIGHWAY ENGINEERING. 


Chas. Morrison. Cloth, in., illus., 315 pp. New 


York, John Wiley Sons; London, Chapman Hall, Limited, 
1908. $2.50. 


The object this work, stated, outline and emphasize the basic 
principles essential good highways. was prepared the author text- 
book for the second-year students the Department Civil Engineering Co- 
lumbia University, and, therefore, not reference work the subject. The 
Contents are: Road Resistances; Earth Roads; Gravel Roads; Broken-Stone Roads; 


Miscellaneous Roads; Street Design; Stone Pavements; Brick Pavements; Asphalt 
Pavements; Modern Wooden Pavements. 


THE PRINCIPLES AND PRACTICE SURVEYING, VOLUME 


Higher Surveying. Charles Breed, Assoc. Am. Soc. E., 
and George Hosmer. Oloth, in., illus., pp. New 


York, John Wiley Sons; London, Chapman Hall, Limited, 
1908. $2.50. 


The first part this work—Volume “Elementary 
1906, and its third edition. Volume II, stated, consideration 
the various methods conducting topographic and hydrographic surveys, the 
subjects being arranged with view and treating them connected 
manner. The subject-matter divided into four parts: The Control the Sur- 
vey, under which, stated, the subject geodetic surveying treated from the 
standpoint practical surveyor. II. Filling Topographic Details. under 
which; according the preface, the methods making topographic surveys, in- 
cluding the stadia, plane-table, and methods are outlined. III, Hydro- 
graphic Surveying and Stream Gauging, which treats, stated, the common 
methods conducting river and harbor surveys. IV, Constructing and Finishing 
which “the details making conventional has been described, 
with some consideration use landscape plans.” There also 
Appendix which Specifications for Topographical Maps are given. 


otherwise this list have been donated the 
publisher, 
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DYNAMO-ELECTRIC MACHINERY. 


Authoritative Treatise the Theory, Constructive Details, 
Calculation, Characteristic Curves, and Design Dynamo-Electric 
Machinery. Francis Crocker. Cloth, in., illus., 235 pp. 
Chicago, American School Correspondence, 1908. $1.50. 


This book one series handbooks. each which written 
well-known expert acknowledged authority his special line, and based 
most careful study practical needs and up-to-date methods.” The chapter head- 
ings are: Fundamental Principles Generators; Various Classes 


Calculations and Characteristic Curves; Construction Direct-Current Generators. 
There index five pages. 


MANUAL REINFORCED CONCRETE 


And Concrete Block Construction. Charles Marsh, Am. 
Soe. E., and William Dunn. Morocco, in., illus., 290 


pp. New York, Van Nostrand Company, 1908. $2.50. (Presented 
Mr. Marsh.) 


The object this book, stated the authors. give, the form 
handbook for everyday use, the methods used the design, construction and super- 
vision reinforced concrete work. The tables and drawings have been made 
conform with the recommendations the Reinforced Concrete Committee appointed 
the Royal Institution British Architects. The tables include data for 
obtaining earth and grain pressures, etc.. and the diagrams give the safe load 
slabs various thicknesses, spans, and reinforcements. strengths 
columns, The Contents are: Materials; Construction; Waterproofing and Fire 
Resistance; Loads, Bending Moments, etc.; Calculations; Hollow Concrete 
Tables, Diagrams and General Information. There index six pages. 


ELEMENTS RAILROAD TRACK AND CONSTRUCTION. 


Winter Wilson. Cloth, in., illus., 320 pp. New 


John Wiley Sons; London, Chapman Hall, Limited, 1908. 
2.00. 


The author states that details practice can much more readily learned 
from actual exnerience. bas presented this volume only the fundamental 
railroad track and construction. order that the engineering student 
mav form general idea the The chapter headings are: History 
Railroads the United States; Permanent Way; Sidetracks, Yards, 
Terminals. Maintenance Way; Railroad Construction; Trestles; Cul- 
verts; The Subgrade. There index six pages. 


CONCRETE SYSTEM. 


Frank Gilbreth. Morocco, in., illus., 182 pp. New 
York, The Engineering News Publishing Company, 1908. $5.00. 


stated the that the work neither textbook nor treatise 
but printed set instructions from the avthor his field forces—a 
gradual accumulation his orders, cautions, reprimands, suggestions for securing 
best and best output speed. successive concrete jobs. these in- 
structions, which have arranged and classified, certain other matter has been 
added. such the accepted standards for cement, the most used specifica- 
tion for cement. rules for conducting fire tests concrete constructions, The 
Contents are: Part Rules and Instructions: General Outlines the Concrete 
System; Rules; Forms; Reinforcement; Mixing; Transportation; Con- 
Cast Stone: Making. Jetting, and Driving Corrugated 
Concrete Piles; for Making Waterproof Fire Tests Concrete 
Constructions. Part II, Progress Photographs Successful Concrete Work. 


Affairs. 


bound vol. 

Am. Ceramic Soc. vol. 

Am. Inst. Engrs. bound vol. 

Am. Ry. Eng. and Assoc. 


Atchison, Topeka Santa Ry. Co. 
pam. 
Australasian Inst. Min. Engrs. vol. 
Belzner, Theo. vol. 
Berlin Kgl. Technische Hochschule. 


pam. 
Binghamton, Y.—Board Health. 
pam. 
sheet. 


Bolton, James. 
India—Public Works Dept. 


vol. 

Boston Maine Co. pam. 

Brooklyn Rapid Transit Co. pam. 

Camden, J.—Water Dept. pam. 

Canada—Commrs. Transcontinental 
Ry. pam. 

Canada—Geol. Survey. bound vol. 

Ry. Lands Branch. 
bound vol. 

Charleston, C.—Dept Health. 


pam. 

Chicago, Public Works. 
vol. 

Chicago North Western Co. vol. 

Chicago, Louisville Ry. 


Co. 
Chicago, St. Paul Ry. Co. 


1 pam. 

Chicago, St. Paul, Minneapolis Omaha 
Ry. Co. pam. 

Chittenden, bound vol., pam. 

Clarke, bound vol. 

Colo.—State Board Health. vol. 

Colo. Southern Ry. Co. 

Colorado Springs, Colo.—Dept. 


pam 

Danzig, Germany, Kgl. Technische Hoch- 

schule. pam. 
Dayton, Ohio—Dept. Water. pam. 
Denver Rio Grande Co. vol. 
Eng. Societies Purdue Univ. vol. 
Fisk Robinson. pam 


pam 


Scotland Ry. Co. 

Highland Ry. Co. 
Hocking Valley Ry. pam. 
Illinois—State Geol. Survey. pam. 
Indiana—State Geol. bound vol. 


pam. 


Inst. Min. and Metallurgy. bound 
vol. 
Inst. Naval Archts. bound vol. 


State Coll. Agriculture and Me- 
Arts. vol. 

Iron and Steel Inst. bound vol. 

Kanawha Mich. Ry. Co. pam. 

Lehigh Valley Co. pam. 


Gifts have also been received from the following: 


ACCESSIONS THE LIBRARY 


Maine Central Co. pam 

Millard Constr. Co. bound vol. 

Minneapolis, St. Paul Sault Ste. Marie 
Ry. Co. pam. 

Missouri, Kansas Texas Ry. 


pam. 
Nashville, Chattanooga St. Louis Ry. 
Co. pam. 


Nat. Fire Protection Assoc. pam. 
New Bedford, Board. 
pam. 
New and Water 
Board. 


New South 
Govt. Railways. vol. 

New York City—Comptroller. vol. 

New State—Public Service Comm. 

am. 

New State—Public Service Comm., 
First District. bound vol. 

New York, New Haven Hartford 


Commr. 


Co. pam. 
New York, Ontario Western Ry. Co. 


pam. 

Norfolk Western Ry. Co. 
North British Ry. Co. 
Owen, James. pam. 
Purdue Soc. Civ. Eng. vol. 


Reading Co. 


vol. 
Soc. New South Wales. vol. 
St. John, B.—Water and Sewerage 
Dept. pam. 
St. Louis Ry. Co. pam. 
Salt Lake City, Utah—City Engr. vol. 
Sao Paulo (State), 
Geographica Geologica. vol. 
Scherzer Rolling Lift Bridge Co. vol. 
Smithsonian Institution. pam. 
Soc. for the Promotion Eng. Educa- 
tion. pam. 


Thrupp, Edgar Charles. pam. 
Toledo Ohio Central Ry. Co. pam. 
Toledo, Peoria Western Ry. Co. 


pam. 
pam. 


pam. 
Underwriters Laboratories, Inc. pam. 
and Geodetic Survey. 


pam 
S.—Engr. School. pam. 
Survey Office. pam. 
S.—Supt. Documents. bound vol. 


Univ. Ariz. Agri. Exper. Station. 


Univ. Minn. Exper. Station. 

Wauters, Carlos. vol. 

vol. 


pam. 
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PURCHASE 


Compressed Air Plant for Mines. Robert Peele. New York, 
John Wiley Sons; London, Chapman Hall, Limited, 1908. 


Dictionary Applied Chemistry. Thorpe. vol. Lon- 
don, Longmans, Green Company, 1905. 


The Mineral Industry: Its Statistics, Technology, and Trade during 
1907. Ed. Ingalls. Vol. XIV. New York, Hill Publishing Com- 
pany, 1908. 


The Petroleum Industry Southeastern Illinois. Blatch- 


ley. Illinois State Geological Survey, Bulletin No.2. Urbana, University 
1906. 


SUMMARY ACCESSIONS 
From September 9th October 13th, 1908 


Donations (including 159 


Affairs. MEMBERSHIP—ADDITIONS 439 


MEMBERSHIP 


ADDITIONS 
(September 9th October 13th, 1908) 


Henry. Chf. Engr. Augustus Smith, 149 


Chf. Engr., Sio Paulo Tramway, Light 

Power Co., Ltd., Santo Amaro, Paulo, Brazil... July 1908 
ASA WHITE KENNEY. Apartado Dec. 1906 
CARPENTER, ALLAN Engr. Jun. Mar. 1901 
Grand Central Palace, New York Sept. 1908 


CLERMONT, JOHN Engr. Bldg. 
Constr. with the Hedden Constr. Co.; 
Supt. the Constr. the Met. Life In- May 1904 
surance Bldg. and Tower, Madison Ave., Oct. 1908 


FAIRCHILD, SAMUEL Epwarps, Jr. Civ. and Min. 


1904 


Engr. (Fairchild Gilchrist), 306 Frank- Oct. 1908 


lin Bldg., Philadelphia, 
WILLSON. Agt., Union Oil Co. 


July 10, 1907 
California, Apartado 288, Panama, Pan- 


Sept. 1908 
CHARLES Div. Engr. Assoc.M. Feb. 1900 
GREENE, Maxson. With Am. Bridge Co., Assoc. June 1898 
Jun. Mar. 1894 
Mason, (Hurley-Mason Co.), Assoc.M. May 1899 
1126 Board Trade Bldg., Portland, Ore. Sept 1908 

Care, The Brown Hoisting Machin- 


Morris, WILLIAM CULLEN. Engr. Constr., Consolidated 

Gas Co., and The Astoria Light, Heat Power Co., 

Reclamation Service, Glendive, Mont Sept. 1908 

R., Walnut St., East Providence, I......... Oct. 1908 
CHANDLER. Cons. Engr., Assoc.M. Sept. 1899 
Park Ave., New York City 
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ASSOCIATE MEMBERS. 


ALLEN, Care, Archbold-Brady Co., 
AMBURN, WILLIAM WESLEY. Montavilla Station, Portland, 
LAWRENCE CALVIN. New Paltz, Ulster Co., Y.... 
Engr., Koken Iron Works, St. 
REGINALD. Care, State Water Supply Comm., 
Davis, Carnot. Res. Engr., Res. No. Champlain 
JAMES Prin. Asst. Engr., Porto Rico Irrig. 
Gray, WILLIAM 1527 Garvin Louisville, Ky.... 
Gross, CHARLES 1600 Arch St., Philadelphia, 
Hart, REUBEN CHARLES. Howes Blk., Clinton, Iowa...... 
GEORGE ALBERT. Bedford, Ind............. 
Guy Civ. Engr. and Surv., Jun. 
Lewis Cordts Bldg., Kingston, Y.... 
Koon, Ray EMERSON. 823 Scarritt Bldg., Kansas City, Mo. 
LARRISON, GEORGE Asst. Engr., Bureau 
Public Works, Manila, Philippine Islands 
McCLELLAND, CLAUDE LESLIE. 


Railroad St., Cohoes, 


Assoc. 
Asst. Engr., Coal Coke Co., 


mingo 


TAYLOR, JACKSON, JR. 
Asst. Engr., Minneapolis Mill 
ZIMMERMANN, WALTER Contr. Mgr., Am. Bridge 
Co. Y., Candler Bldg., Atlanta, 


ASSOCIATES. 


JOHNSON, ARTHUR AUGUSTINE. Sanford Ave. and St., 
ALFRED EPHRAIM. Engineering News, 220 
Broadway, New York City............. 
FRANCIS VINTON. Pres., Smith Contr. Co., 


327 West 78th St., New York City 


[Society 
Date 
Membership. 

1908 
Sept. 1908 
Oct. 1908 
Oct. 1908 
July 1908 
Oct. 1908 
1908 
Oct. 1908 
Sept. 1908 
Sept. 1908 
Sept. 1908 
June 1907 
1908 
1908 
Oct. 1908 
July 1908 
Oct. 1908 
April 1901 
May 1902 
Sept. 1908 
Oct. 1908 
1908 
Oct. 1908 


1908 
1908 
1908 


1908 


Jun. 
MANN, JOHN LAROY. 
Sept. 
Oct. 
Sept. 


ADDRESS 


JUNIORS. 
BEEBEE, RALPH 551 University Ave., Palo Alto, 


CALDER, JOHN WEBSTER. Rens. Poly. Inst., Troy, Y.... 
CHAPPELL, CLAUDE 120 Foster Ave., Benton Har- 

CoLGAN, ROBERT 226 St., Harrisburg, Pa.... 
ENGLE, CHARLES ALGERNON. Care, Reclamation Ser- 

Iowa State Coll., Ames, Iowa.... 
FRAZER, JOSEPH Casilla No. 53, Oruro, 
GREENE, 659 Burchard St., Watertown, 
Gross, 2456 Derby St., Berkeley, Cal.... 
608 9th St., Kansas City, Mo.. 
WESLEY WINANS. 5895 Van Verson Ave., St. 

JOHNSON, Davip 245 Hewes St., Brooklyn, 
JOHNSTON, ANDREW CRAWFORD. 215 Second St., Huntingdon, 


Francis WILLIAM. Barge Canal Office, Lyons, 

Miran. 2048 Union St., San Francisco, Cal... 
PECK, JOHN Curtis Auburn, Y.......... 
LyNN 3720 Locust St., Philadelphia, Pa... 
RALPH JOHN. Huntington Beach, Cal.............. 


Montcomery. 3308 Halliday Ave., St. Louis, 


WADDELL, NEEDHAM Care, Waddell Harrington, 

Little Rock, Ark............. 
Max 260 Partridge St., Albany, Y.. 


CHANGES ADDRESS 


AYRES, CLARENCE Morton. 614 Twenty-second Ave., Tuscaloosa, Ala. 
WILLIAMS. Civ. and Cons. Engr., Kirkwood, Mo. 
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Date 
Membership. 

Sept. 1908 
Sept. 1908 
Sept. 1908 
Sept. 1908 
Sept. 1908 
1908 
Sept. 1908 
Mar. 31, 1908 
Sept. 1908 
Sept. 1908 
Sept. 1908 
Sept. 1908 
Sept. 1908 
Sept. 1908 
1908 
Sept. 1908 
Sept. 1908 
Sept. 1908 
Sept. 1908 
Sept. 1908 
Mar. 31, 1908 
Sept. 1908 
Sept. 1908 
Sept. 1908 


BASINGER, JAMES GARNETT. 523 West St., New York City. 


Custom House, New Orleans, La. 


Col., Corps Engrs., A., 428 Custom 


House, St. Louis, Mo. 
Bogart, JoHN. Cons. Engr., 141 Broadway, New York City. 
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MEMBERS (Continued). 


BRINCKERHOFF, ALEXANDER Supt. Works, Johnson Morris, 


West 13th St., New York City (Res., 354 Jefferson Ave., Brooklyn, 


BROWNELL, HENRY. 
Philippine Islands. 

ALBERT. Carnegie Ave., East Orange, 

CATTELL, WILLIAM ASHBURNER. 2709 Sacramento St., San Francisco, Cal. 

CHASE, WILLIAM Good Sam. Hospital, Portland, Ore. 

CLARK, CHARLES Chf. Engr., New York North Shore Traction Co., 


Civ. Engr., N., Naval Station, Cavite, 


Roslyn, 

CLARKE, Asst. Engr., Board Water Supply, Babylon, 

ALBERT JR. Office Pres., C., St. Ry., Seattle, 
Wash. 


Davis, CHANDLER. Broadway, New York City. 


DIMMICK, Asst. Engr., Engr. Office, Plaquemine, 
La. 


ESSELSTYN, Hovey. Box Readville, Mass. 


Frew, ARCHIBALD SMITH. Engr. Chg., Almaden-Etheridge Ry., Almaden, 
North Queensland, Australia. 


GALLOWAY, JOHN (Galloway Markwart), 1011 Balboa Bldg., 
San Francisco, Cal. 


WILLIAM. Care, Crow Drug Co., Memphis, Tenn. 

Designing Engr., Isthmian Canal Comm., Culebra, Canal 
Zone, Panama. 

Third St., Long Island City (Res., Hastings-on-Hudson), 


JONAH, FRANK GILBERT. Terminal Engr., New Orleans Terminal Co., Room 
Terminal Station, New Orleans, La. 


Kine, 3034 North St., Philadelphia, Pa. 

LEAVENWORTH, GEORGE Chf. Engr., Powers Mansfield Co., 191 
Eighth St., Troy, 

Mason, SAMPSON DOUGLAS. 
Casey, Wash. 

MAYER, JOSEPH. Board Engrs., Quebec Bridge, Canadian Express Bldg., 
Room 613, Montreal, Que., Canada. 

CHARLES ADELBERT. Chf. Engr., A., Ry., 1021 Van Buren 
St., Topeka, Kans. 

Asst. City Engr., City Hall, Seattle, Wash. 

RUSSELL, WILLIAM GARDNER. Altura, Paso Co., Tex. 

Ave. and 65th St., New York City. 

JAMES. Care, Brooke, Charing Cross Mansions, Glasgow, Scotland. 


Henry Gorpon. Supt. Motive Power, Interborough Rapid Transit 
Co., Rochelle Heights, New Rochelle, 


Asst. Engr., Fortification Work, Fort 


q 


MEMBERS (Continued). 


LINTON 1729 Coliseum New Orleans, La. 

SULLIVAN, Joun Asst. Chf. Engr., Ry., Montreal, Que., Canada. 

WEEKS, WILLIAM CHARLES. 737 New York Seattle, Wash. 

Woop, WARREN Chf. Engr., Central Idaho Development Co., Ltd., 
Lewiston Southeastern Elec. Ry. Co., Ltd., Salmon River Power 
Co., Ltd., and Elec. Ry. Townsite Co., Vollmer, Idaho. 

WILLIAM Capt., Corps Engrs., A., West Point, 


ARTHUR FRANCIS. Ganahl, San Luis Potosi, Mexico. 
ASSOCIATE 


New York City. 

AIKENHEAD, JAMES Ray. Care, Westinghouse, Church, Kerr Co., 
Bridge St., New York City. 

WILLIAM. Engr. Chg. Remodeling the Distribution Sys- 
tem, Dept. Water Supply, 932 Park Row Bldg., New York 
City. 

BRINKLEY, Mito Care, Ry., Behula, Wash. 

Pittsburg, Pa. 

BURWELL, LEMMON. Asst. Engr., Baltimore Sewerage Comm., Storm 
Water Div., 134 West Lanvale St., Baltimore, Md. 

607 Humboldt Bank Bldg., San Francisco, Cal. 

CLARKE, WILLIAM Care, Hegardt Brown, 926 Board Trade 
Bldg., Portland, Ore. 

Harry Office Div. Engr., Isthmian Canal Comm., Corozal, 
Canal Zone, Panama. 

LOWELL 603 Houston St., Manhattan, Kans. 

CHARLES 407 5th St., Hutchinson, Kans. 

Asst. Engr., Dept. Bridges, 221 West St., New 
York City. 

WALTON Care, Superv. Archt., Treasury Dept., 
Washington, 

Frep Prof., Railway Eng., Univ. Oregon, Eugene, Ore. 

Supt., Cook Constr. Co., 504 Good Blk., Des 
Moines, Iowa. 

GILMAN, CHARLES (Duryea, Haehl Gilman, Cons., Civ. and Min. 
Engrs.), 1314 Humboldt Bank Bldg., San Francisco, Cal. 

GRIFFIN, ARTHUR JAMES. Engr. Constr., Bureau Sewers, W., 2149 
Clarendon Rd., Brooklyn, 

HASKELL, FRANK No. Mt. Vernon, Ga. 

Cary. Res. Engr., Carolina, Clinchfield Ohio Ry., 
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ASSOCIATE MEMBERS (Continued) 


Div. Engr., Board Water Supply, City New 

York, Pleasantville, 

Chf. Engr., Morey Faulhaber, 2937 Hen- 

rietta St., St. Louis, Mo. 

ANDERS. 514 Manning Chambers, Toronto, Ont., Canada. 

JUDELL, Front St., San Francisco, Cal. 

LANGE, THEODORE FERDINAND. Care, Mrs. Mattisen, 451 East 140th St., New 

York City. 

Don ALEXANDER. 327 Main St., Berwick, Pa. 

McCoy, Fraziers Bottom, Va. 

MANSFIELD, 503 West St., New York City. 

HERMANN. (Galloway Markwart), 1011 Balboa 

Bldg., San Francisco, Cal. 

JAMES WILLIAM. Care, Reclamation Service, Glendive, Mont. 

MERRILL, 722 East 12th St., Flatbush, Brooklyn, 

ALFRED Res. Engr., Bergen Hill Cut, Erie Co., 694 

Summit Ave., Jersey City (Res., Locust Ave., Arlington), 

Prof., Structural Eng., Ohio State Univ., Columbus, 

Ohio. 

ADELBERT Office Public Roads, Dept. Agriculture, 
Washington, 

Higher Technical School, Sendai, Japan. 

OSBORNE, GEORGE FREDERICK Capt., Royal Engrs., Care, Cox Co., 
Fort Bombay, British India. 

PARKER, CHARLES Mine Operator, Care, Parker Hamilton, 
Guatimape, Dgo., Mexico. 

Gen. Supt., Galloway Coal Co., Vice-Pres. and Gen. 
Mgr., Choctaw Coa] Min. Co., 1111 Twelfth Ave., South, Birming- 
ham, Ala. 

Care, Am. Bridge Co., Church St., New York City 
(Res., State St., East Orange, J.) 

ALLAN. Assoc. Prof., Civ. Eng., Univ. Kansas, 1233 
Massachusetts St., Lawrence, Kans. 

SANFORD, GEORGE Project Engr., Reclamation Service, Williston, 
Dak. 


ScHARSCHMIDT, SAMUEL South Washington Ave., Columbus, 
Ohio. 

ANTON. Supt., Pierce Phosphate Co., Pierce, Polk Co., Fla. 

SELMER, JENS Chf. Engr., Thonez Serrano, Apartado 1541, 
City Mexico, F., Mexico. 

SHEPHERD, FRANK Supt., White Co., Inc., Jackson, Ga. 

SKINNER, FREDERICK GARDINER. 1321 Grant Ave., Denver, Colo. 

SMILEY, GRIER Res. Engr., Florida East Coast Ry., Miami, Fla. 

SNYDER, FREDERIC ANTES. Havana, Cuba. 

SPEICHER, Prus MELANTHON. Office Public Roads, Washington, 

STEVENSON, Asst. Engr., ‘Sewage Dis. Works, Bureau 
Surveys, City Hall, Philadelphia, Pa. 
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ASSOCIATE MEMBERS (Continued) 


TILDEN, CHARLES Junior Prof. Civ. Eng., Univ. Mich., 1619 
Israel Ave., Ann Arbor, Mich. 

Asst. Engr., Maryland Geological Survey, Care, 
Johns Hopkins Univ., Baltimore, Md. 

MICHAEL. Care, Bowne, Glen Cove, 

DONALD Asst. Engr., Dept. State Engr., New York 
State, Barge Canal Office, Baldwinsville, 

WEIDEL, JOSEPH. 623 Tyler St., Topeka, Kans. 

WRIGHT, Engr., Reclamation Service, Dodson, Mont. 


ASSOCIATE. 


May, THEODORE Liberty St., New York City. 
JUNIORS. 


ADEY, JOHN SEAGER. Care, Bliss-Griffiths Constr. Co., 225 Fifth Ave., New 
York City. 


Care, Water Co., Warren, Pa. 

BRASLOW, BARNETT. 1418 Boscobel Ave., New York City. 

BROADHURST, WILLIAM GEoRGE. Stone Ridge, Ulster Co., 

GROVER CHARLES. Junior Engr., Am. Section, International Water- 
ways Comm., 130 Hazen St., Ithaca, 

BURPEE, GEORGE WILLIAM. Care, Congressional Heat, Light Power Plant, 
Garfield Park, Washington, 

FREDERIC. 621 North St. Clair St., Pittsburg, Pa. 

CAMERON, KENNETH MACKENZIE. 860 Waterloo St., London, Ont., Canada. 

CANTWELL, HERBERT West St., New York City. 

LESTER LEvI. Box 665, Fresno, Cal. 

THEODORE 905 Park Row Bldg., New York City. 

Eames, Horace Dist. Engr., lst Dist., Tuguegarao, Cagayan, 
Philippine Islands. 

LINCOLN. Hudson, Ohio. 

ENGLISH, CHARLES CLEMENT. Box 204, Spring Hope, 

FEDERLEIN, WALTER GOTTLIEB. Mogollon, Mex. 

Asst. Engr. Erection, Pennsylvania Steel 
Co., 1427 Front St., Harrisburg, Pa. 

Engr. with Daniel Ryan, 723 Third Ave., Brooklyn 
(Res., 306 West 93d St., New York City), 

Instr. Civ. Eng., Leland Stanford Jr. Univ.; 
Civ. and Hydr. Engr., General Delivery, Palo Alto, Cal. 

FRANK Care, Aqueduct Comm., Brewster, 

GILLELEN, Civ. and Min. Wright Callender Bldg., Los 
Cal. 

RICHARDSON. South St., Wilkes-Barre, Pa. 
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JUNIORS (Continued). 


Hovey, Ray With Minneapolis Steel Machinery Co., 324 Dooley 
Blk., Salt Lake City, Utah. 

LELAND WESLEY. 1024 Ayars Evanston, 

WALTER 719 Wainwright Bldg., St. Louis, Mo. 

Lewis, CHESTER 3980 Rose Hill Ave., Cincinnati, Ohio. 

JOHANNES DE. District-Inspecteur der Spoorwegdiensten, 
Oorsprongpark Utrecht, The Netherlands. 

Henry. Charge Computing Dept., Bureau Street 
Openings, Borough Manhattan, City New York; Address, 1806 
Anthony Ave., New York City. 

MALCOLM, CHARLES Asst. Prof. Structural Eng., Univ. 
Illinois, 905 Gregory St., Urbana, 

Fritz Louis. Box 337, Beaver, Pa. 

HENRY SCHELL. 108 West 69th St., New York City. 

PETERS, JOHN 223 Seaboard Bank Bldg., Norfolk, Va. 

QUERBACH, 708 Maryland Columbia, Mo. 

RACKLE, WILLIAM. Draftsman, Chf. Engr.’s Office, 
Isthmian Canal Comm., Culebra, Canal Zone, Panama. 

Ray, Davip Instr., Dept. Physics, Coll. City New York, 
2273 Creston Ave., Bronx, New York City. 

REYNOLDS, ALBERT. Franklin St., Detroit, Mich. 

Wall St., Bethlehem, Pa. 

CHARLES. 309 Twenty-eighth St., Cairo, 

215 West 108th St., New York City. 

GALE STANLEY. Box 35, Victorville, San Bernardino Co., Cal. 

Everett Acorn St., Walden, Mass. 

VEUVE, ERLE Leroy. 649 South Chicago St., Los Angeles, Cal. 


Warp, Care, White Co., Twin Falls, Idaho. 
Mount Vernon, Ohio. 


WILEY, RALPH BENJAMIN. 1022 First St., West Lafayette, Ind. 


FELLOW. 
Harry Box 208, Lewiston, Idaho. 


RESIGNATION 
Date 
MEMBER. Resignation. 
DEATHS 


Epwarps, NATHANIEL Member, June 3d, 1874; date 
death unknown. 


Elected Member, May Ist, 1907; died Septem- 
ber 19th, 1908. 


MANSFIELD, Elected Member, July 5th, 1882; died Sep- 
tember 25th, 1908. 
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MONTHLY LIST RECENT ENGINEERING ARTICLES 
INTEREST 


(September 9th October 12th, 1908.) 


list published for the purpose placing before the 
members the Society, the titles current engineering articles, 
which can referred any available engineering library, can 
procured addressing the publication directly, the address and price 
being given wherever possible. 


LIST PUBLICATIONS 


the subjoined list articles, references are given the number 
prefixed each journal this list: 


(1) Journal, Eng. Soc., (28) Journal, New 


Milk St., Boston, Mass., 30c. Works Assoc., Boston, Mass., $1. 
(2) Proceedings, Engrs. Club (29) Journal, Royal Society Arts, 

Phila., 1317 Spruce St., Phila- London, 15c. 

delphia, Pa. (30) Annales des Travaux Publics 
(3) Journal, Franklin Inst., Philadel- Belgique, Brussels, Belgium. 
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MINUTES MEETINGS 


THE SOCIETY 


October 21st, 1908.—The meeting was called order 8.30 
Mansfield Merriman, Am. Soc. E., the chair; Chas. Warren 
Hunt, Secretary; and present, also, 164 members and guests. 

paper, entitled “The Hydro-Electric Development and Trans- 
mission Lines the Canadian Niagara Power Company,” 
Van Cleve, Am. Soc. E., was presented the author and 
illustrated with lantern slides. The subject was discussed Messrs. 
John Bogart, John Parker, Boucher, and the author. 

The Secretary announced the following deaths: 

AuTEN elected Member, May 3d, 1905; 
died October 20th, 1908. 

WELLS, elected Junior, March 5th, 1901; 
Associate Member, March 1st, 1905; died August 16th, 1908. 


Adjourned. 
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November 4th, 1908.—The meeting was called order 8.30 
M.; President Charles Macdonald the chair; Chas. Warren Hunt, 
Secretary; and present, also, 121 members and guests. 

The minutes the meetings September 16th and October 7th, 
1908, were approved printed Proceedings for October, 1908. 

and Reservoirs Their Relation Stream Flow with Particular 
Reference Navigable Rivers” was presented the Secretary. The 
subject was discussed Messrs. Gifford Pinchot, Leighton, and 
Edward North. The Secretary presented title discussions from 
Messrs. Collingwood, Roberts, Stephen Child, Miller 

Ballots for membership were canvassed, and the following candi- 
dates elected: 

MEMBERS. 


ALEXANDER Atlanta, Ga. 

JOSEPH Seattle, Wash. 

JoHN Melbourne, Australia. 

Wricut Hornssy, Valparaiso, 
Epwarp Dunsar Ricu, Utica, 

JAMES CRUICKSHANK Cambridge, Mass. 


JOHN SELANDER, Cape Town, Cape Colony, South Africa. 


MEMBERS. 


Epwarp Huntingdon, Pa. 
JOSEPH Brapy, New York City. 

Brown, New York City. 
JoHN San Francisco, Cal. 

Ross New York City. 

Mark Roy Daniets, San Francisco, Cal. 
STEPHEN TRUESDELL Youngstown, Ohio. 
TIMMERMAN Tampa, Fla. 
Henry GENTNER, JR., Youngstown, Ohio. 
Henry Grimm, St. Louis, Mo. 
New York City. 

Joun Bircer New Orleans, La. 
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JAMES LuTHER Morrison, Altapass, 
San Francisco, Cal. 
Evans Billings, Mont. 
Travis Eagle Lake, Tex. 
JoHN Pittsburg, Pa. 


ASSOCIATES. 
CHARLES WILLIAM Sass, New York City. 
Ann Arbor, Mich. 


The Secretary announced: 


The transfer the following candidates the Board Direc- 
tion November 2d, 1908: 


From MEMBER MEMBER. 
New York City. 
Linpsay Duncan, McGill, Nev. 
WILLIAM New York City. 
Henry, New York City. 
New York City. 
Palo Alto, Cal. 
The election the following candidates the Board Direc- 
tion: 
September Ist, 1908: 
Isaac Flint, Mich. 
CLAUDE Epwarp CHAPPELL, Benton Harbor, Mich. 
Breck Moran, Palo Alto, Cal. 
Reep, Huntington Beach, Cal. 


October 6th, 1908: 
Ernest Moritz, Sunnyside, Wash. 
JOHN CHARLES Seattle, Wash. 
The Secretary announced the following deaths: 


elected Member, September 6th, 1899; 
died October 27th, 1908. 


Epwarp elected Member, February 3d, 1904; died 
October 25th, 1908. 


Adjourned. 
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THE BOARD DIRECTION 
(Abstract) 


November 2d, Macdonald the Chair; Chas. 
Warren Hunt, Secretary; and present, also, Messrs. Andrews, Bensel, 
Christie, Harrison, Hazen, Noble, Smith, and Tillson. 

Special Committee “To consider and report upon the design, 
ultimate strength, and safe working values steel columns and 
struts” was appointed. 

Action was taken establishing methods procedure under the 
amendment the Constitution recently adopted relating the 
election members. 

George Pegram, John Ellis, and Henry Leonard were 
appointed Committee (authorized the Business Meeting the 
Annual Convention, June 23d, 1908) report the next Annual 
Meeting proposed amendment the Constitution relation 
the method election members, amended the Annual 
Convention. 

The Secretary was authorized enter into contract for addi- 
tional book stacks. 

The Publication Committee was authorized hereafter publish 
Transactions Quarterly instead Semi-Annual publication. 

John Bensel, Waldo Smith, and Chas. Warren Hunt were 
appointed Committee Arrangements for the next Annual Meeting. 

Applications were considered and other routine 
acted. 

Eight Associate Members were transferred the grade Member. 


Adjourned. 
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ANNOUNCEMENTS 


every day, except Sundays, Fourth July, Thanksgiving Day, and 
Christmas Day. 


MEETINGS 


Wednesday, December 2d, 1908.—8.30 M.—A paper Leonard 
Metcalf, Am. Soc. E., Valuation and 
Fair Rates, the Light the Maine Supreme Court Decisions 
the Waterville and Brunswick Cases,” will presented for discussion. 

This paper was printed Proceedings for October, 1908. 


Wednesday, December 16th, 1908.—8.30 M.—At this meeting 
paper entitled “The Improvement the Ohio River,” William 
Sibert, Am. Soc. E., will presented for discussion. 

This paper was printed Proceedings for October, 1908. 


Wednesday, January 6th, 1909.— 8.30 paper entitled 
“Electric Railways the Ohio Valley Between Steubenville, Ohio, 
and Vanport, Pennsylvania,” George Francis, Am. E., 
will presented for discussion. 


This paper printed this number Proceedings. 


ANNUAL MEETING 


The Fifty-sixth Annual Meeting will held the Society House, 
Wednesday and Thursday, January 20th and 21st, 1909. The Busi- 
ness Meeting will called order o’clock Wednesday morn- 
ing. The Annual Reports will presented, officers for the ensuing 
year elected, members the Nominating Committee appointed, pro- 
posed amendment the Constitution presented for action, Reports 
Special Committees presented for discussion, and other business 
transacted. 


PAPERS AND DISCUSSIONS 


The Board Direction has decided that hereafter 
will issued Quarterly instead Semi-Annually. This has been 
made possible the number papers which have been recently 
offered for publication. hoped that members and others who take 
part the discussion the papers presented will revise their remarks 
promptly, and that all written communications from those who cannot 
attend the meetings will sent the earliest possible date after 
the issue the paper Proceedings. The issue Volumes 
Transactions dependent the closing discussions, and the co- 
operation the membership will now more necessary this 
matter than heretofore, because four volumes are issued during 
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the year instead two, and, accomplish this, definite date 
issue for each must established. expected that the first 
volume for 1909 will issued about March 31st, the second 
June 30th, and the third and fourth September 30th and December 
31st, respectively. 

All papers accepted the Publication Committee are classified 
the Committee with respect their availability for discussion 
meetings. 

Papers, which, from their general nature, appear charac- 
ter suitable for oral discussion will published heretofore 
and set down for presentation future meeting the 
Society, and, these, oral discussion, well written communica- 
tions, will solicited. 

All papers which not come under this heading, that say, 
those which, from their mathematical technical nature, the 
opinion the Committee, are not adapted oral discussion, will not 
scheduled for presentation any meeting. Such papers will 
published Proceedings the same manner those which are 
presented meetings, but written discussions, only, will re- 
quested for subsequent publication Proceedings and with the paper 
the volumes Transactions. 


PRIVILEGES ENGINEERING SOCIETIES 
EXTENDED MEMBERS THE 
AMERICAN SOCIETY CIVIL ENGINEERS 


Members the American Society Civil Engineers will wel- 
comed the following Engineering Societies, both the use their 
Reading Rooms and all Meetings: 


American Institute Mining Engineers, West Thirty-ninth 
Street, New York City. 

dos Engenheiros Civis Portuguezes, Lisbon, Portugal. 

Australasian Institute Mining Engineers, Melbourne, Victoria, 
Australia. 

Boston Society Civil Engineers, 715 Tremont Temple, Boston, 
Mass. 

Brooklyn Engineers’ Club, 197 Montague Street, Brooklyn, 

Canadian Society Civil Engineers, 877 Dorchester Street, Mon- 
treal, Que., Canada. 

Civil Engineers’ Club Cleveland, 718 Caxton Building, Cleveland, 
Ohio. 

Civil Engineers’ Society St. Paul, St. Paul, Minn. 

Cleveland Institute Engineers, Middlesbrough, England. 
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Engineers’ and Architects’ Club Louisville, Ky., 303 Norton 
Building, Fourth and Jefferson Streets, Louisville, Ky. 

Engineers’ Club Baltimore, Baltimore, Md. 

Engineers’ Club Central Pennsylvania, Corner Second and 
Walnut Streets, Harrisburg, Pa. 

Engineers’ Club Philadelphia, 1317 Spruce Street, Philadelphia, Pa. 

Engineers’ Club St. Louis, 3817 Olive Street, St. Louis, Mo. 

Engineers’ Society Western Pennsylvania, 803 Fulton Building, 
Pittsburg, Pa. 


Institute Marine Engineers, Romford Road, Stratford, Lon- 
don, E., England. 


Institution Engineers the River Plate, Buenos Aires, Ar- 
gentine Republic. 

Institution Naval Architects, 
C., England. 

Junior Institution Engineers, Victoria Street, Westminster, 
W., London, England. 

Koninklijk Instituut van Ingenieurs, The Hague, The Netherlands. 


Louisiana Engineering Society, 604 Tulane-Newcomb Building, 
New Orleans, La. 


Memphis Engineering Society, Memphis, Tenn. 
Midland Institute Mining, Civil and Mechanical Engineers, 
Sheffield, England. 


Montana Society Engineers, Butte, Montana. 

North England Institute Mining and Mechanical Engineers, 
Newcastle-upon-Tyne, England. 

Oesterreichischer Ingenieur- und Architekten-Verein, Eschen- 
bachgasse Vienna, Austria. 

Pacific Northwest Society Engineers, 617-618 Pioneer Building, 
Seattle, Wash. 

Rochester Engineering Society, Rochester, 

Sachsischer Ingenieur- und Architekten-Verein, Dresden, Ger- 
many. 

Sociedad Colombiana Ingenieros, Bogota, Colombia. 

Societe des Ingenieurs Civils France, Rue Blanche, Paris, 
France. 


Society Engineers, Victoria Street, Westminster, W., 
England. 


Svenska Teknologforeningen, Brunkebergstorg 18, Stockholm, 
Sweden. 


Tekniske Forening, Vestre Boulevard 18-1, Copenhagen, Denmark. 
Western Society Engineers, 1737 Monadnock Block, Chicago, 


Adelphi Terrace, London, 
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SEARCHES THE LIBRARY 


January, 1902, the Secretary was authorized make searches 
the Library, upon request, and charge therefor the actual cost 
the Society for the extra work required. Since that time many searches 
have been made, and bibliographies and other information special 
subjects furnished. 

The resulting satisfaction, the members who have made use 
the resources the Society this manner, has been expressed fre- 
quently, and leaves little doubt that, were generally known the 
membership that such work would undertaken, many would avail 
themselves it. 

The cost trifling compared with the value the time en- 
gineer who looks such matters himself, and the work can per- 
formed quite well, and much more quickly, persons familiar with 
the Library. 

asking that such work undertaken, members should specify 
clearly the subject covered, and whether references general 
books only are desired, whether complete bibliography, involving 
search through periodical literature, desired. 

reference this work the Appendix* the Annual Report 
the Board Direction for the year ending December 31st, 1906, con- 
tains summary all searches made that date. 


Proceedings, Vol, XXXIII, (January, 1907). 


ACCESSIONS THE LIBRARY 


ACCESSIONS THE LIBRARY 


(From October 14th November 10th, 1908.) 


DONATIONS* 
WATER POWER ENGINEERING 


The Theory, Investigation and Development Water Powers. 


787 pp. New York, McGraw Publishing Co., 1908. $6.00. (Donated 
the Author.) 


The preface states that the author has endeavored consider briefly the 
design, construction, and estimate cost water-power plant, together with 
other controlling factors which make successful power development, 
that is, the adequacy the supply, the head and power available, the probable 
variations the same, the plan for development, the cost construction and 
operation, and the advisability the investment. the end each chapter the 
author gives bibliography the subject discussed. The Chapter headings are: 
Introduction Power; Hydraulics; Water Power; Water Power (Continued) Rain- 
fall; The Disposal the Rainfall; Run-off; Run-off (Continued) Stream Flow; 
The Measurement Stream Flow; Water Wheels; Turbine Details and Appur- 
tenances; Turbine Testing; The Selection the Turbine; The Load Curve and 
Load Factors, and Their Influence the Design the Power Plant; The Speed 
Regulation Turbine Water Wheels; The Water Wheel Governor; Arrangement 
the Reaction Wheel; The Selection Machinery and Design Plant; Examples 
Water Power Plants; The Relation Dam and Power Station; Principles 
Construction Dams; Appendages Dams; Pondage and Storage; Cost, Value 


and Sale Power; The Investigation Water Power Projects; Appendices. There 
index twenty-seven pages. 


PUBLIC WATER SUPPLIES: 


Requirements, Resources, and the Construction Works. 
Turneaure, Assoc. Am. Soc. E., and Russell. With 
Second Edition, Revised and Enlarged. Cloth, illus., 


808 pp. New York, John Wiley Sons; London, Chapman Hall, 
Limited, 1908. $5.00. 


The first edition this work was issued 1901. this, the second edition, 
the authors, stated, have endeavored bring the book into accordance with 
the best modern practice. The preface states that the work intended for teachers 
and students technical schools which give especial attention the subject 
water supply. The endeavor has been lay stress upon the fundamental prin- 
ciples, rather than upon details practice, although methods construction have 
been used illustrate principles. stated that, this edition, the chapters 
water purification, which the greatest development has taken place, have been 
thoroughly revised, and the chapter mechanical filtration has been rewritten and 
enlarged. Changes and additions have been made nearly all the chapters, the 
most important being chapters methods bacterial examination water; 
the investigation ground-water and the construction collecting works; data 
the use water; rainfall and flow streams; the construction dams; 
and the application reinforced concrete conduits, dams, filters, etc. There 
bibliography the subject discussed the end each chapter. The Contents 
are: Part Requirements and Resources: Quantity Water Required, Sources 
Supply; Quality Water-Supplies. Part II, The Construction Water- 
Works: Works for the Collection Water; Works for the Purification 
Water; Works for the Distribution Water. There index twelve pages. 


CEMENT LABORATORY MANUAL 


Manual Instructions for the Use Students Cement 
Laboratory Practice. Waterbury, Assoc. Am. Soc. 
Cloth, in., illus., 122 pp. New York, John Wiley Sons; 
London, Chapman Hall, Limited, 1908. $1.00. 


According the preface, this manual has been prepared revising and extend- 
ing the instructions use the students cement laboratory practice the 


*Unless otherwise specified, this list have been donated the publisher. 
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University Illinois. The problems, stated, are suitable for class use, and 
are not intended for cement testing for commercial purposes. The Contents are: 
General Instructions: Laboratory Work; Preparation Reports; Description 
Apparatus; Laboratory Problems; Appendix Progress Report Committee 
Uniform Tests Cement the American Society Civil Engineers; Appendix 
American Society for Testing Materials’ Specifications for Cement; Appendix 


III, New York Section the Society for Chemical Industry’s Methods Analysis 
for Limestones and Cements. 


THE PRINCIPAL SPECIES WOOD: 


Their Characteristic Properties. Charles Henry Snow, Am. 
Soe. Second Edition, Revised and Enlarged. Cloth, in., 
illus., 212 pp. New York, John Wiley Sons; London, Chap- 
man Hall, Limited, 1908. $3.50. (Presented the Author.) 


This book stated the author untechnical presentation the 
general features which characterize economically important species wood. 
not intended for foresters botanists such, but for those who use woods 
desire know their distinguishing features. The form arrangement used 
the earlier edition has been retained, some sections have been rewritten, and 
more than 400 new names have been added the index. There also 
bibliography the subject. The Contents are: Part Introduction. Part II, 


Exogenous Series: Broadleaf Hardwoods; Needleleaf Soft Woods. Part III, 
Endogenous Series. 


ALLOYS (NON-FERROUS). 


Manchester (England), The Scientific Publishing Company. shil- 
lings, pence net. 


stated the preface that the object this book give the student 

brief account some the recent advances made the study alloys, and 

supply the makers and users alloys with such practical information will 

enable them understand current literature the subject and make further 

search for articles which may use them. Owing the scope the work, 

the author states that many important points the subject, which have not been 

fully worked out, have not been considered, and that mention has been made 

the alloys iron. The Contents are: Introduction; The Properties Alloys 

Related Those Their Constituents; The Phenomena Solidification; What 

the Microscope Can Teach; Changes the Structure Alloys the Solid Condi- 

tion; Metals Used the Preparation Alloys; The Brasses (the 

The Bronzes (the Copper-Tin Series) Machinery Brasses and Bronzes, 

Bearing Bronzes, and Other Copper Alloys; White Alloys; Alloys Which Tin 

the Principal Constituent White Anti-Friction Alloys; Light Alloys, Fusible 

Nickel Alloys; Alloys the Precious Metals; Preparation Alloys. There 
bibliography the subject and also index the book. 


HYDRO-ELECTRIC PRACTICE. 


Practical Manual the Development Water Power, Its Con- 
version Electric Energy, and Its Distant Transmission. 


382 pp. Philadelphia and London, Lippincott Company, 
1908. $5.00. 


stated the preface that the purpose this volume has been place 
within the reach the promoter, investor, and practitioner, analytical treat- 
ment hydro-electric practice all its phases from inception realization.” The 
subject-matter divided into two parts: Part Analysis Pro- 
ject, stated, written for the layman and characterized the commercial 
part the subject, the technical treatment being omitted entirely. Part II, Design- 
ing and Equipping the Plant, said have been written for the student and 
sketches existing structures, and quantities materials for are 
given, for useful units, tables diagrams. The Chapter headings are: The 
Market; Power Opportunity; Feasibility and Practicability Cost 
Value Project and Presentation; The Survey; Development Programme; Struct- 
ural Types; Equipment; Constructing the Plant; Tables. There index 
pages. 


= 


HYDRAULICS AND ITS APPLICATIONS. 


New York, Van Nostrand Company, 1908. $5.00. 


The author states that has been his aim consider the science hydraulics 
and its application the design hydraulic machinery, manner suitable for 
student with some knowledge mechanics; hoped that may also prove 
value the hydraulic engineer. The Contents are: Section Physical properties 
Section II, Hydraulics; Section Hydraulic Machinery. 
The section Hydraulic Machinery not intended exhaustive treatise 
the subject, only such machines are typical their class, represent modern de- 
sign, illustrate some definite principle construction being described. Refer- 
ences are made various English and American societies, the 


English and German technical press, and standard works the subject. There 
index seven pages. 


TEXT-BOOK ROADS AND PAVEMENTS. 


Revised and Enlarged. Cloth, illus., 340 pp. New 


York, John Wiley Sons; London, Chapman Hall, Limited, 
1908. $2.00. 


has been the aim the author present briefly the best recent practice 
the methods constructing and maintaining highways. stated that these 
methods have changed greatly since the publication the first edition this book, 
1894, the subject-matter has been practically rewritten. The Chapter headings are: 
Road Economics and Management; Drainage Streets and Roads; Location 
Country Roads; Improvement and Maintenance Country Roads; Broken-Stone 
Roads; Foundations for Pavements; Brick Bituminous Pavements; 
Wood-Block Pavements; Stone-Block Pavements; City Streets. 


THE BOOK AMERICAN MUNICIPALITIES 


Containing Statistical Tables the Revenues and Expenditures 
Cities, and Authentic Summary Progress and Achieve- 


ments. Cloth, 104 in., illus., various paging. Chicago, The 
League American Municipalities, 1908. $2.00. 


This the third yearbook issued the League American Municipalities. The 
preface states that this book for reference only and record essential facts 
concerning the cities and towns represented. The subject-matter divided into 
four sections: Section which contains brief review the work the League, 
its constitution, membership, etc.; Section which consists tables revenues 
and expenditures cities, which are arranged according population; Section 
which gives data the most important cities the United States and Canada, and 
many smaller municipalities, this section being arranged alphabetically 


and Section the publicity department, which contains business advertisements 
various interests relating municipal affairs. 


GRAPHICAL DETERMINATION EARTH SLOPES, RETAINING WALLS AND 
DAMS. 


York, Van Nostrand Company, 1908. $2.00. 


stated the preface that large part this work consists graphical 
methods solving problems the slopes earth embankments, the lateral 
pressure earth against wall, and the thickness retaining walls and dams,” 
the graphical determination earth slopes uniform stability being new. 
Chapter The Stability Earth Slopes, discussed the forces which determine 
the various slopes earth embankments. Chapter II, Retaining Walls: Graphical 
Methods, devoted the graphical determination the pressure earth against 
retaining wall, following the theory Professor Rebhann. Solutions various 
practical problems may also found this chapter. Chapter III, Retaining 
Walls: Analytical Methods, the analytical demonstration Rebhann’s theory, together 
with formulas deduced from the analytical theories Weyrauch and Rankine. This 
chapter contains three tables which comparison made between the results 
obtained the graphical and analytical methods. Chapter IV, The Design 
Retaining Walls, discussed the determining the thickness the bases 


the most common types wall, both graphically and analytically. Chapter 
Dams, devoted discussion various types dams. 
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FOWLER’S MECHANICS’ MACHINISTS’ POCKET BOOK AND DIARY, 1909. 


Synopsis Practical Rules for Fitters, Turners, Millwrights, 
Erectors, Pattern Makers, Foundrymen, Draughtsmen, Apprentices, 
Students, ete. Edited William Fowler. Cloth, illus., 
448 pp. Manchester, England, Scientific Publishing Co. $1.50. 


has been the compiler’s aim furnish this volume reference book for 
mechanics, machinists, and others engaged the operating departments engineer- 
ing works. stated that the subject-matter has been grouped into sections 
order bring together all the collateral information particular subject, and 
that these sections include handy references and tables, well the more ele- 
mentary principles mensuration and geometry, the properties materials used 
machine construction, machine tool design, etc. The Contents are: Handy Refer- 
ences and Tables; Mensuration, Geometry and Trigonometry; Materials Used 
Machine Construction; Machine Tool Design; Proportions Machine Tool Parts; 
Metal Cutting Tools; High Speed Tool Steels; Drilling and Boring Metal; Screw 
Threads, Screw Cutting, and Taper Turning; Emery and Emery Wheels; Shop Prac- 
tice; Wheel Gearing; Belt and Rope Driving, Shafting; Lifting Ropes and Chains; 
Miscellaneous Tools and Appliances. There index eighteen pages. 


SEWER CONSTRUCTION. 


illus., pp. New York, John Wiley Sons; London, Chap- 
man Hall, Limited, 1908. $3.00. 


The author states that this book amplified form course lectures 
given the College Civil Engineering, Cornell University, for students who in- 
tend take Sanitary Engineering, and intended aid students in- 
vestigating sewer construction well the practicing engineer who taking 
sewer work for the first time. The chapter headings are: Terra-Cotta Pipe; 
Terra-Cotta Pipe (Continued) Brick Sewers; Concrete Sewers; Concrete and Brick 
Sewers; Reinforced Concrete Sewers; Manholes; Catch-Basins; Siphons; Screens; 
Storm-Water Overflows and Bell Mouths; Foundations; Outfall Sewers; 


House Connections; Surveying; Trenching; Estimates and Costs; Specifications and 
Contracts. 


Gifts have also been received from the following: 


Am. Soc. Heating and Ventilating Institution Elec. Engrs. vol. 


Assoc. Am. Portland Cement Mfrs. 

bound vol., pam. Phelps. bound vol. 
Assoc. Ontario Land Surv. pam. Kansas-State Board Health. bound 
Assoc. Ry. Telegraph Supts. vol. vol. 
Baltimore Ohio R.R. Co. vol. King, Geo. Wm. pam. 
Bangor Aroostook R.R. Co. pam. Lake Mohonk Conference Inter. Ar- 
Bengal, India-Boiler Comm. pam. bitration. pam. 
Boston Public Library. pam. Louisiana-State Board Health. vol 


California-State Board Health. vol. Louisville Nashville R.R. Co. pam. 
Canada-Dept. Public Works. vol. Lowell, Mass.-Health Dept. pam. 
Canada-Geol. Survey. pam., maps. India-Public Works Dept. 
Carnegie Library Pittsburgh. pam. vol. 
pam Maryland-State Board 


pam. 
vol. 
Colorado Springs, Colo.-Dept. Health. Mexican Inter. R.R. Co. pam. 
ound 
Michigan-State Board Health. vol. 
vol. 


Mil kee, Wis.- 
Evansville Terre Haute R.R. Co. 


vol. 
pam. Missouri Pacific Ry. Co. pam. 
Illinois Central R.R. Co. pam. Mobile Ohio R.R. Co. pam. 
India-Ry. Board. vol. Montana-Agri. Experiment Station. 
Institution Civ. Engrs. bound vol. pam. 
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Montreal, Canada-Dept. Health. Queensland, Australia-Water Supply 
pam. Dept. pam. 
National Assoc. Cotton Mfrs. bound Quinette Rochemont, Baron 


vol. pam. 
National Elec. Light Assoc. bound Louis, Mo.-Health Commr. bound 


vol. vol. 
National Irrigation Congress. vol. Salt Lake City, Utah-City Engr. vol. 
Nevada-R.R. Comm. vol. Smithsonian Inst. pam. 


New City-Board Water Supply. Somerville, Mass.-Board Health. 
vol. pam. 

New York City Record. bound vol. South Commr. 

North Dakota-State Board Health. pam. 


pam. Texas Academy Science. vol. 
North-East Coast Institution Engrs. Toledo, St. Louis Western R.R. Co. 


and Shipbuilders. bound vol. pam. 
Northern Pacific Ry. Co. pam. Statistics. pam. 
Ontario Canada-Registrar-General. the Census. bound 
vol. vol., vol. 


Pacific Northwest Soc. Engrs. Survey. vol., pam. 
bound vol., pam. Commerce Comm. 
Pennsylvania-Commr. Health. bound bound vol. 
vol. Virginia-State Corporation Comm. vol. 
Pennsylvania-Water Supply Comm. Virginia-State Dept. Health. pam. 


Pere Marquette R.R. Co. pam. Board 
Pullman Palace Car Co. pam. vol., pam. 


Forscherarbeiten auf dem Gebiete des IX, 
Berechnung der gekreuzt armierten und deren 
unter Beriicksichtigung der Kraftwirkungen nach zwei 


Richtungen. Von Joh. Bapt. Bosch. Berlin,’ Wilhelm Ernst Sohn, 
1908. 


Improvement Ridgewood, Report the Board Trade. 
Robinson. Ridgewood, J., Ridgewood Herald, 1908. 


Liquid and Gaseous Fuels and the Part They Play Modern Power 


Production. Lewes. New York, Van Nostrand Company, 
1907. 


The Cost Cleanness. Richards. New York, John Wiley 
Sons, 1908. 


First Report Research Work the Vitality the Typhoid 
Bacillus Artificially Infected Samples Raw Thames, Lee, and New 
River Water with Special Reference the Question Storage. Dr. 
Houston, Director Water Examinations. Metropolitan Water 
Board, 1908. 


SUMMARY ACCESSIONS 
From October 14th November 10th, 1908. 


Donations (including 497 duplicates)............... 998 
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[Society 


MEMBERSHIP 


(October 14th November 10th, 1908.) 


Date 
Membership. 


TAVARRO. Gen. Mgr., Klamath Lake R.R. 
Co., Pokegama, Ore 


1908 


Public Works, Havana, Cuba 
BRYDONE-JACK,: ERNEST EDMUND. 
Eng., Univ. Manitoba, Winnipeg, Man., 


Chf. Engr. First Class, Dept. 


tion Service, Grandview, Wash 
CROSWELL, THoMAS HENRY. 
Hill Ave., Spokane, Wash 


DAVIDSON, FRANK EUGENE. 


Prin. Asst. Engr., Ry., 
7436 Kimbark Chicago, 


WILLIAM WALLACE. Euclid 


FREDERICK WILLIAM. Prin. Asst. 
Engr., Interborough Rap. Trans. 
Ry. Div., Park New 
GILMAN, JAMES Beatty. Chf. Engr., Minneapolis Steel 
Machinery Co., Minneapolis, Minn 
LESLIE WARREN. Asst. Engr., 
Grand Rapids, Mich 
HARTWELL, HERBERT CLIFFORD. 
HEGARDT, GUSTAVE BERNARD. 
Portland, Ore 


101 Milk St., Boston, Mass. 
926 Board Trade Bldg., 


Metcalfe St., Ottawa, Ont., 


MALONEY, JAMES Box 84, Littleton, Colo 


Curtis Asst. Engr., Chg. 
Design, Southern Power Co., Charlotte, 
Crocker Bldg., San Francisco, Cal. 
NEELD, CHARLES Mgr., Pittsburg Plant, Mc- 
Clintic-Marshall Constr. Co., 2243 Cambridge Ave., 
West Liberty, Pittsburg, 
Docks and Ferries, Chg. the Chel- 
sea Section, Pier North River, New 


FREDERICK Ross. 


1908 


1899 
1908 


1905 
1908 
1908 
1908 
1908 


1899 
1908 


1908 
1892 
1908 
1908 


1908 


1908 
1908 


1905 
1908 


1908 


1908 


1902 
1908 
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ADDITIONS. 
MEMBERS. 
Oct. 
Oct. 
Nov. 
Oct. 
Oct. 
Nov. 
Oct. 
Sept. 
Nov. 
Oct. 
Nov. 
Nov. 
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MEMBERS (Continued). 


601 Witherspoon Bldg., Philadelphia, Pa. 

RicHARD calle Jardin Nufiez, Colima, 


Woop, CHARLES WIDNEY. 315 Carondelet St., New Orleans, 
ASSOCIATE MEMBERS. 
BARKMANN, ERNST Jal., Mexico........ 
BILLINGSLEY, JAMES WARTELLE. Hibernia Bank Bldg., New 
BRUNING, HENRY Pres. and Mgr., National Eng. 
Co., 150 13th Ave., Columbus, Ohio............. 
CHAPMAN, Harry Day. Res. Engr., Nevada-California 
CHARLES, LAVERN JOHN. South 8th St., North Yakima, 
Ross MILLER. Room 1136, Grand Central Station, 
CRANE, JOSEPH Chf. Engr. 
Dept. Structural Eng., with Nathan Jun. 
Myers, Archt. (Res., 179 Washington Assoc. 


FOLLANSBEE, Asst. Engr., Jun. 
logical Survey, Washington, C...... 
FREEMAN, ARTHUR CLARICO, JR. 239 Arcade Bldg., Norfolk, 
GARMAN, Harry Asst. Prof. Civ. 
Eng., Purdue Univ., and Cons. Engr. 
the Indiana R.R. Comm., Lafayette, Ind. 


GRAY, WALTER THOMAS. 6908 Virginia Ave., St. Louis, Mo. 
HADWEN, THEODORE DONNER. 1359 Railway Ex- 
JoHN. Supt. Public Works, Pough- 
Roy Corpis. 730 Platte Ave., Colorado 
Almirall, Archt., Chambers St. 
100 West 80th St.), New York 
Asst. Engr., Board Water Supply, 
City, Cornwall-on-Hudson, Y............. 
Jun. 
Assoc. 
Public Works, Matanzas Province, Matanzas, Cuba. 


NoRMAN ROOSEVELT. Ardmore, Pa.. 
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Date 
Membership. 

1904 
Nov. 1908 
Oct. 1908 
Oct. 1908 
1908 
1908 
Oct. 1908 
Oct. 1908 
Oct. 1908 
Nov. 1908 
Dec. 1905 
Nov. 1908 
Nov. 
Oct. 1908 
July 1908 
Feb. 28, 1905 
Oct. 1908 
Oct. 1908 
Oct. 1908 
Nov. 1908 
Oct. 1908 
Sept. 1904 
Nov. 1908 
Oct. 1908 
Feb. 1906 
Nov. 1908 
Oct. 1908 
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MEMBERS (Continued). 


ate 
Membership. 
MILLER, MERRILL. 242 West Lincoln Ave., Mt. Vernon, 


1908 
NEWHALL, WILLIAM Room 423, Bldg., 

Denver, Colo 1908 
Lanepon. Asst. Engr. Filtration, 

Dept. Greater Water Supply, Peoples Jun. 1903 

Water Co., 1014 Broadway, Oakland, 

PRIME, ALFRED CoxE. 1008 Spruce St., Pa.. 1908 
EpwARD WILLIAM. 243 West New 

York City 1908 
Fry. 507 Traders Bank Bldg., Toronto, 

Ont., 1908 
STANLEY, ORRIN City Engr., Pierre, Dak 1908 
Storer, Stacy Care, Va. Bridge Iron Co., 

Roanoke, 

Stout, Harpine. 988 Congress St., Chicago, 
WILLIAM ANTON. Milton Ave., Chicago, 
952 Trinity Ave., New York City 
TUNSTALL, WHITMELL 181 LaSalle Jun. 

Chicago, 
WEBSTER, FRANK WALLACE. 

JOHN Jun. 

Greeley, Colo Assoc. 


1908 
1908 
1908 
1908 
1903 
1908 
1908 
1905 
1908 


ASSOCIATES. 
PooRMAN, ALFRED PETER. 1133 Pleasant St., Boulder, Colo. 1908 
WALTER TOWNSEND. Care, Moller, 107 Waverly 
Pl., New York City 1908 
Watt, JAMES 865 Madison Ave., Albany, Y.... 1908 


JUNIORS. 

AUTEN, CLAUDE Room Loyal.Guard Bldg., Flint, 
Mich. 

BRAINARD, ALBERT SERENO. Burnside Ave., East Hart- 
ford, Conn 

Horton, JOHN WILLIAM. 2401 St., Sacramento, Cal.... 

JOUINE, GEORGES PIERRE FERDINAND. Box 404, Vicksburg, 
Miss. 

KELLERSBERGER, ARNOLD CHARLES. Care, Wortham Gin 
Light Co., Wortham, Tex 

KILKENNY, Daunt, Tulare Co., 

Moran, Breck. 661 Waverley St., Palo Alto, 

Moritz, ANTHONY. Sunnyside, Wash 

Lieut., 150th Company, Coast 
Artillery Corps, A., Seattle, Wash 


7 
Sept. 1908 
Oct. 1908 
Sept. 1908 
Oct. 1908 
Oct. 1908 
Sept. 1908 
Oct. 1908 
Oct. 1908 
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RATHBUN, JOHN CHARLES. 4035 Fifteenth 
Seattle, Wash 


SHAFER, JAMES CHARLES Care, Dept., 

Van VLECK, JAMES BRACKETT. 1250 Ocean Ave., Brooklyn, 


41, Havana, Cuba.............. Oct. 1908 


Atvin 2907 Dwight Way, Berkeley, Cal. Oct. 1908 


CHANGES ADDRESS 


ARTHUR LINCOLN. Cons. Hydr. Engr., 720 Balboa Bldg., San 
Francisco, Cal. 


ALBERTSON, CHARLES. 529 Market St., Bangor, Pa. 

ANDERSON, CHRISTIAN. Project Engr., Reclamation Service, Top- 
penish, Wash. 

ARANGO, RICARDO MANUEL. Care, Heurtematte, Rue Trévise, Paris, 
France. 

WILLIAM ANDERSON. 520 Bee Omaha, Nebr. 

THOMAS Puerto Barrios, Guatemala. 

BREITHAUPT, WILLIAM (Keating Breithaupt, Cons. Engrs.), 
King St. East, Toronto, Ont., Canada. 

ALEXANDER Antonio, Oax., Mexico. 

WILLIAM ASHBURNER. 2709 Sacramento St., San Cal. 

DARRACH, CHARLES GOBRECHT. Care, Willis Herr, 211 West Garfield 
St., Seattle, Wash. 

Dimon, Care, Eastern Steel Co., Broadway, New York 
City (Res., 315 Paulison Ave., Passaic, J.). 

HENRY FREDERICK. Care, Engineers Club, West 40th St., New 
York City. 

FRASER, CHARLES Epwarp. Secy., Merrill-Ruckgaber-Fraser Co., Church 
St., New York City. 

FULLER, WILLIAM BARNARD. 170 Broadway, New York City. 

CHARLES 431 Summit St., Iowa City, Iowa. 

GUTELIUS, FREDERICK Gen. Supt., Lake Superior Div., Canadian 
Pacific Ry., Box 94, North Bay, Ont., Canada. 

Montreux, Switzerland. 


Panama. 
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MEMBERS (Continued). 


Washington, 

THOMAS Capt., Corps Engrs., A., 1005 Hooker 
Lent Bldg., San Francisco, Cal. 

Epwarp Henry. Cons. Engr., King St. East, Toronto, Ont., 
Canada. 

KENDALL, CHARLES Rushford, 

LEIGHTON, Res. Engr., D., R.R. Co., Andover, 

Francis. Chf. Engr., Orleans Levee Board, Room 15, 
Masonic Temple, New Orleans, La. 

JOSEPH Asst. Chf. Engr., Los Angeles Aqueduct, 1108 
Central Bldg., Los Angeles, Cal. 

WILLIAM 02323 Mill St., Spokane, Wash. 

WALTER Project Engr., Reclamation Service, 
Orland, Cal. 

PATTERSON, JOHN Girard Bldg., Philadelphia, Pa. 

Asst. Engr., Engr. Office, Honolulu, Hawaii. 

Epwin Henry. City Engr. Newton, City Hall, West Newton, 
Mass. 

Horace. Care, State Water Supply Comm., Albany, 

JESSE. Mgr., The Supplee Eng. Co., 1119 State St. 646 
West 9th St.), Erie, Pa. 

THORNLEY, JULIAN. Care, State Water Supply Comm., Albany, 

Henry Hayes. Asst. Engr., 1005 Hooker Lent Bldg., 
San Francisco, Cal. 

Secy. and Engr., Kenwood Bridge Co., 4857 Madison Ave., 

Worr, 1650 Waverly St., Oakland, Cal. 

Chf. Engr., Constr. Co., Pitts- 
burg, Pa. 


ASSOCIATE MEMBERS. 


ALDEN, HERBERT CLARENDON. Asst. Engr., Bureau Sewers, Jerome Ave. 
and Macombs Rd., Borough the Bronx, New York City. 

JOSIAH WILLIAM. 507 Park Ave., East Orange, 

CHASE, WILLIAM Prospect Ave., Flushing, 

Harry Office Engr., Pacific Div., Corozal, Canal Zone, 
Panama. 

DENT, ELLIOTT JOHNSTONE. Capt., Corps Engrs., A., 920 Seven- 
teenth St., W., Washington, 

Gen. Supt., Turner Constr. Co., Broadway, 
New York City (Res., Grace Court, Brooklyn, Y.). 

CHARLES ALTON. Asst. Prof. Civ. Eng., Univ. Mich.; Bridge 
Engr., 320, New Engineering Bldg., Ann Arbor, Mich. 

307 Front St., Harrisburg, Pa. 
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ASSOCIATE MEMBERS (Continued). 

FARNHAM, JR. Asst. Engr. Constr., R., Union Station, 
Washington, 

SQUIRE Calle No. Vedado, Havana, Cuba. 

GUTHRIE, KEITH 1073 Dean St., Brooklyn, 

JACKSON Cuatotolipam, Ver., Mexico. 

JOHNSON, SAMUEL. Care, Robert Hunt Co., 1121 The Rookery, 
Chicago, 

CHARLES Bridge Engr., 
Manila, Philippine Islands. 

LATHROP, JAY COWDEN. 103 Highland Ave., Jersey City, 

GEORGE Pres., Allboro Contr. Co., Cortlandt St., 
New York City. 

ALLEN Boyer. Prof. Civ. Eng., Univ. South Dakota; 
Cons. Civ. Engr. and Archt., Vermilion, Dak. 

Designing Engr., Isthmian Canal Comm., Cule- 
bra, Canal Zone, Panama. 

ARTHUR THOMAS. Esmond St., Dorchester, Mass. 

Depot Quartermaster, Isthmian Canal Comm., Cris- 
tobal, Canal Zone, Panama. 

Proctor, JEFFERSON. Gen. Mgr., Porto Rico General Telephone Co., 
San Juan, Porto Rico. 

LANSING. 
City. 

JOHN MARBLE. Mass. 

Div. Engr., Los Angeles Aqueduct, Surrey, Cal. 

Res. Engr., Old Man River Viaduct, Canadian Pacific Ry., 
Macleod, Alberta, Canada. 

ARTHUR WINTHROP. Junior Engr., Conner, Wash. 

Cons. Eng., 115 Nassau St., New York City. 

Broadway, New York City. 

RAYMOND Engr., Congress 
Bridgeport, Conn.; Address, Milford, Conn. 

ANDREW. 225 Adams St., San Jose, Cal. 

THOMPSON, CLARENCE Harp. Structural Engr., The Solvay Process Co., 
Sabine St., Syracuse, 

WILLIAMS, JR. Care, Daly West Mining Co., 163 Main 
St., Salt Lake City, Utah. 

CHRISTOPHER STANTON. Box 198, Andover, 


YUILLE, NATHANIEL Asst. Engr., Care, Engr.’s Office, 
Box 707, Mobile, Ala. 


Bureau Public Works, 


Cons. Engr., West Broadway, New York 


Street Bridge Comm., 


ASSOCIATES. 
Foster, CLARENCE Marvin. Secy., Meacham Wright Co., 805 Corn Ex- 
change Bank Bldg., Chicago, 
Aucur Johnson St., Waterbury, Conn. 
JAMES 309 Broadway, Room 601, New York City. 
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JUNIORS. 


Brown, Div. Engr., Canadian Ry., Place 
Viger, Montreal, Que., Canada. 

BULLEN, Roy. Richmond, Utah. 

Haney. Computer, Sanitary Dist. Chicago, California 
Terrace, Chicago, 

WILLIAM. Care, Westinghouse, Church, Kerr Co., 
Bridge St., New York City. 

Levi. Div. Engr., Yukon Gold Co., Box 967, Dawson, 
T., Canada. 

COPELAND, Care, Bates Rogers Constr. Co., 355 Dear- 
born St., Chicago, 

CUNNINGHAM, JOHN Beacon Chambers, Boston, Mass. 

Leroy. Manila, Philippine Islands. 

1142 So. Ridgeway Ave., Chicago, 

Res. Engr., Western Pacific Ry., Box 782, 
Stockton, Cal. 

HEDDEN, EvERETT Orawaupum St., White Plains, 

Asst. Engr., Peoples Water Co., Mountain 
Ave., Piedmont, Cal. 

CAMBERNE. 530 West 153d St., New York City. 

Care, Bureau Public Works, Manila, Philip- 
pine Islands. 

McMENIMEN, WILLIAM VINCENT. 611 West 180th St., New York City. 

EMMETT LINCOLN. 410 Goettingen St., San Francisco, Cal. 

STANLEY ALFRED. Asst. Engr., The Eastern Colorado Power Co., 
Box Boulder, Colo. 

GEORGE CHENEY. Box 1098, Milwaukee, Wis. 
HARRY FRANKLIN. The Engineers Club, Philadelphia, Pa. 
PowELL, WILLIAM JENNER. Navy Barge No. 123, Care, Postmaster, 
Port Tampa, Fla. 
RASCHBACHER, Harry Care, The Arnold Co., 181 Salle St., 
Chicago, 

WILFRED 818 South Bantow St., Eau Claire, Wis. 

Office, Jersey City (Res., 117 Jacques St., Elizabeth), 

TURNER, CHARLES RUSSELL. Min. and Civ. Engr. (Turner, Horton 
Hazard), Nome, Alaska. 

WELLER, WILLIAM 1017 State St., Schenectady, 

WILBANES, JOHN ROBERT. 1305 Syndicate Trust Bldg., St. Louis, Mo. 

ALEXANDER Care, Chf. Engr.’s Office, Culebra, Canal 
Zone, Panama. 
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DEATHS 

CHASE, WILLIAM BEVERLY. Member, September 6th, 1899; died 
October 27th, 1908. 

PERRINE, FREDERIC AUTEN ComBs. Elected Member, May 3d, 1905; died 
October 20th, 1908. 

SLEEPER, GEORGE Elected Member, February 3d, 1904; died 
October 25th, 1908. 

WELLS, CLINTON GLENCAIRN. Elected Junior, March 5th, 1901; Associate 
Member, March Ist, 1905; died August 16th, 1908. 
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[Society 


MONTHLY LIST RECENT ENGINEERING ARTICLES 


INTEREST 


(October 13th November 9th, 1908.) 


list published for the purpose placing before the 
members the Society, the titles current engineering articles, 
which can referred any available engineering library, can 
procured addressing the publication directly, the address and price 
being given wherever possible. 


LIST PUBLICATIONS 


the subjoined list articles, references are given the number 


prefixed each journal this list: 


(1) 
(2) 


(3) 
(4) 
(5) 
(6) 


(7) 
(8) 
(9) 
(10) 
(11) 
(12) 


(13) 
(14) 
(15) 
(16) 
(17) 
(18) 
(19) 


(20) 
(21) 


(22) 
(23) 
(24) 
(25) 
(26) 


Journal, Assoc. Eng. Soc., 
Milk St., Boston, Mass., 30c. 
Proceedings, Engrs. Club 
Phila., 1317 Spruce St., Phila- 

delphia, Pa. 

Journai, Franklin Inst., Philadel- 
phia, Pa., 50c. 

Journal, Western Soc. Engrs., 
Monadnock Chicago, 


Transactions, Can. Soc. E., 
Montreal, Que., Canada. 
School Mines Quarterly, Co- 


50c. 
Technology Quarterly, Mass. Inst. 
Tech., Boston, Mass., 75c. 
Stevens Institute Indicator, Stevens 
Tnst., Hoboken, J., 50c. 
Engineering Magazine, New York 
City, 
Magazine, New York City, 


Engineering (London), 
Wiley, New York City, 25c. 

The Engineer 
national News Co., New York 
City, 35c. 

News, New York City, 

The Engineering Record, New York 
City, 12c. 

Railroad Age Gazette, New York 
City, 15c. 

and Mining Journal, 
New York City, 15c. 

Electric Railway Journal, 
City. 

Railway and Enginééring Review, 
Chicago, 10c. 

Scientific American 
New York 10c. 

Iron Age, New York City, 10c. 

Railway Engineer, London, Eng- 
land, 25c. 

Iron and Coal Trades Review, Lon- 
don. England, 25c. 

Bulletin, American Iron and Steel 
Pa. 

American Gas Light Journal, New 
York 


New York City, 


New 


American Engineer, New York 
City. 20c. 

Electrical Review, London, Eng- 


(27) 
(28) 
(29) 
(30) 
(31) 
(32) 
(35) 
(41) 
(42) 
(43) 
(44) 


(45) 
(46) 
(47) 
(48) 
(49) 
(50) 
(51) 
(52) 
(53) 


(54) 


Electrical World, New York City, 


Journal, New 
Works Assoc., Boston, Mass, $1. 

Journal, Royal Society Arts, 
London, England, 15c. 

Annales des Travaux Publics 
Belgique, Brussels, Belgium. 

Annales des Ing. Sortis 
des Ecoles Spéciales Gand, 
Brussels, Belgium. 

Mémoires Compte Rendu des 
Soc. Ing. Civ. 
France, Paris, France. 

Génie Civil, Paris, France. 

Economiques des 
chines, Paris, France. 

Nouvelles Annales Construc- 
tion, Paris, France. 

Revue Mécanique, Paris, France. 

Revue Générale des Chemins 


Ma- 


Fer des Tramways, Paris, 
France. 
Machinery, Chicago, 
Proceedings, Inst. Elec. 


New York City, 50c. 

Annales des Ponts Chaussées, 
Paris, France. 

Journal, Military Service Institu- 
tion, Governors Island. New 
York Harbor, 50c. 

and Minerals, Scranton, Pa., 


Scientific American, New 
City, 8c. 
Mechanical Engineer, Manchester, 

England. 
Zeitschrift, Verein Deutscher In- 
genieure, Berlin, Germany. 
Zeitschrift fiir Bauwesen, Berlin, 


Germany. 

Stahl und Eisen, Diisseldorf, Ger- 
many. 

Deutsche Bauzeitung, Berlin, Ger- 
many. 

Riaasche Riga, 
Russia. 

Zeitschrift, 
genieur und Architekten Verein, 
Vienna, Austria. 

Transactions, Am. Soc. E., New 
York City, $5. 


(55) Transactions, Am. Soc. E., New (76) Brick, Chicago, 10c. 
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York City, $10. (77) Journal, Inst. Elec. Engrs., Lon- 
(56) Transactions, Am. Inst. Min. don, England. 
New York City, $5. (78) Beton Eisen, Vienna, Austria. 
(57) Guardian, London, Eng- (79) Forscherarbeiten, Vienna, Austria. 
and. rie Zeitung, Berlin, Ger- 
Fulton Bldg., Pittsburg, Pa., In- 
(59) Transactions, Mining Inst. Scot- (81) 
land, Newcastle- many 
apolis, Ind., York Cit 
(61) Proceedings, Western Railway (83) Age, New Yor 
Club, 225 Dearborn St., Chicago, 
(62) Industrial World, Ninth St., (85) Proceedings, Am. Ry. Eng. and 
Pittsburg, Pa. Assoc., Chicago, 
(63) Minutes Proceedings, Inst. E., (86) Engineering-Contracting, Chicago, 
London, England. Ill., 
(64) Power, New York City, 20c. (87) Roadmaster and Foreman, Chicago, 
(65) Official Proceedinas, New York 
Railroad Club, Brooklyn, Y., (88) Bulletin the International Ry. 
15¢e. Congress Assoc., Brussels, Bel- 
(66) Jovrnal Gas Lighting, London, gium. 
England, 89) Proceedings, Am. Soc. for Testin 
(67) Cement and Engineering News, 


Materials, Philadelphia, Pa. 
(68) Mining Journal, London, England. (90) Transactions, 


(70) Review, New York Transactions, Soc. 
(71) Iron and Steel Inst., Lon- Marine New York 

(73) Electrician, London, England, (92) Bulletin, oc. 
(74) Transactions, Inst. Min. and pour Nationale, Paris, 

Metal, London, England. France. 

(75) Proceedings. Inst. Mech. Engrs., (93) Revue Métallurgie, 

London, England. France, fr. 50. 


LIST ARTICLES 


Bridge. 
the West Coast Tasmania.* James Bannatyne 
Lewis, Inst. (63) Vol. 71. 


Reports Details and Materials Pile-and-Frame Trestle Bridges. 
Report Assoc. Ry. Supts. Bridges and Buildings.) 


Bridge over the River Wear Sunderland.* (11) Oct. 23. 


Waterproofing Concrete Covered Steel Bridge Floors.* (Report Committee 
Ry. Supts. Bridges and Buildings.) (18) Oct. 24; (14) Oct. 31; (86) 
Nov. (87) Nov. 

Method Constructing Reinforced Concrete Highway Bridges Ontario with 
some Figures Cost.* Owen McKay. (Abstract paper read before the 
Ontario Land Surv.) (86) Oct. 28. 

The Construction the Pelham Bridge, New York.* (14) Oct. 31. 

The Manhattan Bridge Approach Viaducts.* (14) Oct. 31. 
Study Reinforced Concrete Culverts, C., St. Ry.* (18) Nov. 
Die Neue Randers (Jiitland).* Christiani Nielsen and 
Monberg. (78) Oct. 
Electrical. 
The Development Telephony.* Sergius Grace. (58) 
The and Use Telephone and Telegraph Cables.* Tremain (77) 
Matter, with some Account Radiations.* Laurence Carr. 
ct. 


The Motor Converter (Abstract).* Gregory. (77) Oct. 

Starters and Controllers (Abstract).* Jones. (77) Oct. 

The Manufacture Electrical Condensers.* Mansbridge. (77) Oct. 

Switchgear Control Apparatus and Relays for 
Charles Garrard. (77) Oct. 

Recent Progress Tungsten Metallic Filament Lamps.* Hirst. (77) Oct. 

Polyphase Induction Motors; the Choice Type.* George Stevenson. (77) Oct. 


The Effect Wave Form upon the Voltage Ratio Morton 
Oct. 17. 
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Electrical—(Continued). 


Alternating-Current Commutator Motors Applied Traction Work.* 


Osnos. 
(Abstract paper read before the Verband Deutsch. Elek.) (73) Serial 
beginning Oct. 23. 


Stations the Eastern Pennsylvania Railways Company.* (27) 

and Hydraulic Generating Stations Japan.* Kawara. (27) 


Power for Large Manufacturing Works, Equipment the Model Isolated Plant 
built the Western Electric Company.* Osborn Monnett. (64) 
ct. 

New Common Battery Telephone Exchange Cardiff.* (73) Oct. 30. 

Alternating-Current Feeder Regulators.* Moody. (42) Nov. 


The Hydro-Electric Installation Europe.* Enrico Bignami. 
ov. 


Seventh Avenue, Manhattan Borough, New York City.* 


Téléphonique Battérie Centrale, son Application Paris.* Eugéne 
Weiss. (33) Oct. 

L’Etat Actuel Télégraphie sans Fil.* (33) Serial beginning Oct. 17. 

Elektromotoren und Dynamaschinen mit Senkrechter Achse.* (48) Oct. 


Marine. 


Keyham Dockyard Extension.* Whately Eliot, Inst. (63) Vol. 71. 

Keyham Dockyard Extension: Temporary Works, Plant and used 
Construction.* George Hall Scott, Inst. (63) Vol 

The Triple-Screw Turbine-Driven Pacific Liner Tenyo Maru. (11) Oct. 30. 

L’Ascenseur Hélicoidal pour Bateaux Systéme ‘‘Oelhafen-Loehle.” Genard, 

Laas. (48) Serial beginning Oct. 10. 

Der Turbinendampfer Tenyo Maru.* Kaemmerer. (48) Oct. 17. 


Mechanical. 


Raising and Strengthening the Oversea Piatforms Coaling-Station St. 
Vincent.* Walter Sidney Harvey, Assoc. Inst. (63) Vol. 71. 
The Pumping Brine and the Manufacture Common Salt (Abridged).* Philip 

Morris Pritchard, Assoc. Inst. (63) Vol. 71. 


The Governing and the Regularity Gas-Engines.* James Atkinson. (75) 
r. 


pr. 
The Effect Mixture Strength and Scavenging upon Thermal Efficiency (Gas 
Engines).* Bertram Hopkinson. (75) Apr. 


Modern Pneumatic Organ Mechanism.* Casson. (75) 

Electric Equipment Steam and Gasoline (4) Oct. 
Difficulties Continuous-Kiln Management.* Augustine Dunn. (76) Oct. 
Mammoth Turbine for Buenos Aires.* Franco Tosi. (64) Oct. 13. 


The the Walker and Wallsend Union Gas Company.* (66) 
ct 


The the Walls Gas-Engine Cylinder.* Coker. (11) 


4-Ft. 6-In. Universal Gear-Cutting Machine the Franco-British Exhibition.* 
Joseph Horner. (11) Oct. 16. 

The Disposal the Waste Products Gas Works. (14) Oct. 17. 

Power Plants Textile Mills. (14) Oct. 17. 

Allowing for the Expansion Steam Pipes.* William Ennis. (64) Oct. 20. 

Utilization Blast Furnace Gas.* (15) Oct. 23. 

Holder Cups and Tank Heating.* Ramsburg. (Paper head before the Amer. 
Gas Inst.) (24) Oct. 26. 

High Pressure Distribution.* Charles Webb, Assoc. Inst. (Paper 
read before the Midland Assoc. Gas Mgrs.) (66) Oct. 27. 

Thermal Efficiency, Producer Gas, Water Gas. Whitelaw 


(Presidential 
address, Scottish Jun. Gas Assoc.) (66) Oct. 27. 

the Alden Absorption Dynamometer.* Everett Quick. (27) 
ct. 31. 


Heat Accumulation Steam Engineering.* Battu. (65) 


Nov. 
Recent Developments Motor Vehicles for Industrial Purposes.* 


Harry. Wilkin 
Perry. (9) Nov. 
The Theory Benzol Enrichment. Earnshaw. (Paper read before the 
Amer. Gas Inst.) (24) Nov. 


Design English High-Speed Steam Engine.* Philip Bellows. (64) 

Controlling the Output the Air Compressor.* Frank Richards, Am. Soc. 

Modern Welded Pipe for Water and Gas. Spellar. (Paper read before the 
Amer. Gas Inst.) (13) Nov. 


Draft for Steam Boilers.* Wakeman. (27) 
Nov. 


Nov. 
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Mechanical— (Continued). 


Pratique Machine Vapeur.* Mallet. (32) Serial beginning 


Sur Compression dans les Moteurs Explosion.* Lecornu. (37) 
Sept 

Essai des Hélices Aériennes Laboratoire d’Essais Conservatoire National des 
Arts Métiers.* (37) 30. 

pour des Matériaux.* (34) Oct. 


Transport des Denrées Alimentaires par Wagons Frigorifiques.* Piaud. 
(33) Oct. 


Moderne Aufziige. Drews. (82) Serial beginning Oct. 

Die Berechnung der Kupolofenabmessungen.* Bernhard Osann. (Paper read be- 
fore the Deutsche Giessereifachleute.) (50) Serial beginning Oct. 

Hydraulische Vorrichtungen Englischer Walzwerke.* Rummel. (50) 
Oct. 14. 

Metallurgical. 


The New Esperanza Mill Oro, Mexico.* Claude Rice. (16) Oct. 17. 
Operation Anaconda Copper Converter.* Offerhaus. (16) Oct. 17. 
Use Basic Refractory Brick Metallurgy. Francis Havard. (16) Oct. 24. 
Ore Dressing Adhesion Liquid Films. (16) Oct. 


Construction 100-Ton Copper Smelting Plant.* Charles Christensen. (16) 
Oct. 31. 


Broken Hill, New South Wales. Gerard Williams. (16) 

Nov 

Regenerative Reverberatory Copper Furnace.* Leas. (16) Nov. 

Notes Air Agitation.* Mark Lamb. (16) Nov. 

Contribution Métallographique des Aciers Trempés. (93) 
Oct. 

Recherches sur Trempe Revenu Fer Ed. Maurer. (93) 
Oct. 

Sur Four Electrique une Seule Electrode Sole Conductrice.* Dumuis. 
(93) Oct. 

Mining. 


The Electrification the Mansfeld Copper Mines.* Speyer. (77) Oct. 

Observaticns Coal Mines.* Stokes. (Paper read before Mid- 
land Counties Inst. Engrs.) (22) Oct. 

Electric Power for Quarrying Marble.* Maynard. (64) Oct. 13. 

Modern Land-Pebble Phosphate-Mining Plants Florida.* Mendenhall, 
Jun. Am. Soc. (13) Oct. 15. 


The Arrangement Keps for Modern Collieries.* Barnes. (22) 


Oct. 16. 
Time Lateral the Newhouse Tunnel.* Adkinson. 
) ct. 
Mining Methods Seaton-Delaval Colliery.* Lucius Mayer. (16) Oct. 17. 
Tubbing for Modern Collieries.* Barnes. (12) Oct. 23. 
Re-Sinking and Re-Equipping the Great Western Company’s Maritime Pit.* Hugh 
(Paper read before the South Wales Inst. Engrs.) (22) Oct. 


The Problem Treating Dust Coal Mines. Frank Haas. (16) Oct. 24. 

The Prevention Mine Explosions; Report Foreign Experts. (Press Bul. 
Geol. Surv.) (16) Oct. 31; (13) Oct. 29; (14) Oct. 31. 

Safety Blasting Explosives.* Arthur Comey. (45) Nov. 

Switchboards for Mine Power Plants.* Clarke. (45) Nov. 

The Method and Cost Goid Dredging the Elevated Bucket.* (86) Nov. 

Etude des Phénoménes Intérieurs produit par d’une Charge Poudre 
dans Corps Isotrope.* Blaise. (30) Oct. 

Eisenbetonausbau einer Richtstrecke der Steinkohlengrube 
(Saargebiet).* Stark. (78) Oct. 


Miscellaneous. 
The Management Engineering Workshops. Eustace Thomas. (77) 


Oct. 
Contracts for Electrical Work Machinery. (12) Oct. 30. 
Color Photometry. Ives. (Paper read before the Illuminating Eng. 
Soc.) (83) Nov. 
Municipal. 


Reinforced Concrete Stone Bins and Trestle for the Street Department Spring- 
field, Mass.* (86) Oct. 14. 


Tarred Macadam. William Pierson Judson. (Abstract from Engineering Digest.) 
(83) Oct. 15. 


The Maintenance Highways View the Advent the Motor Vehicle. 
Richardson. (Paper read before the Inter. Roads Congress Paris.) 
17. 


The Future Road; its Wearing Surface. Philip Henry. (Paper read before 
the Inter. Road Congress.) (14) Oct. 31. 
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Municipal—(Continued). 


The Proper Brick Street Pavements. Will Blair. (Paper read 
before the Amer. Soc. Mun. Impvts.) (60) Nov. 

Amount Materials Required for Cement Sidewalk Construction. (86) Nov. 

Lutte contre Poussiére des Chaussées Empierrées. (30) Oct. 

Nouveau Chaussées, Trottoirs Pavages Général. 


(30) Oct. 

Railroad. 

Processes English Locomotive Fire-Boxes.* Brislee. (75) 
ar. 

Modern Plants for Building Steel Cars.* Horace Lane. (Paper read before 
the Detroit Eng. Soc.) (1) Sept. 


The “Brown, System Electric Block Signalling Railways (Ab- 
stract).* Andrew Hamilton. (77) Oct. 


Structures the Hudson River Tunnels.* Torrance. (4) 


ct. 
The Relation Gage, Frog, Lead and Turn Out Curve.* (87) Oct. 
Wheel-Carrying Rail-Joints and Tie Preservation.* Max Barschall. 
Safety Appliances the Java Railways (Dutch Indies).* Dufour. (88) Oct. 
The Efficiency Locomotives and its Relation with their Chief Dimensions and 
Albert Frank. (From fiir Gewerbe und 
ct. 
Railway Motor Control. William Cooper. (Abstract paper read before the 
Amer. St. and Interurban Ry. Eng. Assoc.) (17) Oct. 15; (13) Oct. 22. 
Some Special Designs Rails and Tie-Plates.* (13) Oct. 15. 
Car Wheel Stresses. George Fowler. (15) Oct. 16. 
New Type Locomotives: New York Central Railroad.* (47) Oct. 16. 
The Hedjaz Railroad.* (19) Oct. 17. 
Protection Railway Embankments from the Effect High Water Riprap 


Otherwise.* (Abstract report Assoc. Ry. Supts. Bridges and 
Buildings.) (13) Oct. 22; (86) Oct. 28; (87) Nov. 


Application the Theory the Catenary Electric Railway Work. Allen. 


(Abstract paper read before the Amer. St. and Interurban Ry. Eng. Assoc.) 
(13) Oct. 22. 


50-Ton Gondola for the Burlington.* (15) Oct. 23. 

The “Universal Auto-Combiner.” (15) Oct. 23. 

Automatic Stops and Cab Signals. (Report Committee, Ry. Signal Assoc.) (15) 
Oct. 23; (13) Oct. 29. 

Goods Locomotive for the Caledonian Railway.* (11) Oct. 23. 

The Electrifying the Hoosac Tunnel.* George Shaad. (17) 

ct. 

New Concrete Substation for the Northern Electric Railway Company.* 
Edwards. (17) Oct. 24. 

The Boyertown Pottstown Railway.* (17) Oct. 24. 

The Beech Grove Shops the Big Four.* William Forsyth. (15) Oct. 30. 

The Large Railway Wagons.* Jas. Hewlett. (Abstract paper 
read before the Midland Jun. Gas Eng. Assoc.) (22) Oct. 30. 

Railway Facilities North-East Anglia.* (11) Oct. 30. 


Lining the Second Bergen Hill Tunnel the Lackawanna Railroad. (14) 
31. 


New Standardized Locomotives, Harriman Lines.* (18) Oct. 31. 


Rail Abroad. (Summary report German St. Ry. Assoc.) (17) 
Oct. 31. 


Notes Swiss Locomotives.* (21) Nov. 
Locos for Railway Trains. (21) Serial beginning Nov. 
Portable Stone Breaking Plant. (For ballast.)* (21) Nov. 


Comparative Trials Simple and Compound Locomotives, Great Northern Railway 
(England).* (25) 


New Design Young Valve and Gear, Delaware, Lackawanna Western Railroad.* 


The the New Canadian Transcontinental Railroad.* George McFar- 
ane. (9) Nov. 
Standard Fifty Ton Gondola Coal Car, Virginian Railway.* (25) Nov. 


The Detailed Cost Laying Side Tracks and Switches, including Labor and 
Materials. (86) Nov. (87) Nov. 


The Growth the Angle Bar.* M’Leod Thomson. (15) Nov. 


The Manhattan Terminal the Central Railroad New Jersey.* (15) Nov. 
The Guymard Cut-Off.* (15) Nov. 


Wabash Locomotive Terminal Decatur, (15) Nov. 
Motor Trucks for the Oneonta Mohawk Valley R.* (18) Nov. 
The Gardenville Yard the New York Central Lines.* (14) Nov. 


The the New York, New Haven Hartford Railroad Providence.* (14) 
Nov. 7%. 
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Railroad— (Continued). 


Note sur Vapeur Surchauffée aux Maurice 
Demoulin. (38) 


Die der Eisenbahnanlagen Liibeck.* Cyrus. (49) Vol. 10-12, 


Sechsachsige Kurvenbewegliche Giiterzug-Verbundlokomotive der 
Keller. (48) Oct. 10. 


Railroad, Street. 


Brakes for Electric (Abridged). Edgar Harry Cockshott, Assoc. Inst. 
(63) Vol. 71. 


The Experimental Section Suspension Railway the Rosenthal Tor Berlin.* 
(From Zeit. des Ver. Deutsch. Eisenbahnverwaltungen). (88) Oct. 
Construction the South Side Elevated Railroad.* Darling. 
Oct. 


The Application Technical Science the Construction, Maintenance and Opera- 
tion Tramways.* and Cunliffe. (Abstract paper read before 
the Municipal Tramways Assoc.) (73) Oct. 


Proposed Freight Subway Belt Line for Lower New York City.* 


Francis 
Lane. (13) Oct. 15. 
Proposed New Freight Subway; New York City and Port.* Wilgus. 
(15) Oct. 16. 


Report the Committee Operating and Storage Car-House Design.* Low, 
Rogers and Bronsdon. (Report Amer. St. and Interurban Ry. 
Eng. Assoc.) (17) Oct. 17. 

Life Manganese Steel Rail Curves, from Service Tests made the Elevated 
Division the Boston Elevated Railway Company.* Steward. (Paper 
read before Amer. St. and Interurban Ry. Eng. Assoc.) (17) Oct. 17; (13) 
Oct. 22; (14) Oct. 24; (18) Oct. 31; (86) Nov. (87) Nov. 


Pneumatic Railway Chicago and Review Pneumatic Transportation Sys- 
tem. (13) Oct. 22. 


The Caracas Electric Tramway.* (17) Oct. 24; (27) Oct. 31. 

Brake Shoe Standardization and Wear Brooklyn.* (17) Oct. 24. 

Proposed New System Street Railway Construction.* Voynow. (Abstract 
paper read before the Amer. St. and Interurban Ry. Eng. Assoc.) (18) 
Oct. 31. 

Concrete Carhouse and Substation the Seattle Electric Company.* (17) Oct. 31. 

Fire Extinguisher Installation the Milton Car House the Boston Elevated 
Railway Company.* (17) Nov. 

New Cars the Chicago Railways Company.* (17) Nov. 

Die Stadt- und Vorortbahn Glinski. (48) Serial 
beginning Oct. 

Sanitary. 


Percolation Beds. William Clifford, Assoc. Inst. (63) Vol. 71. 
Investigation the Sanitary Condition the Gowanus Canal, Brooklyn, Y.* 
Charles Breitzke. (7) Sept 


Cast-Iron Heaters for Hot-Blast Work.* Theodore Weinshank. (70) 

Drying Sewage S!udge Centrifugal Machines.* (14) Oct. 17. 

The Disposal the Waste Products Gas Works. (14) Oct. 17. 

Tests Screw Pumping Engines Chicago.* (14) Oct. 17. 

Methods and Cost Constructing Farm Drainage System.* (Abstract from Bul., 
Univ. Minn.) (86) Oct. 21; (87) Nov. 

Septic Tank Patents. Marston. (Abstract paper read before the League 
Amer. Municipalities.) (60) Nov 

Operating Results the Buffalo Plant.* (14) 

The Construction Concrete Intercepting Sewer.* 


Oct. 


Nov. 
Alexander Tay- 


lor. (Paper read before the Amer. Soc. Mun. Impvts.) (14) Nov. 
Der Ein Neues Verfahren der Abwasserreinigung.* Kurgass. 
(48) Oct. 24. 


Note the Work Raising and Moving the Antwerp-Dam Station Building.* 
Albert Morglia. (88) Oct. 


The Fifth Avenue Building, New York.* (14) Oct. 17. 


and Concrete Quoted from Various Sources.* (86) 


The Corrosion and Decay Metals.* Milton. 


Marine Engrs.) (47) Serial beginning Oct. 
Farmers’ Loan and Trust Company’s New York.* (14) 
ct 


Evaluation Dureté par Méthode Bille Considérée comme Mesure 
Résistance Rupture.* Kiirth. (37) Sept. 30. 


Essais des Fers des Aciers par Corrosion.* Ch. Fremont. (93) Oct. 
Teltowkanalspeicher Tempelhofer Hafen. Wiig. (49) 10-12, 1908. 


read before the Inst. 
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Structural— (Continued). 


Der Erweiterungsbau des Kunstgewerbemuseums 
(49) Vol. 10-12, 1908. 


Berechnung der Eisenbetonplatte und deren Aufnahmetrager. 
Joh. Bapt. Bosch. (79) Vol. 1908. 

ct. 

Ergebnisse Neuerer Luft. (Paper read before 
the Deutsche Beton Verein.) (51) Serial beginning Oct. 14. 

Frostproben mit Ziegeln und Kalksandsteinen. (80) Serial beginning Oct. 15. 

Ueber Mikrographische Zementuntersuchung. Ernst Stern. (50) Oct. 21. 


Water Supply. 


The Dover Watershed and Water-Supply.* Henry Edward Stilgoe, Inst. 
(63) Vol. 71. 


Experimental Investigations the Stresses Masonry Dams subjected Water- 
Pressure.* -John Walter Ottley, Inst. E., and Arthur William Bright- 
more, Inst. (63) Vol. 71. 


odeis. 


Sigismund Wilson and William Gore, Assoc. MM. Inst. 
ol. 71. 
Stresses Masonry Dams.* Ernest Prescot Hill, Inst. (63) 


Serial beginning 


Vol. 71. 
The Water Supply San Francisco, Cal.* Grunsky. (Paper read before 
Tech. Soc. the Pacific Coast.) (1) Sept. 
The the Forests and Water Powers Wisconsin.* Griffith. 
(4) ct. 
Cast-Iron Pipe Standard Specifications.* (Report the Brit. Eng. Standards 
Committee.) (22) Oct. 


The Reinforced-Concrete Covered Reservoir for the Indianapolis Water Co.* William 
Curtis Mabee. (13) Oct. 15. 


Plant under Construction Ironton, Ohio. Philip Burgess. (14) 

ct 

Difficult Tunneling for Water Supply.* Mason. (64) Oct. 20. 

The Blue Island Ave. Tunnel the Chicago Water-Works System.* (13) Oct. 22. 

New. Pumping Engines for the Metropolitan Water Board.* (12) 

Practical Type Concrete Spillway Dam.* Richard Muller. 
(14) 

The Cost Lining Irrigation Tunnel. (14) Oct. 24. 

Undeveloped Water Powers Georgia.* Mays Ball. (27) 

ct 

Cost Pumping Water Gasoline, Kerosene and Steam Pumps for Railway Water 
Supply. (Abstract Report the Assoc. Ry. Supts. Bridges and Build- 
ings.) (86) Oct. 28; (87) Nov. 
Cost Operation and Maintenance Sand Filters Reading, Pa. (86) Oct. 28. 
Construction the Pathfinder Dam, North Platte Project, Reclamation 
Service.* Baldwin, Am. Soc. (13) Oct. 29; (14) Nov. 
The Water Supply Philadelphia with Special Reference the Filtration Works 
now under Construction.* John Trautwine, Jr. (3) Nov. 

Unit Cost Laying 107,877 ft. Watermains Cleveland, (86) Nov. 

Note sur une Propriété Hauteur Moyenne dans Cas d’Orifices 
Latéraux.* Merten. (31) 1908, Pt. 

Wasserkraftanlage Augst bei Josef (53) Oct. 

Die Wasserkrafte Norwegens und der Schweiz.* Eduard Engelmann. 
(53) Serial beginning Oct. 16. 


Waterway. 


Raising and Strengthening the Oversea Platforms Coaling-Station St. Vin- 
cent.* Walter Sidney Harvey, Assoc. Inst. (63) Vol. 71. 

Removal Submarine Rock the Entrance Port Phillip, Victoria.* (Abstract.) 
Charles William Maclean, Inst. (63) Vol. 71. 

The Proposed Extension the Chicago Drainage Canal Deep Waterway 
the Illinois River. (86) Oct. 14. 


Caissons for Breakwater Algoma, Wis 


Judson, 
Am. (13) Oct. 15. 
The David Neale System River Improvement and Bank Protection.* Charles 
Miller, Am. Soc. (13) Oct. 22. 


The Extension Governors Island, New York Bay.* (14) Oct. 24. 
The Improvement the Harbor Milwaukee, Wis.* 


Reinforced Concrete Lighthouse, the New Lantern the Straits Malacca.* (19) 
Oct. 24. 


Forests and Floods: Extracts from Austrian Report Floods the Danube, 


(13) Oct. 29. 

Estuary Channels and Their Treatment. Cunningham. (11) Oct. 30. 
Flood Protection Grand Rapids, Michigan.* (14) Oct. 31. 
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Waterway— (Continued). 


Novel Belt Conveyor System: Its Use Concrete Construction the New York 
Barge Canal.* (Abstract from Barge Canal Bulletin.) (20) Nov. 

The Proposed Reservoir System the Ohio River Basin, Reply Major 
Newcomer. Leighton, Assoc. Am. Soc. (13) Nov. 

The Municipal Ferry House Substructure, New York.* (14) Nov. 


Note sur Manutention des Eaux Bassin Gand.* Em. (31) 1908, 


Dérocheuse Sous-Marine Lobnitz. Alf. Byls. (31) 1908, Pt. 

Serial beginning Oct. 10. 

Der Spannungszustand einer Staumauer. Mohr. (53) Serial beginning Oct. 

Regulierungsbauten Weichsel und Nogat.* Graessner. (Paper read before the 
Architekten- und Ingenieur-Vereine.) (51) Serial begin- 
ning Oct. 


Die Eimerkettenbagger.* Richter. (48) Serial beginning Oct. 24. 
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the Board Direction, December 1908.............. 498 
Announcements: 
Hours during which the Society House open 499 
Privileges Engineering Societies Extended 501 
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MINUTES MEETINGS 
THE SOCIETY 


November 18th, 1908.—The meeting was called order 8.30 
Bowman, Am. Soc. E., the chair; Chas. Warren 
Hunt, Secretary; and present, also, 203 members and guests. 

paper Kennard Thomson, Am. Soc. E., entitled 
“Foundations for the New Singer Building, New York City,” was 
presented the author, and illustrated with lantern slides. 

The paper was discussed Messrs. Stern, Jarrett, and 
Semsch. 


Adjourned. 
December 2d, 1908.—The meeting was called order 8.30 M.; 


President Charles Macdonald the chair; Chas. Warren Hunt, Sec- 
and present, also, 130 members and guests. 
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496 MINUTES MEETINGS [Society 


The minutes the meetings October 21st and November 4th, 
1908, were approved printed Proceedings for November, 1908. 

paper entitled “Water-Works Valuation and Fair Rates, the 
Light the Maine Supreme Court Decisions the Waterville and 
Brunswick Cases,” Leonard Metcalf, Am. Soc. E., was pre- 
sented the author. 

The subject was discussed Messrs. Tribus, Allen Hazen, 
Gardner Williams, and McKenzie, and written communica- 
tions Messrs. Burns and Hazlehurst were presented 
the Secretary. 

The Secretary announced the election the following candidates 
the Board Direction December 1908: 


MEMBERS. 


Bassett, Rock Island, 
Frep Bryan, South Bend, Ind. 

Rosert Rives New York City. 

Isami Tokyo, Japan. 

McNas, Montreal, Que., Canada. 
New York City. 
WALMSLEY, Sao Paulo, Brazil. 


MEMBERS. 


Berry, Des Moines, Iowa. 

Neat Erie, Pa. 

Frank New York City. 

Boca, Canal Zone, Panama. 
Ponta Grossa, Brazil. 
Epwarp New York City. 

Ernest Webb City, Mo. 

Turner, Greenville, Ohio. 

Porto Bello, Canal Zone, Panama. 


Evans Ann Arbor, Mich. 
Eart, Milton, Ont., Canada. 
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New Orleans, La. 

Tuomas McCrory, Seattle, Wash. 
ARNOLDO Havana, Cuba. 


The Secretary announced the transfer the following candidates 
the Board Direction December 1908: 


From Junior MEMBER. 


MANCHESTER Detroit, Mich. 

Crook, Falls City, Nebr. 

Marius Darrow, Salt Lake City, Utah. 
Henry Salt Lake City, Utah. 
McCornack, Phenixville, Pa. 
New York City. 


The Secretary announced the election the following candidate 
the Board Direction May 5th, 1908: 


Junior. 


The Secretary announced the following deaths: 

WELDON elected Member, July 6th, 1881; died No- 
vember 14th, 1908. 

Mark elected Member, May 1907; died 
November 27th, 1908. 


Adjourned. 


December 16th, 1908.—The paper William Sibert, Am. 
E., entitled “The Improvement the Ohio River,” 
presented. Because the necessity going press with this number 
Proceedings advance this meeting, the publication the 
minutes will deferred until January, 1909. 
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THE BOARD DIRECTION 
(Abstract) 


December 1908.—President Macdonald the chair; Chas. 
Warren Hunt, Secretary, and present, also, Messrs. Andrews, Bensel, 
Churchill, Endicott, Gibbs, Harrison, Hazen, Hodgdon, 
Kittredge, Knap, Noble, Schneider, Smith, Swensson, Tillson, and 
Williams. 

Upon the recommendation the Publication Committee, the sub- 
scription price hereafter was fixed $12 per annum, 
and the price single volumes each. 

The Ballot Membership was canvassed, and Members, 
Associate Members, Juniors were elected, and Juniors were 
transferred the grade Associate Members.* 

report was rece.ved from the Committee appointed recommend 
the award prizes for the year ending with Transactions for July, 
1908, and the prizes were awarded accordance with the recommenda 
tions the Committte. 

The resignation Jun. Am. Soc. E., 
was accepted. 

Applications were considered and other routine business transacted. 


Adjourned. 


See page 496. 
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ANNOUNCEMENTS 


every day, except Sundays, Fourth July, Thanksgiving Day, and 
Christmas Day. 

MEETINGS 


Wednesday, January 6th, 1909.— 8.30 M.— paper entitled 
Railways the Ohio Valley Between Steubenville, Ohio, 
and Vanport, Pennsylvania,” George Francis, Am. Soe. E., 


will presented for discussion. 


This paper was printed Proceedings for November, 1908. 


Wednesday and Thursday, January 20th and 21st, 1909. —The 
Fifty-sixth Annual Meeting will held. The, Business Meeting will 
called order o’clock Wednesday morning the Society 
House. The Annual Reports will presented, officers for the ensuing 


year elected, members the Nominating Committee appointed, pro- 


posed amendment the Constitution action, Reports 
Special Committees presented for and other business 
transacted. 

Arrangements for the Annual Meeting have been placed the 
hands committee composed Messrs. Bensel, Waldo 
Smith, and Charles Warren Hunt. 

invitation the Department Bridges and the Commissioner 
Docks and Ferries, visits will made the Queensboro (Black- 
well’s Island) Bridge, and the Chelsea Section Docks, North 
River. These visits will made directly after lunch, which will 
served the Society House, Wednesday, January 20th, and the 
party will conveyed automobiles through the courtesy the 
Pennsylvania Steel Company, Messrs. Snare and Triest, and and 
Staats. 

Thursday, January 21st, invitation the Board Water 
Supply, there will excursion the Ashokan Dam. The party 
will special train the West Shore and the Ulster and 
Delaware Railroads. Lunch will served the camp the con- 
tractors through the courtesy Messrs. MacArthur Brothers Company 
and Winston and Company. 

Arrangements detail have not yet been perfected, but 
expected that Reception with dancing, and Smoker will 
the programme for the evenings Wednesday and Thursday. 


Wednesday, February 3d, M.—A paper Robert 
Spurr Weston, Am. Soc. E., entitled “The Purification 
Containing Iron and will presented 
for discussion. 


This paper printed this number Proceedings. 
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Wednesday, February 17th, 1909.—8.30 M.—At this meeting 
paper Bolton, Am. Soc. E., entitled “The Operation 
Passenger Elevators,” will presented for discussion. 

This paper printed this number Proceedings. 


PAPERS AND DISCUSSIONS 


The Board Direction has decided issue Transactions 
future quarterly publication. There will therefore four 
volumes each year instead two heretofore. 

There seems some misunderstanding about this matter, 
several members having protested the ground that the present 
volumes are not too that making them smaller would make 
reference them more difficult, well increase the cost binding. 

seems, therefore, necessary explain that the decision the 
Board based the fact that the amount valuable material offered 
the Society for publication has increased late, that large part 
would have refused only two volumes per annum are 
issued, and the belief that the most effective way increasing the 
usefulness the Society its Members and the Engineering Profes- 
sion increase the volume its Publications. 

The decision was arrived only after most careful consideration 
the matter from every point view, and hoped the result will 
satisfactory the membership. 

also hoped that members and others who take part the 
discussion the papers presented will revise their remarks promptly, 
and that all written communications from those who cannot attend 
the meetings will sent the earliest possible date after 
the issue the paper Proceedings. The issue volumes 
Transactions dependent the closing discussions, and the co- 
operation the membership will now more necessary this 
matter than herétofore, because four volumes are issued during 
the year instead two, and, accomplish this, definite date 
issue for each must established. expected that the first 
volume for 1909 will issued about March 31st, the second 
June 30th, and the third and fourth September 30th and December 
respectively. 

All papers accepted the Publication Committee are classified 
the Committee with respect their availability for discussion 
meetings. 

Papers, which, from their general nature, appear charac- 
ter suitable for oral discussion will published heretofore 
Proceedings, and set down for presentation future meeting the 

Society, and, these, oral discussion, well written communica- 
tions, will solicited. 


| 

7 


7 
q 


Affairs.] ANNOUNCEMENTS 501 


All papers which not come under this heading, that say, 
those which, from their mathematical technical nature, the 
opinion the Committee, are not adapted oral discussion, will not 
scheduled for presentation any meeting. Such papers will 
published Proceedings the same manner those which are 
presented meetings, but written discussions, only, will re- 


quested for subsequent publication Proceedings and with the paper 


PRIVILEGES ENGINEERING SOCIETIES 
EXTENDED MEMBERS THE 
AMERICAN SOCIETY CIVIL ENGINEERS 


Members the American Society Civil Engineers will wel- 
comed the following Engineering Societies, both the use their 
Reading Rooms and all Meetings: 


American Institute Mining Engineers, West Thirty-ninth 
Street, New York City. 

dos Engenheiros Civis Portuguezes, Lisbon, Portugal. 

Australasian Institute Mining Engineers, Melbourne, Victoria, 
Australia. 


Boston Society Civil Engineers, 715 Tremont Temple, Boston, 
Mass. 

Brooklyn Engineers’ Club, 197 Montague Street, Brooklyn, 

Canadian Society Civil Engineers, 877 Dorchester Street, Mon- 
treal, Que., Canada. 

Civil Engineers’ Club Cleveland, 718 Caxton Building, Cleveland, 

Civil Engineers’ Society St. Paul, St. Paul, Minn. 

Cleveland Institute Engineers, Middlesbrough, England. 

Engineers’ and Architects’ Club Louisville, Ky., 303 Norton 
Building, Fourth and Jefferson Streets, Louisville, Ky. 

Engineers’ Club Baltimore, Baltimore, Md. 

Engineers’ Club Central Pennsylvania, Corner Second and 
Walnut Streets, Harrisburg, Pa. 

Engineers’ Club Philadelphia, 1317 Spruce Street, Philadelphia, Pa. 

Engineers’ Club St. Louis, 3817 Olive Street, St. Louis, Mo. 

Engineers’ Club Toronto, King Street West, Toronto, Ont., 
Canada. 


Engineers’ Society Western 803 Fulton Building, 
Pittsburg, Pa. 


Institute Marine Engineers, Romford Road, Stratford, Lon- 
don, E., England. 
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Institution Engineers the River Plate, Buenos Aires, Ar- 
gentine Republic. 

Institution Naval Architects, Adelphi Terrace, 

Junior Institution Engineers, Victoria Street, Westminster, 
W., London, England. 

Koninklijk Instituut van Ingenieurs, The Hague, The Netherlands. 

Louisiana Engineering Society, 604 Tulane-Newcomb Building, 
New Orleans, La. 

Memphis Engineering Society, Memphis, Tenn. 

Midland Institute Mining, Civil and Mechanical Engineers, 
Sheffield, 

Montana Society Engineers, Butte, Montana. 

North England Institute Mining and Mechanical Engineers, 
Newcastle-upon-Tyne, England. 

Oesterreichischer Ingenieur- und Architekten-Verein, Eschen- 
bachgasse Vienna, Austria. 

Pacific Northwest Society Engineers, 617-618 Pioneer Building, 
Seattle, Wash. 

Rochester Engineering Society, Rochester, 

Sachsischer Ingenieur- und Architekten-Verein, Dresden, Ger- 
many. 

Sociedad Colombiana Ingenieros, Bogota, Colombia. 

Societe des Ingenieurs Civils France, Rue Blanche, Paris, 


France. 

Society Engineers, Victoria Street, Westminster, 
England. 

Svenska Teknologforeningen, Brunkebergstorg 18, Stockholm, 
Sweden. 


Tekniske Forening, Vestre Boulevard 18-1, Copenhagen, Denmark. 
Western Society Engineers, 1737 Monadnock Block, Chicago, 


SEARCHES THE LIBRARY 


January, 1902, the Secretary was authorized make searches 
the Library, upon request, and charge therefor the actual cost 
the Society for the extra work required. Since that time many searches 
have been made, and bibliographies and other information special 
subjects furnished. 

The resulting satisfaction, the members who have made use 
the resources the Society this manner, has been expressed fre- 
quently, and leaves little doubt that, were generally known the 
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membership that such work would undertaken, many would avail 
themselves it. 

The cost trifling compared with the value the time en- 
gineer who looks such matters himself, and the work can per- 
formed quite well, and much more quickly, persons familiar with 
the Library. 

asking that such work undertaken, members should specify 
clearly the subject covered, and whether references general 
books only are desired, whether complete bibliography, involving 
search through periodical literature, desired. 

reference this work the Appendix* the Annual Report 
the Board Direction for the year ending December 31st, 1906, con- 
tains summary all searches made that date. 


Proceedings, Vol. (January, 1907) 
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ACCESSIONS THE LIBRARY 


(From November 11th December 8th, 1908.) 


DONATIONS* 
ILLUSTRATED TECHNICAL DICTIONARY SIX LANGUAGES. 


English, German, French, Russian, Italian, Spanish. Edited Ac- 
cording New Method Deinhardt and Schlomann, Engi- 
neers. Vol. III, Steam Boilers, Steam Engines, Steam Turbines. 
Compiled Wilhelm Wagner. Cloth, in., illus., 1322 pp. 
New York, McGraw Publishing Company, 1908. $4.00. 


This series technical dictionaries are intended aids the engineer 
the reading and study technical articles and the terms contained therein. The 
set now consists three volumes: Machine Details and Tools; II, Electrical Engi- 
neering; and III, Steam Boilers, Steam Engines, and Steam Turbines. This volume, 
like the preceding ones, contains three parts, namely, the index, the systematic 
arrangement the subject-matter, and alphabetical index words six 
languages. indicated the title, treats the generation and application 
steam boilers, engines, and turbines, and stated that has been the 
endeavor the compiler arrange the constructional parts the natural sequence 
the various phenomena, and the words like manner. The section turbines 
said contain only those expressions which pertain directly that subject. The 
sketches, formulas and symbols are said those which were used ascertaining 
the translations the technical terms. The Contents are: Steam Boilers: Fuels; 
Production Heat; Furnace Installations; Transmission Heat; Phenomena 
Evaporation; Materials and Testing Materials; Boiler Construction; Types 
Boilers; Boiler Fittings; Boiler Erection; Feed Apparatus; Steam Superheaters; 
Management Steam Boilers; Boiler Inspection Steam Boiler Plants; 
Range Steam Pipes. Steam Engines: Theory the Steam Engine; Steam 
Engine Parts; Condensers; Engine Types; Erection the Engine; Working 
Engines. Steam Turbines: Theory the Steam Turbine; Steam Turbine Parts; 
Turbine Plants. Alphabetical Index. 


SMOLEY’S TABLES. 


Parallel Tables Logarithms and Squares, Angles and Logarithmic 
Functions Corresponding Given Bevels, Together With Complete 
Set Five-Decimal Logarithmic-Trigonometric Tables for Engineers, 
Architects, and Students. Constantine Smoley. Fifth Edition 
Revised. Leather, in., 329 130 pp. New York, The 
Engineering News Publishing Company; London, Archibald Constable 
Co., Ltd., 1908. $3.50. 


The preface states that this edition combination the set tables con- 
tained the previous edition, together with multiplication table for rivet spacing, 
with new set 5-decimal logarithmic-trigonometric tables, comprising the follow- 
ing separate tables: (1) Common logarithms numbers from 10000, with 
tables proportional parts; (2) Logarithms of-the sine and tang. from 
and the cosine and cotang. from 87° 90°, varying ten seconds, with 
proportional parts for single seconds; (3) Logarithms the sine, tang., cotang., 
and cosine for each minute the quadrant, with proportional parts for seconds; 
(4) Natural functions. stated that, with the inclusion the new set 
tables, this book completely covers all classes technical work, being available 
for computations with the American English measures well with decimals, 
metric feet. The Contents are: Part Parallel Tables Logs. and Squares; 
Table Bevels; Multiplication Table; Explanations and Examples; Constants; 
Decimal Equivalent. Part Logarithms numbers; Log. Functions 
Angles Between and 1°; Log. Functions 1’; Natural Functions; Formule; 
Constants; Decimal Equivalents. 


MANUAL UNDERGROUND SURVEYING. 


Loyal Wingate Trumbull. Cloth, in., illus., 251 pp. 


New York and London, Hill Publishing Company, 1908. $3.00. 


attempt, stated, has been made teach ordinary surveying theory 
this volume. has been the author’s aim furnish book mine surveying 


otherwise specified, books this list have been donated the pub- 
lisher. 
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based American practice. The subject-matter has been compiled from various 
sources technical literature. Instruments and methods are discussed, 
stated, fully and carefully. The best methods use many the largest mines 
the United States have been described the engineers those mines. 
bibliography each topic included the end each chapter. The Contents 
are: Instruments; Meridian; Underground Practice; Carrying the Meridian Under- 
ground; Secondary Openings, Survey of; Record the Survey; Uses the Mine 
Maps; Making the Map; Map Filing; Bore-Hole Surveys; Methods Various Engi- 


neers; United States Deputy Mineral Surveyor’s Examination. There index 
four pages. 


ELECTRIC RAILWAY AUDITING AND ACCOUNTING. 


New York, McGraw Publishing Company, 1908. $2.00. 


has been the aim the author not use the methods accounting any 
particular electric railway; has taken the best ideas from various sources and 
combined them. stated that the accounting requirements interurban rail- 
ways engaged local and interline business have been considered, well 
some special features city railway accounting. The forms given examples 
are reproductions forms used electric railways, except that company names 
have been omitted. The Chapter headings are: Introductory Construction 
Ledgers, Posting Mediums and the Balance Sheet; The Income Account; Auditing 
Collector’s Collections, Tickets and Ticket Accounting; Freight and Express Ac- 
counts; Baggage; Interline Tickets and Baggage; Interline Freight Accounting; 
Station Records and Accounts; Station Audits; Damage Claims; Purchasing and 
Stores Accounts; Shop Records; Amusement Park Accounts; Voucher Disburse- 
ments; The Pay Roll; Interest, Taxes and Dividends; Additions and Betterments; 
Car Miles, Car Hours and Other Units; Graphic Statistics; Reserves and Sinking 
Funds; Classification Accounts. There index five pages. 


MECHANICAL ENGINEER’S POCKET BOOK, 1909. 


Edited William Fowler. Eleventh Annual Edition. Leather, 


illus., 669 pp. Manchester, England, Scientific Publish- 
ing Co., 1908. shillings, pence. 


This edition, stated, has been carefully revised, and the subject-matter has 
been brought date, such additions and omissions having been made keep 
line with the best current practice mechanical engineering. The Contents 
are: Miscellaneous Tables and Formule; Steam Boilers and Fittings; Fuels and 
Combustion; Steam Engines; Steam Turbines; Locomotives; Entropy; Steam 
Tables; Valves and Valve Gear; Gas Engines; Gases Used Gas Engines; Oil 
Engines; Hydraulics; Pumps and Pumping Arrangements; Gearing and Lubrica- 
tion; Hoisting and Lifting Machinery; Mining Machinery and Appliances: Metal- 
lurgy Iron and Steel; Strength Metals and Alloys; Beams and Pillars; Springs; 
Ventilation and Heating. There index twenty-eight pages. 


THE DESIGN HIGHWAY BRIDGES 


And the Stresses Bridge Trusses. Milo 


pp. New York, The Engineering News Publishing Co.; London, 
Archibald Constable Co., Ltd., 1908. $4.00. 


The preface states that has been the author’s aim give, this volume, 
brief course the calculation stresses bridge trusses, followed systematic 
discussion the designs and details highway bridges. This book stated 
supplementing the author’s Design Steel Mill and covering 
the essential part first course bridge design given his classes. the 
calculation stresses, both the algebraic and graphic methods calculating stresses 
bridge trusses are stated described detail, and problems for such 
calculations are given Chapter IX. the discussion the design highway 
bridges, stated that the design both the superstructure and substructure are 
discussed, are also designs for stone, concrete, reinforced bridges. The 
weight, cost, and efficiencies parts highway bridges are also discussed 
detail. The book divided into three parts, namely, Stresses Steel Bridges; 
II, The Design Highway Bridges; and III, Problem Highway Bridge Details. 
There Appendix which gives General Specifications for Steel Highway Bridges, 
with index three pages, and general index seven pages. 
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THE UNIVERSAL DIRECTORY RAILWAY OFFICIALS, 1908. 


Compiled from Official Sources Under the Direction Richard- 
son Blundstone, Editor The Railway Engineer. Cloth, in., 
693 pp. London, The Directory Publishing Company, Limited; New 
York, Fenton Walker, 143 Liberty St., 1908. shillings. 


This edition, the fourteenth, this publication, has been revised, stated, 
and brought date, several additions having been made. Names railways 
all parts the world are given, arranged alphabetically under the various countries, 
together with the names and addresses all the officials connected with them. 
Nearly all the tramways worked power Great Britain are also included. The 
length the railway given English miles and kilometers, and the gauge 
feet and inches, meters, immediately following the name the railway. The 
amount rolling stock owned each company also given. There are alpha- 
betical indexes countries, railways, and the names railway officials, and 
alphabetical index manufacturers and suppliers railway plant and material, 
arranged subject. 


THE KING’S HIGHWAY. 


The Nature, Purpose, and Development Roads and Road Sys- 
London, The St. Bride’s Press, Ltd., 1908. shillings. 


The author states that the value and necessity efficient highway system 
not always understood the authorities, and that other interests are apt 
allowed obstruct and hinder the proper development such system. After 
introduction along those lines, the systems and some points practice foreign 
roads are explained. This followed chapter the administration roads 
and the highway law Great Britain. The author then discusses, detail, methods 
road construction and maintenance, especial attention being given the study 
by-roads and weathering, wheels affecting maintenance, well cost 
haulage, uses roadside wastes, effects trees, mitigation frosts and thaws, 
protection from wind, rain, and snow, use wastes places for snow drifts, etc. 
The Chapter headings are: Introductory; Foreign Road Systems; Some Points 
Foreign Practice; Road Administration the United Kingdom; The Departmental 
Committee 1903; Highway Law; Mechanical Power Traction; Width and Safety; 
The Road Crust: Wearing and Weathering Roads; Road Lamps and Carriage 
Lamps; Special Roads; Maintenance and Repair; Road Stones; Tests Road 
Stones; Wheels; Dust Prevention: Tar Macadam; Bridges; Climate and Geology; 
The Roadside; Frost; Wind and Snow. There index four pages. 


Gifts have also been received from the following: 


Albany, Y.-Bureau Water. Survey. bound vol. 
Allied Real Estate Interests the State Illinois-Highway Comm. pam. 
New York (Inc.). pam. Inc. Assoc. Mun. and County Engrs. 


Arnold, Bion pam. bound vol. 
Australia-Commonwealth Statistician. Works Dept. pam. 
bound vol. Iowa Central Ry. Co. pam. 
Bangor, Me.-Board Water. pam. Lake Superior Min. Inst. vol. 
Belzner, Theo. pam. Loop Protective Assoc. bound vol. 
Mass.-Board Park Commrs. Mass.-Charles River Basin Comm. 
am. pam. 
Bradford, Pa.-Water Commrs. pam. Melrose, Mass.-Engr. and Supt. Pub. 
Canada-Public Works Dept. vol. Works. pam. 
Canadian Engineer. pam. Memphis, Tenn.-Board Health. 


Canadian Inst. vol. pam. 
Central Ry. Club. pam. Merriman, Mansfield. vol. 
Chicago, Peoria St. Louis Ry. Co. Mexican Ry. Co., Ltd. pam. 
Illinois. Middleboro, Mass.-Supt. Water-Works. 


Coorg, India-Dept. Public Works. pam. 
pam. Mun. Engrs. City New York. 
Cornell Univ. vol. bound vol. 


Crosby, pam. Nat. Elec. Light Assoc. bound vol. 
Dayton, Ohio-Dept. Health. pam. New Britain, Conn.-Water Commrs. 


Delaware Coll. pam. pam. 

Denver, Colo.-Health Commr. pam. New London, Conn.-Board Water and 
Fisk Robinson. pam. Sewer Commrs. vol. 

Freeman, John bound vol. New York State-Public Service Comm. 


Gillette, bound vol. pam. 
Great Northern Ry. Co. pam. New State Engr. and Surv. map 
Hartford, Conn.-City Engr. pam. New York-State Museum. bound vol. 
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New York City Record. bound vol. 

Newburgh, Y.-Board Health. 
pam. 

Newton, Mass.-Water Board. 

Osterreichischer Ing.- 
Verein. pam. 

Ohio-Auditor State. vol. 

Ohio-Geol. Survey. bound vol. 

Mines. 
vol. 

Pennsylvania-State Highway Dept. 
bound vol., pam. 

Philippine Islands-Director Forestry. 


pam. 
und Architekten- 


bound 


3 pam. 

Providence, Dept. Pub. 
Works. pam. 

St. Joseph Grand Island Ry. Co. 
pam. 

Soc. Ry. Club Secretaries. pam. 

Somerville, Mass.-Board Health. 
pam. 

Springfield, Mass.-Supt. Streets and 


Sewers. pam. 
Tasmanian Government Rys. 


pam. 
Union Coll. pam. 
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vol. 

bound vol., pam. 

the Census. bound vol. 

pam. 

pam. 

vol. 

Library and Naval War 
Records. pam. 


Univ. Georgia. vol. 


Univ. Exper. Station. 


pam. 

Univ. Michigan. vol. 

Board Health. bound 
vol. 

Victoria, Australia-State and 
Water Supply. pam. 

Virginia-State Dept. Health. pam. 

Westinghouse Air Brake Co. pam. 


Rivers 


PURCHASE. 
The California Earthquake April 18th, 1906. Report the 


State Earthquake Investigation Commission. 
ington, Carnegie Institution of, Washington, 1908. 


Ponts Ouvrages Maconnerie. 
Conducteur Travaux Publics. 


Pinat, Editeurs, 1909. 


and Atlas. Wash- 


Par Ernest Aragon. 


Internal Combustion Engines: Their Theory, Construction and 


Operation. 
Nostrand Co., 1908. 


New York, Van 


Eigengewicht, Gunstige Grundmasse und Geschichtliche Entwicke- 
lung des Von Kurtz Beyer. Fortschritte der Ingenieur 


Wissenschaften. 


Leipzig, Wilhelm Engelmann, 1908. 


Steam Power Plant Engineering. Gebhardt. 
John Wiley Sons; London, Chapman Hall, Ltd., 1908. 


New York, 


Chemins Fer Cremaillerie. Par Levy-Lambert. Encyclopédie 


des Travaux Publics. 
Gauthier-Villars. 


Second Edition, Revised and Enlarged. Paris, 


Electric Furnaces, the Production Heat from Electrical Energy 


and the Construction Electric Furnaces. 


1908. 


Wilhelm Borchers. 


New York, Longmans, Green Co., 


Hydraulics. Dunkerly. Vol. The Resistance and Propulsion 


Ships. 


New York, Longmans, Green Co., 1908 
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Technical Dictionary Six Languages. English, Ger- 
man, French, Russian, Italian, Spanish. Edited Deinhardt and 
Schlomann. Vol. Electrical Engineering, Including Telegraphy 
and Telephony. Compiled Chas. Kinzbrunner. New York, McGraw 
Publishing Co., 1908. 


The Two Books the Supply the City Rome 
Sextus Julius Frontinus, Water Commissioner the City Rome, 
Photographic Reproduction the Sole Original Latin 
Manuscript and its Reprint Latin and also Translation into English 
and Explanatory Chapters. Clemens Herschel, Am. Soc. 
Boston, Dana Estes Co. 


Elementary Treatise Analytical Mechanics with Numerous 
Examples. Bowser. Twentieth Edition. New York, Van 
Nostrand Co., 1908. 


Rhone Lac Geneve des Grands Travaux Exécuter 
pour Navigation Léman Mer. Par L.-L. Vallée. Paris, 
Mathias, 1843. 


Vorlesungen uber Ingenieur-Wissenschaften. Von Georg Christoph 
Mehrtens. Zweiter Teil, Eisenbriickenbau; Erster Band, Gesamt- 
anordnung der Festen Eisenbriicken und Ihre Geschichtliche Entwicke- 
lung bis auf die Gegenwart. Leipzig, Wilhelm Engelmann, 1908. 


SUMMARY ACCESSIONS 
From November 11th December 1908. 
Donations (including duplicates and numbers 
completing volumes periodicals) 
purchase 
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MEMBERSHIP 
ADDITIONS. 
(November December 8th, 1908.) 
BASSETT, JOHN BENJAMIN. 1005 Twenty-first St., Rock 

ALEXANDER. Chf. Engr., Atlanta, Birmingham 

Atlantic R., Atlanta, Ga..... Nov. 1908 
BENJAMIN City Engr., City Hall, Erie, Pa.... Nov. 1908 
U.S. Engr. Office, Seattle, Wash.. Nov. 1908 
Linpsay. Mech. Engr., Steptoe Val. Assoc.M. Feb. 1904 

Smelting Min. Co., McGill, Nev.... Nov. 1908 
FERNALD, CLARENCE THAYER. First Asst. Engr., Elev. and 

Subway Constr., Bost. Elev. Ry. Co., Malvern St., 

Hancock, Rives. Exchange Pl., New York City. Dec. 1908 
WALTER. Cons. Engr., West Assoc.M. Jan. 1894 

WALTER. Civ. and Hydr. Engr., 203 Commonwealth 

929 Church St., Ann Arbor, Mich... Nov. 1908 
JAMES CRUICKSHANK. Supt., Mount Auburn 

Cemetery, Cambridge, Mass................ Nov. 1908 
SHATTUCK, ORVILLE City Engr., Greeley, Colo.... July 1908 
WILLIAM GRIFFITH. Pine St., New York City... Dec. 1908 
GEoRGE Peters Pl., Red Bank, Dec. 1908 

ASSOCIATE 
AGRAMONTE, ALBERT ARTHUR. St. between and 
GRAHAM. 1521 Sixth Ave., Des Moines, 
WILLIAM. Engr., Esti- 
Jun. Oct. 30, 1906 

154 Nassau St., New York Jun. Sept. 1905 

Chf. Engr., The 

Guerber Eng. Co., Bethlehem, Pa.; Ad- Jun. Nov. 1904 

dress, 516 Pawnee St., South Assoc.M. Nov. 1908 

BrowN, CHARLES FRANKLIN. 2540 So. 7th St., Salt 

Burns, Asst. Engr., Dept. State Engr. 

and Surv., 339 Franklin St., Watertown, Y...... Dec. 1908 


4 
| 
2 
F 


ASSOCIATE MEMBERS 
ARTHUR Constr. Engr. 
with Butler Hoff Co., 670 Second 
Ave., Detroit, Mich 
Crook, ANTHONY. Pres., Monarch Eng. 
Co., Cons. Engrs.; County Engr., Richard- Jun. 
son Co., Nebr.; City Engr., Falls City, Assoc. 


Assoc. 


DANIELS, Roy. Civ. and Hydr. Engr., 517 
Bldg., San Francisco, Cal 

ELLIS, GUERNSEY WILLIAM. Asst. Engr. with Hazen 
Whipple, 103 Park Ave., New York City 

FENKELL, NEAL CHARLES. City Hall, Erie, 

FRENCH, CHARLES Herrick Constr. Co., 
Stroudsburg, 

GAYLORD, LAURENCE TIMMERMAN. Box 854, Tampa, Fla... 

ENGLAND. Structural Engr. and 
Sales Agt., Bethlehem Steel Co., Liggett Jun. 
Bldg. (Res., 3213 Eads Ave.), St. Louis, Assoc. 
Mo. 

Care, Thompson Starrett Co., North 
American Bldg., Philadelphia, 

LowTHER, BuRTON. 2608 Brooklyn Ave., Kansas City, Mo.. 

Phenix Bridge Co., 413 Gay St., 
ville, Assoc. 

Matson, Jefferson, Ohio 


O’HEARN, JoHN Clinton, Okla 


Contr. Engr., Am. Bridge Co. 
Y., 906 Crocker Bldg., San Francisco, Cal 
REYNOLDS, LAFAYETTE CLOWE. Res. Engr., Gen- 

eral Elec. Co. (Res., Robinson St.), 
Schenectady, 
Water Supply, 299 Broadway, New 
York City 
Evans. Asst. City Jun. 
Box 225, Billings, Mont 
Travis Civ. Engr. 
Surv., First National Bank Bldg., Eagle 


Jun. 
Assoc. 


2620 St., W., Washington, C.... 


[Society 


Date 
Membership. 


Jan. 


1907 
1908 


1903 


1908 


1908 


1908 
1908 


1908 
1908 


1900 
1908 


Feb. 
Dec. 
Nov. 
Nov. 
Dec. 
Nov. 
Nov. 
Dec. 1908 
Nov. 1908 
Oct. 1908 
Jan. 1905 
1908 
July 1908 
Nov. 1908 
Nov. 1908 
Feb. 1906 
Dec. 1908 
Mar. 31, 1903 
Dec. 1908 
April 1906 
Nov. 1908 
1903 


MEMBERSHIP—ADDITIONS—DEATHS 
ASSOCIATE MEMBERS (Continued). Date 
Membership. 
VANNEMAN, CHARLES Delaware Ave., Albany, 
CHARLES PERKINS. Apartado 11, Tierra Blanca, 
ASSOCIATE. 
Sass, CHARLES WILLIAM. 465 East 140th St., New York 
JUNIORS. 
Care, Board Water Supply, High 
McNEIL, NORMAN CHARLES. Fort Covington, Y........ 1908 
NICOLAYSEN, ALBIN 941 Simpson St., Bronx, New 


Morton. 110 18th St., Austin, Tex.... Oct. 1908 
ADALBERT Pembroke Glen Cove, Dec. 1908 


DEATHS 


OLIVER WELDON. Elected Member, July 6th, 1881; died November 
14th, 1908. 

CHARLES TARBELL. Elected Junior, September 6th, 1904; Associate 
Member, October 3d, 1906; died September 30th, 1908. 

Fry, Elected Junior, June 6th, 1905; Associate Member, 
April 3d, 1907; died November 10th, 1908. 

ScHOFIELD, WILLIAM. Elected Member, May Ist, 1907; died Novem- 
ber 27th, 1908. 
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MONTHLY LIST RECENT ENGINEERING ARTICLES 


each journal this list: 


(1) 
(2) 


(3) 
(4) 
(5) 
(6) 


(7) 
(8) 
(9) 
(10) 
(11) 
(12) 


(13) 
(14) 
(15) 
(16) 
(17) 
(18) 
(19) 


(20) 
(21) 


(22) 
(23) 
(24) 
(25) 
(26) 
(27) 


INTEREST 


(November 10th December 7th, 1908.) 


list published for the purpose placing before the 
members the Society, the titles current engineering articles, 
which can referred any available engineering library, can 
procured addressing the publication directly, the address and price 
being given wherever possible. 


LIST PUBLICATIONS 
the subjoined list articles, references are given the number 


Journal, Assoc. Eng. 
Milk St., Boston, Mass., 30c. 

Proceedings, Club 
Phila., Spruce Phila- 
delphia, Pa. 

Journal, Franklin Inst., Philadel- 
phia, Pa., 50c. 

Journal, Western Soc. Engrs., 
Monadnock Blk., Chicago, 

Transactions, Can. Soc. 
Montreal, Que., Canada. 

School Mines Quarterly, Co- 
Univ., New York City, 

Technology Quarterly, Mass., Inst. 
Tech., Boston, Mass., 75c. 

Stevens Institute Indicator, Stevens 
Inst., Hoboken, J., 50c. 

Engineering Magazine, New York 
City, 25c. 

Magazine, New York City, 


E., 


Engineering (London), 
Wiley, New York City, 25c. 

The Engineer 
national News Co., New York 
City. 

News, New York City, 

c. 


The Engineering Record, New York 
City, 12c. 

Railroad Age Gazette, New York 
City, 15c. 

Engineering and Mining Journal, 
New York City, 15c. 

Electric Railway Journal, New 
York City, 10c. 

Railway and Engineering Review, 
Chicago, 10c. 

Scientific American Supplement, 
New York City, 10c. 

Iron Age, New York City, 10c. 

Railway Engineer, London, Eng- 
land, 25c. 

Iron and Coal Trades Review, Lon- 
don, England, 25c. 

Bulletin, American Iron and Steel 
Assoc., Philadelphia, Pa. 

American Gas Light Journal, New 
York City, 10c. 

Engineer, New York 
City, 20c. 

Electrical Review, London, Eng- 


land. 
World, New York City, 


(28) 
(29) 
(30) 
(31) 
(32) 
(33) 
(34) 
(35) 
(37) 
(38) 
(41) 
(42) 
(43) 
(44) 


(45) 
(46) 
(47) 
(48) 
(49) 
(50) 
(51) 
(52) 
(53) 


(54) 
(55) 


Journal, New 
Works Assoc., Boston, Mass., $1. 

Journal, Royal Society Arts, 
London, England, 15c. 

Annales des Travaux Publics 
Belgique, Brussels, Belgium. 

Annales l’Assoc. des Ing. Sortis 
des Ecoles Spéciales Gand, 
Brussels, Belgium. 

Mémoires Compte Rendu des 
Travauz, Soc. Ing. Civ. 
France, Paris, France. 

Génie Civil, Paris, France. 

Portefeuille Economiques des Ma- 
chines, Paris, France. 

Nouvelles Annales Construc- 
tion, Paris, France. 

Revue Mécanique, Paris, France. 

Revue Générale des Chemins 
Fer des Tramways, Paris, 


France. 
Machinery, Chicago, 

Proceedings, Am. Inst. Elec. 
Engrs., New York City, 50c. 

Annales des Ponts Chaussées, 
Paris, France. 

Journal, Military Service 
tion, Governors Island, New 
York Harbor, 50c. 

and Minerals, Scranton, Pa., 

Scientific American, 
City, 8c. 

Mechanical Engineer, Manchester, 
England. 

Zeitschrift, Verein Deutscher In- 
genieure, Berlin, Germany. 

Zeitschrift fiir Bauwesen, Berlin, 
Germany. 

Stahl und Eisen, Diisseldorf, Ger- 
many. 

Deutsche Bauzeitung, Berlin, Ger- 
many. 

Rigasche Industrie-Zeitung, Riga, 

ussia. 

Zeitschrift, Oesterreichischer In- 
genieur und Architekten 
Vienna, Austria. 

Transactions, Am. Soc. E., New 
York City, $5. 

Transactions, Am. Soc. E., New 
York City, $10. 


(56) Transactions, Am. Inst. Min. 


Engrs., New York City, $5. 


Q 


so 


(57) 
(58) 
(59) 


(60) 
(61) 


(62) 
(63) 


(64) Power, New York City, 20c. 

(65) Official Proceedings, New York 
Club, Brooklyn, Y., 

(66) Journal Gas Lighting, London, 
England, 15c. 

(67) Cement and Engineering News, 
Chicago, 25c. 

(68) Mining Journal, London, England. 

(70) Engineering Review, New 
City, 10c. 

(71) Journal, Iron and Steel Inst., Lon- 
don, England. 

(73) Electrician, London, England, 18c. 
(74) Transactions, Inst. Min. and 
Metal, London, England. 

(75) Proceedings, Inst. Mech. Engrs., 
London, England. 

(76) Brick, Chicago, 10c. 

Bridge. 


Colliery Guardian, London, Eng- 
land. 


Proceedings, Eng. Soc. Pa., 803 
Fulton Bldg., Pittsburg, Pa., 50c. 

Transactions, Mining Inst. Scot- 
land, London and 
upon-Tyne, England. 


Municipal 
apolis, Ind., 25c. 

Proceedings, Western Railway 
Club, 225 Dearborn St., Chicago, 

Industrial World, Ninth S&t., 


Pittsburg, Pa. 
Minutes Proceedings, Inst. E., 
London, England. 


(13) Nov. 12; 
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Journal, Inst. Lon- 
don, England. 

Beton und Vienna, Austria. 

Forscherarbeiten, Vienna, Austria. 

Tonindustrie Zeitung, Berlin, Ger- 
many. 

Zeitschrift fiir Architektur und In- 
genieurwesen, Wiesbaden, Ger- 
many. 

Dinglers Polytechnisches Journal, 
Berlin, Germany. 

Age, New York City, 


Ciment, Paris, France. 

Proceedings, Am. Ry. Eng. and 

Chicago, 

and Foreman, Chicago, 

Bulletin the International Ry. 
Congress Brussels, Bel- 
gium. 

Proceedings, Am. Soc. for Testing 
Materials, Philadelphia, Pa. 

Transactions, Inst. Naval 
Archts., London, England. 

Transactions, Soc. Naval Archts. 
Marine Engrs., New York 

y. 

Bulletin Soc. 
pour Nationale, Paris, 
France. 

Revue 
France, fr. 50. 


Engrs., 


Paris, 


LIST ARTICLES. 


Substructure Piscataquis Bridge, 
Jun. Am. Soc. 

The Semicircular Masonry Arch.* 
Vol. 61. 


the Bellows Falls Arch Bridge.* 


The Safety and Carrying 
Reports.* 


(54) 


Lewis Rights, Assoc. Am. Soc. 


the Blackwell’s Island Bridge: Two Expert 
(14) Nov. 14; 


(15) Nov. 20. 


Stresses the Blackwell’s Island (Queensboro) Bridge under Full Specified Load- 


ing.* 


Nov. 19. 


The Method Calculating Stresses for the Blackwell’s Island Bridge, used 


Boller Hodges Recomputation.* 


(13) 


Nov. 19. 


Casting the Concrete Lions for Connecticut Ave. Bridge, Washington, C.* (13) 


Nov. 19. 


The Construction the Manhattan Bridge Approaches.* 
The Cantilever without Suspended Span.* 
Island Bridge.) 


The the Rocker Arms the Blackwell’s Island Bridge.* 
odge. 


Costs Testing for Bridge Foundations.* 
ov. 26, 
The Weights and Costs Hight Lift Bridges. (86) Dec. 


Wm. Burr. 


(14) Nov. 21. 


(14) 


Construction the Manhattan Bridge Cables.* 
Transport l’Ancien Pont Transbordeur Bizerte dans maritime 


Brest.* 


Granzin. 


Electrical. 


The Pipe and Electric Cable Way Gloucester, Mass.* 
pooner. 


Electrical Developments Cawnpore.* 


(28) Sept. 


Leinekugel Cocq. (33 


Der mit Zugband Beliebiger 
4-5, 1908 


Die Gmiinder Tobel-Briicke bei Teufen (Appenzell), Schweiz.* 
Serial beginning Nov. 


(51) 


(73) 


(14) Nov. 21. 


(Appendix report Blackwell’s 
Nov. 


. 


Boller and 
Bainbridge. (86) 


Oct. 31. 


Bohny. (81) Vol. 


Oct. 31. 


Sutter. (51) 


Herman 


Nov. 
Method Measuring Iron Losses Bundles Straight Strips.* Robert Beattie. 


(73) 


Nov. 


(77) 

(78) 

(79) 

(81) 

(82) 

(83) 

(84) 

(88) 

Ss, 

(89) 

(91) 

les 

(92) 

(93) 

New 

Pa., 

York 

erlin, 

Riga, 

New 

New 

Min. 
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Practical Considerations the Selection Turbo-Alternators.* Kloss. (Ab- 
stract paper read before the Inst. Elec. Engrs.) (73) Nov. 

Apparatus for Direct-Current Substation. Allen. (Abstract paper read 
before the Assoc. Edison Illuminating Cos.) (27) Nov. 14. 

Hydro-Electric Power Plant the Piabanha River, Brazil.* (27) Nov. 14. 

Station the Cataguazes (Brazil) Light Power Company.* (27) 

The Parallel Operation Transformers.* Murray Weed. (27) Nov. 21. 

The Practical Testing Dynamos and Motors.* Mellor. (Paper read before 
the Owens College Eng. Soc.) (47) Nov. 27. 

New Observation Distance Submarine Cables.* Breisig. (Abstract 
from Elec. Zeit.) (73) Nov. 27. 

Alternating Current Commutator Motors; the Repulsion Motor.* 
schmidt. (73) Serial beginning Nov. 27. 

German 50,000-Volt Transmission System.* (27) Nov. 28. 

Non-Harmonic Alternating Currents.* Benj. Bailey. (27) Nov. 28. 


Interconnections Transformers Four-Wire Three-Phase Systems.* Faye- 
Hansen. (27) Nov. 28. 


Municipal Electric-Light Plant Fort Wayne, Ind.* (27) Dec. 
Fonctionnement des Transformateurs Paralléle.* (33) Nov. 21. 
Die Anlagen der Aktiengesellschaft Lauchhammer.* 


Rudolf Gold- 


Krumbiegel. 
Nov. 

Versuche einem Dieselmotor. Karl Kobes. (53) Nov. 20. 

Marine. 

The Design Modern Warships.* Welch. (10) Nov. 


The Design and Building Modern Cargo Steamers.* Thearle. (10) Nov. 

The Design Fast Ocean Steamers.* DeRusett, Inst. (10) Nov. 

The Giant Ore-Carriers the Great Lakes.* James Cooke Mills. (10) Nov. 

The the Modern Marine Engine.* Reed, Inst. (10) 
ov. 

Oil Burning Board Ship.* Andrew Laing. (10) Nov. 

Combustion Engines for Marine Purposes.* Sir John Thornycroft. (10) 
ov. 

Steam Condensing Plant for Cargo Steamers. Morison. (10) 


Recent Developments the Marine Steam Turbine.* Walker. 
The Mechanical Efficiency Marine Engines.* (12) Serial beginning Nov. 13. 
Twin-Screw Floating Cranes.* (11) Nov. 13. 


Mise Point Notre Outillage Maritime; Ports Canaux.* Hersent. (92) 


Aug. 
Emploi Soudure Autogéne pour Réparation des Chaudiéres Marine.* André 
(93) Nov. 


Mechanical. 


Electrically Operated Brakes for Industrial Purposes.* Steen. (58) Nov. 
Spring Simplified.* Chester Albree. (58) Nov. 

The Development the Aluminium Corporation, Ltd.* (26) Nov. 

Bevel-Geared Live Back-Axles for Motor-Cars.* (11) Serial beginning Nov. 
Producer Gas-Engine Central Station Plant.* (27) Nov. 14. 
Reconstructing Coal Bunkers Steam Power Plant.* 
Reclaiming Oil and Waste with Pneumatic Press.* (17) 
Prony Brakes for Practical Testing.* Everett Quick. (64) 
The Oxy-Acetylene Process Cutting and Welding. Nov. 19. 

Experiments Air-Pumps. Morrow and Dixon. (11) Nov. 20. 

New Steel Works the United States.* (12) Serial beginning Nov. 20. 

Motor Car Exhibition Olympia.* (12) Serial beginning Nov. 20; (11) Nov. 20. 


Oil Engines.* Tookey. (Abstract paper read before the Manchester Assoc. 
Engrs.) (47) Nov. 20. 


Power. Plant the New Plaza Hotel, New York.* (14) Nov. 21. 

Vertical Retorts and other Systems Coal Carbonization.* Taussig. (Paper 
read before the Amer. Gas Inst.) (24) Nov. 23; (66) Nov. 17. 

The New Steam Turbine.* Alfred (64) Nov. 24. 

The Electrical Equipment Cranes.* John Duckitt. (Paper read before the 
Coast Inst. Engrs. and Shipbuilders.) (47) Serial beginning 


Governors and Steam Regulation Steam Engines.* Charnock, 
Serial begin- 
ning Nov. 27. 


Inst. (Paper read before the Bradford Eng. Soc.) (47) 
The Application Motors Machine Tools. Dexter Kimball. (47) 


Nov. 27. 
Belt Conveyors for Shipping Coal.* (12) Nov. 27. 
New Gas-Driven Rolling-Mill Plant Mossend Works.* (11) Nov. 27. 
Influence Temperature Gas Production.* Charles Foster. (24) Nov. 30. 
Jones Laughlin’s Coke Plant.* William Affelder. (45) 


Dec. 
The Lubrication Bearings.* Campbell. (9) Dec. 
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Mechanical—(Continued). 
The Economy the Individual Motor Drive for Machine Tools.* 


Howard 
Knowlton. (9) Dec. 
Motor Vehicles for Industrial Purposes.* Wilkin 
erry. 
Means and Methods for Heating the Feed Water Steam Boilers. Reginald Pelham 
Bolton. (9) Serial beginning Dec. 


The Development the Small Steam Turbine.* (9) Dec. 

The Use and Performance Belt Conveyors.* Werner Boecklin. (9) Dec. 

Setting the Valves Russell Engine.* Collins. (64) Dec. 

Leather Belting Compared Rope Drives. (Abstract paper read before the 
Leather Belting Mfrs. Assoc.) (64) Dec. 


Calorimetry Presented the American Gas Institute. 
ec. 


Voitures Automobiles Six Roues.* Janvier. (92) Aug. 


Les Progrés Récents les MM. Wright, Furman 
Blériot.* Espitallier. (33) Serial beginning Nov. 21. 
L’Exploitation des Phosphates Floride.* (33) Nov. 21. 


Ausfiihrungen von Luftkompressoren.* Hans Wunderlich. (48) 
ct. 


Das Harmetverfahren Martinbetriebe der Gewerkschaft “Deutscher Kaiser” 
Bruckhausen.* (50) Nov. 


Die der und Maschinenfabrik Ham- 
burg.* Anton (48) Nov. 


Formen und Giessen. Weigelin. (Paper read before the Wurttembergischen 
Bezirks-Verein Deutscher Ingenieure.) (50) Nov. 18. 

Die Materialpriifungsanstalt und das Gasmaschinenlaboratorium der Technischen 
Hochschule Darmstadt.* Berndt. (48) Nov. 21. 

Ueber Regenbogen. (Paper read before the Verein Deutscher 
(50) Nov. 25. 


Metallurgical. 


Carbon and the Properties Cast Iron.* Howe. 


(16) Nov. 14. 
Guanajuato Development.* Claude Rice. (16) Serial beginning 


Principles Machine John Church. (16) Nov. 
The “Lash” Steel Process.* 


Fitzgerald. (Abstract paper read 
the Amer. Soc.) (22) Nov. 


Practice Hacienda Union.* Francisco Narvaez. (16) Nov. 


Improvements the Oronogo Circle Mill No. 5.* Otto Ruhl. (16) Nov. 21. 

The World’s Largest Chimney: 506-Ft. Brick Stack for the Boston Montana 
Smelter Great Falls, Mont.* (13) Nov. (14) Nov. 28. 

Copper and Copper Alloys. Milton. 


(Abstract paper read before the Inst. 
Metals.) (47) Nov. 27. 

Newer Ore-Treatment and Metallurgical Processes and their Machinery.* Chas. 
Christensen. Dec. 


L’Electrosidérurgie.* Charles Chatelier. (93) Nov. 


Les Travaux sur les Alliages Laboratoire Professeur Tammann 
les Alliages Nickel.* Portevin. (93) Nov. 


Das Neue Thomasstahlwerk der Burbacher Schroeder. (50) Nov. 11. 

Military. 

The Short-Base Range-Finder and its Principles Construction.* Dennis 
Taylor. (11) Serial beginning Nov. 


Mining. 


Practical Methods Examining and Fitting Hydraulic Mine.* Brigham. 
(Paper read before the Technical Society the Pacific Coast.) (1) Oct. 

The Cost Longwall England.* George Dixon. (16) Nov. 14. 

Re-Sinking and the Great Western Colliery Company’s Maritime Pit.* 


Hugh Bramwell. (Abstract paper read before the South Wales Inst. 
Engrs.) (57) Serial beginning Nov. 


Prevention Mine Accidents, Summary the Laws. (16) Dec. 
Coal Cutting Northern Coalfield, England. George Dixon. (16) Dec. 
Miscellaneous. 


Address the 40th Annual Convention, Denver, Colorado, June 23d, 1908. 


Charles 
Macdonald, President, Am. Soc. (54) Vol. 61. 
The Macadam and other Roads. Informal Discussion.* (54) 
ol. 


Labor Cost Constructing Eight Macadam Roads and Data the Average Labor 
Cost Macadam Construction. (86) Nov. 18. 
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Municipal—(Continued). 


The Seattle Regrade, with Particular Reference the Jackson St. Section.* Louis 
Zimmerman. (13) Nov. 


The Gladwell System Road Construction. (14) Nov. 21. 
Macadam Road-Surfacing the Past and for the Future. Crosby. (Abstract 
paper read before the First Inter. Road Congress.) (86) Nov. 25. 


Roads for Heavy Traffic. Maybury. (Paper read before the Inter. Road 
Cong.) (14) Nov. 28. 


The Blome Concrete Pavement. Dewey. (Abstract paper read before 
the Amer. Soc. Mun. Impvts.) (60) Dec. 
The Mineral Rubber Pavement. Linn White. (Abstract paper read before the 
Amer. Soc. Mun. Impvts.) (60) Dec. 
Highway Rye, Y., Built the Petrolithic Process.* 
ec. 


and Cost Constructing 990 Lin. Ft. 15-Ft. Cement Walk Nelson, 
(From Canadian Engr.) (86) Dec. 


Railroad. 


The Electrification the Suburban Zone the New York Central and Hudson River 

New Suspension for the Contact Wires Railways using Sliding Bows.* 
Joseph Mayer, Am. Soc. (54) Vol. 

Railway Signalling: Its Defects, and Suggestions for Them.* Gardiner. 
(Abstract paper read before the Inst. Elec. Engrs.) Nov. 

The Electrification the St. Clair Tunnel.* (15) (14) Nov. 14; (13) 


Nov. 19; (17) Nov. 14; (27) Nov. 14; (86) Nov. (18) Nov. 14; 
(73) Nov. 27; (25) Dec. 


Young Rotary Valve and Gear for Locomotives.* (15) Nov. 

Steel Tie and Concrete Tie Construction. Charles Clark. (Abstract paper 
read before the St. Ry. Assoc. the State New York.) (17) Nov. 14. 

T-Rail Paved Streets. Dyer, Jr. read the St. Ry. 
the State New York.) (17) Nov. 

The Interlocking Signal System for the New Union Terminal, Washing- 
ton, (14) Nov. 14. 

Detroit Tunnel Track Structure.* (15) Nov. 20. 

The Baldwin Smokestack Superheater. (15) Nov. 20. 

Railroad Crossings.* Sparks. (Paper read before the Central Ry. 
Assoc.) (17) Nov. 21. 

Changes New Haven Locomotives.* (17) Nov. 21. 

New Locomotives the Chicago City Railway.* (17) Nov. 21. 

Mallet Articulated Compound Locomotives for Santo Domingo.* (15) Nov. 27. 

Location Conductors other than Third Rail. (Report Committee, Amer. Ry. 
Assoc.) (15) 27. 

Four-Cylinder Compound Locomotive, Hungarian State Railways.* (12) Nov. 27. 

Six-Coupled Locomotive for the North Brabant Railway.* (11) Nov. 


ov. 


Endurance Flue Material.* Alex Kearney. (Abstract paper read 
before the Richmond Club.) (18) Nov. 


The Station the Delaware, Lackawanna Western Railroad.* (14) 
ov. 28. 


Effect Flat Wheels Rails.* Vaughan. (25) Dec. 

Mallet Articulated Compound Locomotive, Mexican Central Railway.* (25) 

The Log the New Haven Electrification. W.S. Murray. (42) Dec. 

Southern Pacific Air Brake Tests.* (15) Serial beginning Dec. 

Frame Failures (Locomotive). Rommel. (15) Dec. 

The Installation and Protection Telephones for Electric Railway Service.* Frank 
Fowle. (17) Dec. 

Superstructure des Voies des Chemins Fer Allemands.* Blum. 38) Nov. 


Traction Electrique sur Ligne Fayet Chamonix Frontiére Suisse.* 
Auvert. (38) Nov. 


Atelier Broyage pour Préparation Ballast.* (34) Nov. 

Automotrices Couplés Chemin Fer Blankenese Ohlsdorf par 
Hambourg (Allemagne).* Vergnier. (33) Nov. 

Die Konstruktion von Hisenbetonstiitzmauern. Baumstark. (78) Oct. 26. 

Lokomotivbekohlung. Lutz. (82) Serial beginning Oct. 31. 

Die Klemmapparate der Drahtseilbahnen.* Pietrkowski. (50) 18. 


Railroad, Street. 


New Underground Railrcad through Berlin.* (15) Nov. 13. 

Report the Tramways and Light Railways Association Committee “Braking 
Arrangements and Sanding Gear Tramcars.” (73) Serial beginning Nov. 
(26) Nov. 20. 

Report the Union Elevated Railroad Chicago.* (17) Nov. 14. 
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Railroad, Street—(Continued. 


New Locomotives the Chicago City Railway.* (17) Nov. 21. 
Washington Street Tunnel, Boston.* John Hodgson. (15) Nov. 


27. 
Brake Shoe Methods and Costs the West Side Elevated Railroad, 
Chicago. (17) Dec. 


The Line and Track Department Headquarters the Brooklyn Rapid Transit 
System.* (17) Serial beginning Dec. 
New Standard Car for the Metropolitan Street Railway, New York.* 


(17) 
Sanitary. 


The Effect Wind.on Heating and Ventilation.* Whitten. (58) Nov. 

The Waterworks and Sewerage Monterey, Mexico.* (12) Serial beginning Nov. 

The Testing Laboratory the Bureau Sewers, Brooklyn, and Some Tests 
Sewer Pipe.* (14) Nov. 21. 

The for Building Triple Barrel Reinforced Concrete Sewer.* 

ov. 28. 
The New Sewerage System Baltimore, Md.* (14) Dec. 
Structural. 


Safe Steel Columns.* Worcester, Am. Soc. (54) Vol. 


‘Developments Pneumatic Foundations for Buildings.* 


Usina, Assoc. 
Am. Soc. (54) Vol. 61. 
Effect Earthquake Shock High Buildings.* Chew, Assoc. Am. Soc. 
(54) Vol. 61. 
The Concrete Engineering Structures, Informal Discussion.* 


The Solid Cylindrical Round-Ended Columns.* 


Lilly. (11) 
Rust. Thornton Murray. (Paper read before the Staffordshire Iron and' Steel 
Inst.) (22) Nov. 13. 


The Humboldt Savings Bank Building, San Francisco.* Derleth, Am. 
Soc. (13) Nov. 21. 


The World’s Largest Chimney: 506-Ft. Brick Stack for the Boston Montana 
Smelter Great Falls, Mont.* (13) Nov. 26; (14) Nov. 28. 

The Testing Portland Cement for Use the Tropics. (Abstract from Philippine 
Journal Science.) (13) Dec. (14) 

Modern Wrought Gas Pipe. Speller. (Paper read before the Amer. Gas 
Inst.) (24) Dec. 

Mode Durcissement plus Favorable pour des Ciments. (84) Oct. 

Cintrage des Murs (From Zement und Beton.) (84) 


Etude sur les Magasins Grains Elévateur Port Rosario. Barbet. (37) 
Serial beginning Oct. 31. 
Corrosion Fer l’Acier.* Henry Howe and Bradley Stoughton. 


Plattenbalken.* (78) Oct. 26. 
Die Betongefiillter Gessner. (78) 
Oct 


der Berliner Stadtischen Gaswerke Tegel.* Ernst Meier. (78) 

Fundierung des fiir das Oberlandesgericht Diissel- 
dorf. Franz Boerner. (78) Serial beginning Oct. 26. 

Ein Beitrag zur Berechnung der Rechteckigen Platten. Jovo Simic. (53) Oct. 30. 

Die Eisenbeton-Konstruktionen der Katholischen Garnisonkirche Kiel.* 


Jos. 
Gaugusch. (51) Serial beginning Nov. 
fiir Eisenbetonbauten. Emil Mérsch. (51) Serial begin- 
ning Nov. 


Versuche die und die Widerstandsfahigkeit Ebener Wandungen.* 
Bach. (48) Serial beginning Nov. 


Der der Armierung auf den Sicherheitsgrad von Eisenbetonbalken. 


Fritz 
von Emperger. (78) Nov. 20. 
Hochbauten, Zusammengesetzt aus Fertigen Betongussstiicken. Prime Kieffer. 
(78) Serial beginning Nov. 20. 
tiber die des Betons. (78) 
Nov. 20. 


Staking Out Curves Rough Ground. Robert Laird. (Abstract paper read 
before the Ontario Land Surveyors.) (86) Nov. 25. 


Water Supply. 
Rain and Run-Off near San Francisco, California.* 


Grunsky, Am. Soc. 
(54) Vol. 61. 
The Effect Temperature Changes Masonry (Dams).* Charles Gowen, 
Am. Soc. (54) Vol. 61. 
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Water Supply—(Continued.) 


with Two Electrically-Driven Pumps. Thomas Lindsay Galloway. (59) 


ol. 
City’s Right Meter Private Fire Services; Shaw Stocking Company City 
Lowell. (28) Sept 


Consumption the Hartford Water Works.* Ermon Peck. 
ept. 


Meter Rates. Walter Richards. (28) Sept. 
Rubber Pipe Joints.* Robert Spurr Weston. (28) Sept. 
Insurance Rates and the Water Service. Frank Barbour. 


The Adjustment Diversion Damages Storage Compensation.* Robert 
Horton. (28) Sept. 


The Sub-Aqueous Pipe and Electric Cable Way Gloucester, Mass.* Herman 
Spooner. (28) Sept. 


Pressure Fluctuations Turbine Pipe Lines.* Budau. 
Technical Society the Pacific Coast.) (1) Oct. 

Hydro-Electric Plant British Columbia.* (12) Nov. 

The and Sewerage Monterey, Mexico.* (12) Serial beginning Nov. 


Flow Water Pipes and Flumes.* Franklin Van Winkle. (64) Nov. 10. 


The Movable Dams and Lock the Power Plant the Chicago Drainage Canal.* 
(13) Nov. 12. 


Cost Data the Cold Springs Reservoir Construction, Oregon, Reclamation 
Service. (13) Nov. 12. 

Private Water Supply London.* (11) Nov. 13. 

Electrolysis Water Mains Newark, (14) Nov. 14. 

Diagram for Calculating Penstocks.* Richard Muller. (14) Nov. 14. 

The Preliminary Filters the Philadelphia Water Supply.* (14) Nov. 


Method and Cost Constructing Well Sinking Reinforced Concrete Caisson 
Curbing.* (86) Nov. 


Constructing Concrete Vaults for Valves.* Carroll Beale. (86) 


(Paper read before the 


Nov. 


The Plant the Uncas Power Company Scotland, Conn.* (14) 


Test Four Centrifugal Pumping Units Pittsburg.* (13) Nov. 
ec. 

The Dulzura Conduit the Southern California Mountain Water Co.; Extension 

Diego Water Supply.* O’Shaughnessy, Am. Soc. (13) Nov. 


The Water Purification Plant Toledo. Clark. (Paper read before 
the Ohio Soc. Mech., Elec. and Steam (14) Nov. 28. 

The Seepage Loss Water from Lined and Unlined Irrigation Ditches, with Some 
Costs Lining.* Etcheverry. (Abstract from Bulletin, Agri. Exper. 
Station, Univ. Cal.) (86) Dec. 

Methods and Some Costs Driving Stove Pipe Wells Long Island. Walter 
Spear. (Abstract paper read before the Mun. Y.) (86) Dec. 

Das Verhalten der Turbine bei Verschiedener Belastung. Bartl. (53) Serial 
beginning Nov. 

Die Wasserversorgung Landlichen Bezirken. Schmick. (From paper read 
the Verein fiir Gesundheitspflege Wiesbaden.) 

Nov. 14. 

Wassermessungen der Versuchsanstalt fiir Wassermotoren der Tech. 
Hochschule Berlin.* Ernst Reichel. (48) Nov. 14. 

der Bewegung Pumpenventile. Kérner. (48) 


Nov. 


Das Walzenwehr und die Wasserkraftanlage des Wiirttembergischen Portlandzement- 
werkes Lauffen bei Neckarwestheim Neckar.* (48) Nov. 21. 


Waterway. 


The Flood March, 1907, the Sacramento and San Joaquin River Basins, Cali- 
fornia.* Clapp, Am. Soc. E.; Murphy, Am. Soc. E.; 
and Martin, Jun. Am. Soc. 61. 

Methods and Costs Dredging the St. Lawrence River. (86) Nov. 11. 

The Dams and Lock the Power Plant the Chicago Drainage Canal.* 

Nov. 12. 
Structural-Steel Ore Dock Two Harbors.* 
The Present Condition Work the Panama Canal.* (14) Dec. 


Nouveau Port Fremantle (Australie occidentale).* Paul Privat-Deschanel. 
Nov. 
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CATENARY TROLLEY CONSTRUCTION. 


PRESENTED 7TH, 1908. 


The catenary trolley work the Denver and Interurban Railroad, 
details design and methods construction, exemplifies the 
special features involved the problem providing overhead sys- 
tem for electric operation roads using steam for motive power 
previous and during electrification. Such roads generally have 
rigid regulations, and the operation steam trains during the con- 
struction period imposes material limitations upon the work. The 
object this paper outline some the governing conditions re- 
lating catenary construction for such roads, and the means adopted 
meet these conditions this most recent instance. 

The Denver and Interurban Railroad part the Colorado and 
Southern Railway System. This the seventh large railroad system 
inaugurate electrical operation its lines, the other roads being the 
following: 


Baltimore and Ohio Railroad: 750-volt third-rail Baltimore 
Tunnel; 


papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and may 
sent mail the Secretary. Discussion, either oral written, will published 
subsequent number Proceedings, and, when finally closed, the papers, 
discussion full, will published Transactions, 
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New York, New Haven and Hartford Railroad: 600-volt trolley 
certain branches, and 000-volt single-phase catenary 
trolley the New York Division and other branches; 

Long Island Railroad: 600-volt third-rail suburban lines, and 
urban line; 

Pennsylvania Railroad: 600-volt third-rail West Jersey and 
Seashore Division; 

New York Central Railroad: 600-volt third-rail main line, 
and 600-volt overhead trolley West Shore Division 
and branches; 

Erie Railroad: 11000-volt single-phase catenary trolley on. 
Division, and 600-volt direct-current trolley 

other branches. 


Other large steam roads, now installing electrical equipment, are 
follows: 


Grand Trunk Railroad: 300-volt single-phase catenary 
Sarnia Tunnel and approaches; 

Michigan Central Railroad: 650-volt third-rail new Detroit 
Tunnel; 

Great Northern Railroad: 000-volt three-phase trolley Cas- 
cade Tunnel; 

Southern Railroad: 1200-volt direct-current trolley 
Alameda Mole suburban lines Oakland, Cal.; 

Pennsylvania Railroad: New York Terminal and Tunnels— 
electrical system not determined. 


The foregoing lists not include any interurban trolley lines 
which were originally constructed electric roads, the few short 
steam lines which have been changed over electric 

The Denver and Interurban Railroad the fifth adopt the single- 
phase system, and the third use volts the trolley. 

the foregoing lists there are five roads using the direct-current 
third-rail system, two using the 600-volt direct-current trolley system, 
five using the single-phase system, one using the direct-current 
trolley system and one using the three-phase alternating-current sys- 
tem. last two systems have not with general favor America, 
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and the single-phase system has been selected most the railroad 
companies whose decision electrify has been made since the com- 
mercial success this system has been demonstrated. The principal 
amerit the single-phase system lies the ability operate high 
woltage with single overhead conductor, and, therefore, transmit 
‘power long distances minimum number sub-stations and 
minimum quantity copper. These arguments apply particularly 
trunk-line operations, and this system, therefore, appeals especially 
the managers and engineers large railroads. the Denver and 
Interurban Railroad, tie extent curvature, the number cuts and 
fills, parallel tracks, sidings, and other local features have introduced 
into this undertakin many the principal construction problems 
which are likely single-track road with moderately 
heavy traffic. th. total length track this line, 


The lines electrified are shown the map, Fig. and consist 
main line from the city limits Denver Louisville Junction, 
and two branches thence Boulder. There also spur from the 


Marshall Branch Eldorado Springs. The portion outside the termi- 
nal cities equipped with the single-phase system. Within the limits 
each terminal, operation the 600-volt direct-current trolley 
system. The cars, therefore, are equipped with electrical apparatus 
suitable for operation either system. There are miles single- 
phase construction. In: Boulder, the railroad company has provided 
miles 600-volt direct-current construction. Denver, the cars 
are operated the city streets,.over the lines the Denver Tram- 
ways Company. 

The principal features involved the design and construction 
such overhead work are outlined the following notes: 

first cost electrification work for railroads 
high, but the cost electrical operation low, compared with 
steam-locomotive operation, provided the equipment properly de- 
signed, erected and maintained. High-voltage catenary work cannot 
receive the close daily inspection the track-walker, and, because 
this so, there the greatest necessity for thoroughness and per- 
manence the construction. Intelligence and experience, therefore, 
are premium this field engineering and operation. 

Rapid Construction details design and methods 
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construction must worked out with special reference rapid erect- 
ing operations. Time spent the drafting-room developing details 
which together quickly means much time and expense saved the 
field, where each construction operation repeated hundreds times. 
Much ingenuity can also exercised planning the field work. The 
accompanying photographs illustrate the quick methods construc- 
tion used the Denver and Interurban work. 

Work depends upon the proper equipment the 
work train. For pole-setting, derrick car provided (Plate LXVI), 
and, for overhead work, box cars are equipped with platforms 
the proper height for convenient operation (Fig. Plate LXVII). 
Where overhead obstructions exist, these platforms must collapsible. 
The*interiors the box cars are arranged with storage bins, work- 
benches, tools, ete. Where construction interfered with the 
operation schedule trains, the preparation work proceeds while the 
work train the siding, and everything arranged for progress 
with the utmost despatch soon the main line available. 

Poles.—Poles are set distance ft. in. from the center 
the track the inner side the pole. This sufficiently close the 
track that pole setting direct from the cars can done great ad- 
vantage. The figures Plate LXVI illustrate such work. record 
day’s work with such equipment, without interruption, 117 poles 
set, including digging holes and tamping. This was done with men. 
one instance, poles were placed their holes min. 

effectiveness the work train for 
setting depends somewhat the extent which the line may kept 
free from regular trains. Where interference infrequent, the work 
train can used advantage the manner indicated Figs. and 

Plate LXVII. The locomotive places the cars opposite the poles. 
and bracket erection proceeds four five poles simultaneously. 
soon the brackets are place, the locomotive couples the cars 
and moves on. The brackets, the type shown Fig. Plate 
can erected complete and adjusted the right height the rate 
150 per day, with men and work train cars. Fig. Plate 
shows the support placed the top the car for setting the 
bracket the proper height, allowance being made this setting for 
the deflection which will occur with the load the structure. 
Placing placing wires the derrick car arranged 
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carry the reels and pay the wire out over elevated rollers (Fig. 
Plate The best day’s run wire was miles 
strung and tied in. This took workmen and two train crews. The 
best day’s run stringing and splicing trolley wire was also miles, 
with workmen and one train crew. The best day’s record clipping 
messenger and trolley wire was miles with workmen and one 
train crew. working day consisted hours, with transportation 
from headquarters each day the company’s time, leaving about 
working hours. The ground-wires and feeder-wires are placed before 
the brackets are erected, and the wire paid out over the end the 
boom the derrick. 


Adjusting the intention, the design catenary con- 
struction this type, that the trolley wire shall remain nearly 
flat and the tension the messenger wire and trolley 
wire must determined with considerable definiteness between the 
minimum, which will prevent excessive deflection, and the maximum, 
which must within safe limits for the material. 

the Denver and Interurban work the sag table used was that 
given Fig. verify this table special dynamometer was 
provided, consisting calibrated car-spring. The setting the 
tension the messenger and trolley wires using this dynamometer 
The use this dynamometer disclosed point interest connec- 
tion with the erection long lengths wire and cable. For 
average sag the messenger cable, which, according the sag table, 
should result tension 2300 the dynamometer showed 
initial tension 6000 Ib. This initial strain decreased 4000 Ib. 
before quitting, and, after expansion and contraction over night, came 
down the figure the sag table. This excessive initial strain 
occurred portion the line which full curves, and was due 
the lack equalization between the different spans 1-mile sec- 
tion. tangents, the initial strain was between 3500 and 4000 
This point borne mind the proper elastic 
limit for such wires and cables. 

Pole with semaphores and other heavy struc- 
tures wooden poles has shown that such poles deteriorate most 
rapidly the ground line and points where bolts pass through the 
pole. With this experience mind, the Denver and Interurban 
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brackets have been attached the poles with pole collars (Fig. 
Plate and bolts pass through the poles. 

Treatment Pole increase the life the ground line, 
the poles have been treated with carbolineum. 

the Denver and Interurban work, ground-wire, 
consisting stranded galvanized-steel cable, has been strung 
over the pole tops for the entire length the line. This wire has 
number functions: 


affords means for grounding the brackets and cross-spans 
that working upon these parts safe; 

The ground connection the running rails can made 
every fifth pole instead every pole, would 
necessary without this cable; 

affords third circuit parallel with the two running rails 
for the return current; 

Being ground potential and elevation above the trolley 
wire, affords effective lightning protection; 

cheaper construction than the grounding each bracket 


the running rail and the addition lightning 
arresters. 


Track Connection Ground-Wire.—Cross-bonding the two run- 
ning rails necessary frequent intervals. placing these cross- 
bonds opposite every fifth pole possible use the cross-bond 
means connecting the ground-wire the track, shown Fig. 
track connection this kind subject abuse the section men, 
and also from the vibration due trains. rather heavy ground-rod 
necessary for protection from the section hand, and flexible con- 
nection the rail necessary because the action the trains. 
The combination these requirements best provided for the 
manner illustrated. The conductor this case iron 
strap. The flexible connection the rail obtained attaching 
this strap the center the cross-bond. This gives connection 
each rail. The cross-bond subject the abuses track repairers, 
but minimum extent. The figure illustrates the track connection 
for cross-span construction, but the same arrangement used for 
bracket poles. 

Grounding the Running Rails.—In order avoid any considerable 
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potential between the running rails and the ground, necessary 
provide ground-plates frequent intervals, with adequate connections 
between these and the running rails. 

Iron and Steel Work.—Most the iron and steel parts used 
catenary construction are small cross-section. For long life, 
preservative coating necessary. Proper inspection, cleaning, and 
painting are accomplished with difficulty, and, although such care 
essential, there considerable probability neglect. short-lived 
coating, therefore, not sufficient. Galvanizing seems the only 
suitable method protection thus far developed. The combined action 
elements and locomotive gases galvanized work has been 
watched carefully. The locomotive exhaust forms hard deposit 
wires placed directly above the center the track, and this deposit 
seems act. preservative coating over the galvanized surface. 
this work there special necessity for ample thickness un- 
galvanized sections, because the difficulty involved adequate in- 
spection and painting. 

Trolley essential that the trolley wire shall all times 
under sufficient tension avoid appreciable sag between the 10-ft. 
supports. With catenary construction, the type herein referred to, 
tension least lb. necessary order that the pantagraph 
shoe may ride smoothly under the trolley wire. With lower tension 
there will chattering the pantagraph, and abnormal wear the 
pantagraph shoe and trolley wire. the minimum tension 100° 
fahr. 2000 the theoretical strain fahr. will approxi- 
mately 5000 shown the curve sheet sags, Fig. The 
actual strain will some indeterminable figure less than this, depend- 
ing the general elasticity the system. The average tensile 
strength 4/0 hard-drawn copper wire when new 50000 per 
sq. in., 8310 lb. for 4/0 wire. The elastic limit Ib. per 
sq. in., 5817 lb. for 4/0 wire. the copper wire reduced 
wear, the tensile strength reduced more rapidly than the physical 
section, because the center not strong the skin. “Phono- 
electric” wire has physical characteristics which are much better suited 
this service, follows: 


Tensile strength: lb. per sq. in., 11330 lb. for 4/0 
wire; 
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Elastic limit: about Ib. per sq. in., 640 lb. for 4/0 
wire; 

The material homogeneous throughout; 

The material considerably stiffer than hard-drawn copper; 

The wire may worn the permissible the hanger 
fastenings before the strain minimum temperature 
will equal the elastic limit the reduced section. 


The conductivity this material about 45% that hard- 
drawn copper, but, alternating-current railway work, this 
less importance than direct-current work, for several reasons. The 
track resistance much higher than with direct current, because 
the self-inductive effect the rails, which are magnetic material. 
There is, also, additional drop the circuit, due the induction 
between the trolley wire.and the rails. 

Taking all these factors into account, the increase the combined 
drop, resulting from the use this material with low conductivity, 
only per cent. Furthermore, the circuit has for 
the maximum load, and the daily average small proportion this, 
the the average energy loss inconsiderable. 

view the cost labor and supplies renewing the trolley 
wire, and the interference with operation while this work going on, 
the advantage long life apparent. Therefore, the physical ad- 
vantages are largely favor the Phono-electric wire, and the elec- 
trical disadvantages which offset these are not serious. This material 
used the Denver and Interurban work. 

splicing sleeves, which the trolley 
bent short radius, not preserve the full strength the trolley 
wire, the outer fibers the bends are strained beyond their elastic 
limit. For this work, where the higher strains are necessary, 
above stated, essential that the splicing sleeve, including the 
ends the trolley wire connected thereto, shall have the same strength 
the main body the wire. this end, the wire must enter the 
splicing sleeve with practically bends. The best sleeve thus far de- 
veloped one the style indicated Fig. which the joint 
made with solder. 

Trolley Hangers.—The trolley wire supported from the messen- 
ger wire intervals ft. The supporting device, “hanger,” 
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varies length according the sag the messenger cable. many 
thousands these hangers are used, important that the design 
suited the special conditions erection and operation. The 
Denver and Interurban hanger, illustrated Fig. embodies the 
following features: 


The trolley clamp and hanger rod can assembled the work 
car before 

The operations necessary when erecting are such that they can 
performed with the utmost speed; 


DETAILS DEAD-END 
AND SPLICING 
TROLLEY SLEEVES 


% 


Note: Material Rolled Bronze SECTION 
ae apply for Bronze having an 
Itimate Tensile Strength of at least 40 000 Lb.per Sq.In, 


SOLDERED TROLLEY DEAD-END SLEEVE 


Note: Material Rolled Bronze 


HALF SECTION SIDE VIEW 
SOLDERED TROLLEY SPLICING SLEEVE 


SECTION A-4 END VIEW 


The hanger can easily loosened, when necessary pull the 
slack out the trolley wire; 

All nuts move freely, but lock position; 


insulation failure high-tension electric system 
means tke loss power over the entire section which the trouble 
occurs. inay mean that number trains will brought 
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stand-still, and, unless the trouble quickly located, considerable 
blockade will result. This makes necessary that high-voltage trolley 
systems put minimize line troubles. This condition has 
led exhaustive investigation different types insulators and 
different methods construction. Porcelain the best material thus 


ADJUSTABLE TROLLEY HANGER. 


far found for insulating purposes, and, with sufficient factors safety 
against mechanical strain and electrical tension, catenary structures 
insulated with porcelain have been found very reliable. The insulator 
used straight-line work the present case illustrated Fig. 
Plate LXX. This triple-petticoated insulator designed for regular 
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operation 22000 volts. Each insulator was tested the factory 
with volts when dry and with 000 volts when subjected 
artificial rain. The same insulator used the “steady strain” de- 
scribed below. For pull-offs, disc-type insulator used, illustrated 
the upper part Plate LXIX. This insulator will stand com- 
bined mechanical strain 6500 and electric tension 30000 
volts. For dead-ending work, spool-type insulators are used, il- 
lustrated the lower part Plate LXIX. These insulators, when 
properly harnessed, shown Plate LXIX, can subjected 
combined test 14000 lb. compression and 55000 volts electric 
potential. All strain insulators are used two series double 
the electrical factor safety; and the harness interlaced, that, 
should one insulator break, the structure will not fall the ground, 
but the remaining insulator will adequate, electrically, permit 
the continuation operation until repairs can effected. 

Steady keep the trolley wire position vertically 
below the messenger wire curves, necessary use special 
device known “steady strain.” The construction must such 
that case will interfere with the pantagraph trolley. The 
steady strain must insulated from the supporting bracket. The 
insulator and the means fastening the bracket are necessarily 
heavy, and, should they become disconnected from the bracket, would 
sag position where they would below the plane the panta- 
graph. provide against this emergency the steady strain used 
the Denver and Interurban road new design, and arranged 
that case breakage the insulator and the parts attached thereto 
are automatically released from the member attached the trolley 
wire and fall the ground, thus preventing interference with the 
pantagraph. This device (Fig. Plate inexpensive 
effective. 

avoid the possibility the pantagraph becoming 
caught the diverging wires turn-out, customary pro- 
vide arrangement called “deflector,” consisting 
wires suitably mounted between the two trolley wires. The device 
used the case under discussion illustrated Fig. and also 
Fig. Plate LXVIII, and Fig. Plate LXX. 

Cross-Spans.—The cross-span construction for work 
the Denver and Interurban Railroad illustrated Fig. The en- 
tire structure grounded for safety. 
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Offset Trolley the Denver and Interurban work the 
pole setting curves has been such will permit keeping the 
trolley wire within in. line directly above the center the 
track. The poles were spaced according the figures Table 


TABLE SPACING. 


Degree curvature Divergence trolley wire 
track. Pole spacing, feet. from track, inches. 
Tangent. 120 
1 120 1,87 
110 
3.06 
3.37 
3.06 
2.64 
2.94 


Many roads have used greater offsets than shown Table 
order save poles, but should borne mind that the use 
overhead conductor permanent position above the tracks has 
material effect upon existing practice maintaining roadbeds. Hither- 
to, the tracks have been constantly shifted the section men the 
correction the alignment and ballasting, and there have been 
close limitations. With catenary work above the track, the section 
man forced work within close limits. For instance, in. super- 
elevation one rail means in. deflection the pantagraph. 
this bump the track and causes the car sway, the divergence 
may considerably more. this happens curve, the deflection 
the pantagraph and the offset the wire act together. Obviously, 
will some time before section men are trained the necessity 
close work, and they should given much latitude possible. 
This means that there should little offset practicable the 
original design. Furthermore, the use small deflections means 
minimum side strain the structure, and, therefore, minimum 
likelihood displacement insulators, steady strains, With 
wood poles present prices, adherence this practice using small 
offsets does not materially affect the cost. 

Advantage Light Supporting Structure—The use wooden 
poles for catenary construction many respects preferable the 
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use heavy steel bridges. The principal advantage the ease 
repair. unfortunate for catenary work that the supply wooden 
poles rapidly diminishing. equally light, but strong, substitute 
desirable. The question naturally arises what will happen 
the catenary structure, the poles are struck derailed train. One 
answer this question was given the case similar catenary work 
for the Erie Railroad. derailment the work train occurred dur- 
ing the construction period, and the caboose was driven into one 
the electric poles. The pole was cut off the ground line, the in- 
sulator torn loose, gnd the pole thrown one side entirely free from 
the work. The tie-wire, which the messenger cable 
attached the insulator, acted safety connection such case, 
as, breaking, released the catenary structure from the bracket 
and pole. With the tensions used the ordinary catenary structure 
the Denver and Interurban, two adjoining poles may destroyed 
and the trolley wire will only sag 174 ft. above the track the 
maximum case. 

Sectionalizing the Trolley Wire—For convenience locating 
faults which may develop the catenary construction, advisable 
divide the conductor into sections miles length. These 
sections are normally connected make continuous circuit, 
the connections being through switches which can opened for test. 

Clearance Overhead Obstructions.—The proper height for the trol- 
ley wire above the running rail ft. This means standard height 
ft. for the clearances through and under bridges, and still 
greater clearances for other overhead obstructions wherever physical 
conditions permit. large majority cases, new construction can 
designed for ft. clearance without much difficulty material 
addition recommended that railroads adopt this the 
standard height for clearances the future, except for tunnels, 
municipal bridges, where other conditions govern. For clearances 
less than ft. special constructions the catenary work have 
provided, which are more less objectionable. 

Hard Spots Catenary high-speed operation, 
essential for satisfactory operation the pantagraph that the maxi- 
mum flexibility the overhead structure maintained all points. 
For this purpose, important that heavy weights and hard spots 
kept out the system wherever possible. 
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Bonding.—Experience with the numerous types bonds which 
have been placed the market indicates that wherever possible the 
bonds should placed under the splice-bar. Bonding the tracks 
road which constant use difficult and slow operation with 
bonds this type, but the advantage gained the way per- 
manence and security warrants the trouble. 

Repair Work.—In view the fact that line trouble usually means 
loss power, the work train cannot taken the fault elec- 
tric locomotive; therefore independent unit should provided, 
that is, either steam locomotive gasoline car, preferably the 
latter, because the stand-by losses such car are small, and can 
quickly put into service. 

Power power for operating the cars the Denver 
and Interurban Railroad furnished the Northern Colorado Power 
Company from its power-station near Louisville. For this purpose, 
two single-phase turbo-generators are provided. Two feeders 
connect this power-station with the center distribution Louisville 
Junction. The switch connections Louisville Junction are such 
that both feeders may serve all three legs the trolley simultaneously, 
one feeder may serve the main line and the other feeder serve the 
two branches (Fig. 1). Single-phase generators necessarily cost con- 
siderably more than generators designed deliver the same 
into three-phase system, and some preferable generate 
three-phase current and serve separate sections the trolley line from 
each the three phases. general rule, however, where new 
generating equipment provided for single-phase operation exclu- 
sively, the advantages are favor the single-phase generation, even 
the increased cost. 

Telephone and Telegraph current has 
inductive effect parallel telephone and telegraph circuits, caus- 
ing interference with the operation such circuits unless special pro- 
tective means are used. Simple devices have been contrived for over- 
coming this interference, that there now but little difficulty with 
the operation such parallel circuits. most the single-phase 
roads there telephone system the same poles the trolley 
line, and, with proper transpositions and suitable means for removing 
the induced charge from the telephone line, operates very satis- 
factorily and without shock the operators. 
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Cost.—The cost this catenary construction varies between rather 
wide limits, depending the amount electric train service 
operated, the physical conditions curves, grades, obstructions, 
and pole foundations, and the amount traffic the line during elec- 
trification. These conditions affect the cost both material and labor. 
The labor operations mentioned this paper are those performed un- 
der most favorable conditions. has been found that, because 
conditions beyond the control the designer the construction crew, 
the amounts work per day may cut one-third, even low 
one-seventh, the figures given herein. general, may said 
that, under favorable conditions, catenary construction 
wooden poles, with conductors sufficient for half-hourly operation 
trains, and including track bonding, costs from $3500 
000 per mile single track electrified. 
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TRUNK PACIFIC BRIDGE FORT WILLIAM, 
ONTARIO, CANADA. 


PRESENTED SEPTEMBER 1908. 


This paper outlines the construction methods used sinking the 
piers for the Grand Trunk Pacific Railway Bridge, crossing the 
Kaministiquia River, Fort William, Ontario, Canada. 

The proposed terminals the Grand Trunk Pacific the head 
Lake Superior are separated from the main line the Kaministiquia 
River. the bridge site the river has maximum depth about 
ft. low water, being that stage 325 ft. width. The north bank 
the river, which the draw span the bridge swings, steep, 
and rises height about ft. above water. The south bank 
low, sloping from the river grade 10. 

Test borings, taken the bridge site during the winter 1906-07 
the railway engineers, showed stratum firm blue clay, about 
ft. thick, covering layer water-bearing gravel varying thickness 
from ft. The water contained this gravel was under sufficient 
pressure maintain steady flow through several the 


papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and may 
sent mail the Secretary. Discussion, either oral written, will 
subsequent number Proceedings, and, when finally closed, the papers, with 
discussion full, will published Transactions. 


q 


| 
| 
| 
q 
| 
q 
- 
q 


PLATE 
PAPERS, AM. SOC. 
AUGUST, 1908. 
WILEY 
SINKING BRIDGE PIERS. 


| 
4 


t 

q 

7 


7 


Papers.] SINKING BRIDGE PIERS 559 


test holes, and, when confined, rose elevation ft. above 
the river level. This gravel underlaid with bed-rock, from 
ft. below the water surface. The rock surface comparatively level, 
dipping the north about degrees. 

The plans prepared the railway showed only the general design 
the two piers, the details and construction methods being left for 
field decision. The pivot pier consists steel shell, ft. diam- 
eter, sunk bed-rock and filled with concrete. The south pier com- 
posed two smaller shells, set side side. These are ft. diam- 
eter, and ft. apart from center center. 


SKETCH FOUNDATIONS 


FORT WILLIAM, CANADA 


Pivot Pier 


The plans called for plate, single-riveted the horizontal 
seams, and double-riveted the vertical seams, and rivets with 
round heads. The contract for the work having been let the latter 
part August, 1907, interval about months remained before 
severe cold weather would set in, closing navigation and rendering all 
outside work more costly. Therefore operations were begun imme- 
diately. 

For the falsework the pivot pier, two rings piling were driven 
about the center the pier, the diameter the inner ring being 
ft., and the outer one ft. These piles were cut off and capped 
above the water. The caps were 12-in. fir timber, radial 
the center the pier, and overhanging the perimeter the 
ft. There were twenty piles each ring. These were cross- 
broced and tied securely, making the structure-as rigid possible, 
lessen any movement that might caused the current, which 
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varied from miles per hour. The piles were driven gravel, 
prevent settlement the finished falsework. The structure was 
then decked and circular track built upon it. This track was for 
small derrick car, the purpose which was pick the plates 
forming the shell, carry them place, and hold them position while 
being bolted ready for riveting. 

slot, in., was cut through the caps where their center lines 
intersected the perimeter the steel shell, and casting, through 
which “hanger rods” worked, was set each cap. The hanger rods 
were for holding course plates during riveting, supporting the 
finished shell until the river bottom was reached, and for controlling 
the movements the shell until rested bed-rock. The rods were 
ft. long, steel, threaded, and eye Swede iron was 
welded the lower end each. hung these eyes, 
connected the hanger rods and the plates forming the shell. There 
were two hanger rods each cap, in. from center center, one 
outside the shell, and one within it. The hook-plates covered four 
rivet holes, and were bolted the steel plates while the derrick cer 
held them suspended, the weight the plates being transferred the 
hanger rods slacking the chain blocks with which the derrick car 
was rigged. 

The plates were steel, ft. long and ft. wide; they were 
curved radius 154 ft., and weighed about 1100 lb. each. There 
were 130 plates.in the shell; vertical courses plates each. The 
time required swing the plates for one course from the storage 
the derrick car, and bolt them ready for riveting, averaged 
about hours, min. for each plate. Five courses were riveted 
when the shell touched bottom. The weight the shell caused 
penetrate the bottom average depth ft. 2-in. water-jet 
was then rigged from single-cylinder, 6-in. steam force pump, and 
this means the material the cutting edge was disturbed 
ciently permit further settlement amounting about ft. 

outside hanger rod was then carried back the pile carry- 
‘ing the cap from which the rod was suspended, and bolted the pile. 
‘thus tying the inner end the cap place. Jacks were placed 
each cap, resting the edge the shell, and the combined action 
the water-jet and twenty jacks forced the shell about ft. farther 
into the bottom, the total penetration being this time ft. 
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The shell was then pumped out. the water was removed, 
course bracing was placed each horizontal seam the shell. 
This bracing was 12-in. hemlock, four timbers being set 
the form square. Two squares were placed together, one being 
turned 45° about the center the pier, thus forming star-shaped 
set bracing, giving eight points support the sides the shell, 
and leaving octagonal central opening about ft. across. 

Five days after the shell was cleared water, the material under 
the cutting edge gave way, and the shell filled, the blow being confined 
about ft. the perimeter. This hole was carefully filled, and the 
shell pumped out again, only blow out, about hours later, 
different point. 

this time flow water within the shell was noticed, coming 
apparently from one the holes left the test borings, and being 
approximately equivalent the flow from 4-in. pipe. was evident 
that there would great difficulty keeping the shell cleared 
water, and attempt was made sink still farther into the river 
bed. was loaded with 175 tons steel rails, the jacks were placed 
position before, and was forced downward another ft., the 
total penetration then being ft. Another attempt clear the shell 
water, resulting failure, indicated that the flow from the gravel 
had destroyed the integrity the material within the shell. This 
method was abandoned and the work proceeded follows: 

The overhanging caps were cut off, and two more courses steel 
were riveted up. Timbers were placed across the top the shell, and 
tight floor, about ft. from water level, was hung from these timbers, 
within the shell. form was built, following the octagonal outline 
the inner opening left the timber bracing, and concrete was de- 
posited between this form and the steel shell. Meanwhile, derrick 
was erected fender crib which had been sunk immediately 
stream from the pivot pier, and excavation was commenced within the 
shell, using orange-peel bucket. The settlement the shell was 
constant from this point, and, sank, the ring concrete was 
carried upward, thus forming steel-protected pipe drum, having 
outside diameter ft., the inner opening being octagonal. 

When the shell finally reached rock, the surface the rock was 
cleaned, and layer concrete about ft. thickness was deposited 
under water, which sealed the flow from the water-bearing gravel and 
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allowed the removal the bracing. When the timber was removed, 
the interior opening was filled with concrete, forms were built the 
water level, and the pier-was carried its final elevation. 

The concrete used was 1:3:5 mixture, the gravel and sand being 
brought train from point thirty miles distant the line the 
Grand Trunk Pacific. This material was clean, and its natural 
state closely approximated the required proportions. Tests were made 
from time time determine its condition, and enough sand was 
added make comply with the specifications. Screening was con- 
sidered unnecessary. prevent the concrete from freezing, the sand 
and gravel were heated. Three heaters, made from sections 36-in. 
cast-iron pipe, were placed near the stock piles. Wood for heating 
purposes was plentiful, and the cost heating all material averaged 
about $1.00 per cubic yard concrete. The materials were conveyed 
the mixer cars, and the concrete was swung the derrick the 
fender crib using second derrick located the river bank. After 
the ice formed, the derricks exchanged boxes the ice, and the mixer, 
running constantly, kept one batch concrete moving all times. 
The batches averaged cu. ft., the average output being cu. yd. 
per hour. 

the concrete, pieces stone, containing from cu. 
were placed the derrick the fender crib. These stones were 
heated immersing them tank hot water for few minutes, 
the volume being indicated displacement scale marked off inside 
the tank. this way check the total volume material was 
obtained, the combined volumes stone and concrete equaling the 
quantity indicated from measurements made inside the shell. The 
total quantity stone and concrete this pier 200 cu. yd. 

Conditions the smaller pier the south side the river were 
somewhat different, the water being only ft. deep, and bed-rock 
ft. from the water surface. 

This pier consists two concrete-filled steel shells, ft. diam- 
eter, set side side right angles the center line the bridge, 
with space ft. between them. similar that the 
pivot pier, was erected. handle the steel plates, derrick was 
placed the center line the bridge, resting three small cribs 
sunk for the purpose. 

The lined with concrete they sank, and, owing the 
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fact that they could pumped out, about two-thirds the total ex- 
cavation was completed the dry, the derrick disposing the ma- 
terial was excavated. The shells were way connected, but 
were carried down with nearly the same amount progress 
possible. The general progress was jumps from ft. The 
steel was carried high enough all times prevent any chance 
the shell disappearing beneath the surface. The progress could 
closely controlled the amount excavation. The shells were 
brought place finally with difference elevation less than in. 
Along the center line the bridge, they were about in. out posi- 
tion. This was corrected when the forms were built the water line, 
where slight offset had been provided for such contingency. 

There are 1055 cu. yd. concrete this pier, the same mixture, 
being used the pivot pier. The two shells were joined 
the top reinforced concrete beam. The sand and gravel for this 
pier had been placed the south bank the river before the close 
navigation. This material was dredged from the bed Lake Superior 
during the summer, and was used without screening. The mixing 
plant for this pier was located the south bank, and the concrete was 
eonveyed the derrick cars running track laid the ice. 

was thought that difficulty might arise from the shrinkage 
the concrete inside the shell, with consequent destruction the bond 


between and the steel, and, prevent this, the first course con- 


was allowed set under water, where some expansion would 
occur. The concrete the piers was kept warm, where exposed the 
air, covering the piers and turning live steam into the enclosed space. 
The conerete below the ice line, and under water, was, course, 
danger from freezing. 

The steel shells were rendered water-tight caulking them the 
laps, and driving small triangular wedge the scarfs. The re- 
sistance the material through which the shells were sunk was 
found vary from 275 320 Ib. per sq. ft. This the net skin 
friction, after deducting the resistance caused the cutting edge, 
the the plates, and the rivet heads. 

cutting edges were reinforced riveting, the lower course 
steel, additional plate, ft. wide. This was considered 
sufficient, the test borings had shown the material clear, and 
free from sunken trees boulders. 
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The riveting and caulking were done with air, the compressor 
ing the locomotive type. Owing the atmospheric moisture, 
the air line and hammers times gave some trouble, due the intense 
cold. 

The plates for the shells were punched and bent Chicago and 
shipped ready for erection. They were fitted easily and rapidly, 
the work bending and punching had been done well and carefully. 

Work was carried rapidly possible, three shifts being em- 
ployed the concrete times. The total time consumed this 
work, disregarding lapses and minor delays, was about months. The 
cost the two piers was about $60 000. 

The work came under the supervision Mr. George Knowlton, 
Division Engineer charge the Lake Superior Branch the 
Grand Trunk Pacific Railway. The writer designed the lay-out the 

plant and the method construction, and was charge the work. 
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THE HYDRO-ELECTRIC DEVELOPMENT AND 
TRANSMISSION LINES THE CANADIAN 
NIAGARA POWER COMPANY. 


History AND GENERAL SCOPE THE DEVELOPMENT. 


soon the hydro-electric development The Niagara Falls 
Power Company, Niagara Falls, Y., was fairly under construc- 
ion, the attention capitalists was attracted the water-power 
possibilities the Canadian side the Niagara River. The condi- 
tions for development there differed materially from those the 
American side, owing the fact that all the land adjoining the 
Horseshoe, Canadian, Falls was and owned the Province 
Ontario, being reserved public park and administered Park 
Commission. evident inspection Fig. the Queen Victoria 
Niagara Falls Park embraced all the most desirable sites for power- 
plants, and, the entire lower bank the gorge from the Falls 
point near Lake Ontario was included the Park Reserve, was 
evident that hydro-electric development could take place only 
arrangement with the Park Commissioners. 
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Accordingly, April 7th, 1892, agreement was entered into 
between Messrs. Albert Shaw, Francis Lynde Stetson, and William 
Rankine (representing company thereafter incorporated), 
and the Commissioners for the Queen Victoria Niagara Falls Park, 
granting exclusive rights for taking and using the waters the 
Niagara River within the limits the Park, excepting certain 
minor grants had previously been made. The agreement provided for 
the payment certain rentals, which increased from year year and 
were independent the amount power developed. 

view the present state the art, interesting note that 
the company was granted the right generate and transmit pneumatic 
power well electricity, thus showing that, the minds the 
incorporators, least, the success the generation and transmission 
electric power was not assured dispense with provision for 
other forms power. 

The agreement further provided that, before November 
1898, the company should complete water connections for the develop- 
ment 25000 p., and should that date have ready for use and 
transmission 10000 The agreement with the Park Commissioners 
was ratified the Legislative Assembly the Province Ontario 
April 14th, 1892. The company formed carry the power 
development wus known the Canadian Niagara Power Company. 

reference Fig. will seen that there was body 
water separated from the rapids above the Falls Cedar Island. 
the original plans was proposed deepen this natural channel 
and connect with the river wide mouth the 
Cedar Island. Such canal was supply- water three successive 
developments 50000 each, two tunnels being provided for dis- 
charging the water north the Horseshoe Falls. There were numer- 
ous engineering objections the plan proposed, and is, indeed, 


doubtful whether plant thus located could have been operated 


cessfully during adverse ice conditions. locating and designing 
power-plant beautiful park, well engineering, 
conditions must conformed to, and such conditions affected not 
only the site originally selected but also that finally the 
question harmony with the surroundings being ever present the 
minds the designers. 

construction took place the point described. Many the 
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capitalists were interested both the Canadian Niagara Power Com- 
pany and The Niagara Falls Power Company, and, during the 
years from 1890 1900, the latter company was working out many 
novel problems hydro-electric development, and was desired that 
the Canadian company should take advantage all the experience 
gained the design and operation the American plant. 

The period referred the original grant thus elapsed with only 
nominal amount work being done, and, July 15th, 1899, 
supplemental agreement was entered into between the Canadian Niagara 
Power Company and the Park Commissioners which rescinded that 
clause the former agreement which made the company’s rights for 
the use water practically exclusive one, made the rental partially 
dependent upon the amount power generated, and extended the 
time for the completion the first development July 1st, 1903. 
The time which the company was have ready for use, supply, 
and transmission 20000 was afterward extended agreements 
and legislative enactments January 1st, 1905, and the requirements 
were complied with that 

The agreement July 15th, 1899, provided detail that not 
only the designs the works the company but also the manner 
their construction subject the approval the Park 
Commissioners, and the document was accompanied the map shown 
Fig. indicating the point which the first development was 
take place, well the general character its design. The dotted 
lines Fig. indicate the outlines the slough back Cedar 
Island. will noted that the works have been moved the 
river from the site originally selected. The length the discharge 
tunnel was thus increased, but the form and location the inlet canal 
were better suited meet ice conditions. But small saving could 
have been effected utilizing the natural watercourse, was shal- 
low. evident that the ideal location for the power-house was 
the shore the river opposite its present position, but objections were 
made such site the ground that building that point would 
interfere with the view the rapids. 

The plan shown Fig. contemplates ultimate development 
100 000 twenty units 5000 each, with two spare 
machines. This plan was one the general drawings accompanying 
the agreement July 15th, 1899, previously referred to. Thus far 


4 
| | 
| 
7 
| 
q 
| 


PLATE 
PAPERS, AM. SOC 
AUGUST, 1908. 
VAN CLEVE 
THE CANADIAN NIAGARA POWER PLANT. 


OUTER ICE RACK. 


k | 
7 
¥ 

| 
ing 

far 


L 
4 
7 


the course the design, units capacity greater than 5000 
not been contemplated, but the state the art had advanced 
that 1901 inquiries submitted manufacturers 
both hydraulic and electrical machinery elicited favorable replies 
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their ability design and furnish machinery for units 10000 


SECTION OF CANAL AND POWER-HOUSE ON LINE “op” 
Scale of Feet 


100 150 


Power House 


at 


Wheel Pit 00) 
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CANAL AND 
DEVELOPMENT 15000 WITH WATER 


CONNECTIONS FOR 25000 H. P. AND PROVISION FOR 
EXTENSION FOR DEVELOPMENT OF 100000 H.P. 


Scale of Feet 
ew 2u0 400 


The larger unit was adopted for the final design, the following 
being among its advantages: 


(a)—Somewhat lower cost hydraulic machinery per horse- 
power developed; 


lower cost electrical machinery per electric 
horse-power developed; 
(c)—Decreased length canal, wheel-pit, and power-house, 


thus effecting large economy the cost excavation 
and masonry; 
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(d)—Opportunity for increased development within the area 
the Park assigned the Canadian Niagara Power 

(e)—Convenience and economy operation due the reduc- 
tion number units, being remembered that the 
bus-bars the plant under consideration were 
connected with those the power-houses The 
Niagara Falls Power Company, where 5000-e. 

units were available subdivide the load. 


The increase the size the units, course, resulted changes 
the entire design the plant, and Plate shown the 
general arrangement finally adopted. 

the time the agreement July 15th, 1899, was the inten- 
tion provide water connections for 000 only, and excavate 
wheel-pit for only five units 5000 Before any contracts 
were let, was decided make water connections for 50000 and 
excavate wheel-pit 250 ft. long, two units 10000 
installed. Finally, February 2d, 1903, contract was let for the 
completion the canal and wheel-pit their full capacity. The 
plant, now constructed, consists canal, wheel-pit, and tunnel 
having designed capacity 100000 p., installation five 
units, each having nominal capacity 10000 p., and power- 
house sufficiently large enclose them. 

Having given the foregoing introductory remarks regard 
the history and general scope the development, the writer will now 
describe the more important features the several parts the plant. 


CANAL. 


order obtain sufficient depth water the entrance 
the canal, was evident that portion the river bottom would 
have unwatered, that the necessary excavation might proceed. 
was perilous matter obtain the rapids the soundings which 
were requisite for determination the limits within which 
excavation was necessary, but, after several narrow escapes the 
turbulent current leading the Horseshoe Falls, the necessary 
soundings were obtained and coffer-dam constructed enclose the 
desired area, depth ft. water being secured where possible. 
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The coffer-dam consisted two rows rock-filled cribs with puddle 
space between, additional tightness being secured double sheeting 
and concrete toe the inside. Fig. Plate shows the 
coffer-dam the stage when the puddle was being placed, and, 
shown this photograph, the turbulence the water gives idea 
the difficulties encountered its construction. 

The removal the coffer-dam proved almost difficult problem 
its construction. The progress made the contractor was 
slow that, view the necessity operating the plant, the engi- 
neers had assume control this work. The method finally adopted 
illustrated Fig. Plate LXXIV. The rock was removed the 
water line hand, the puddle was dredged orange-peel bucket 
attached Brown hoist, and the turnbuckles uniting the cribs were 
blown apart dynamite. The upper timbers were removed, the cribs 
were racked light charges, pulled apart the heavy traveling der- 
rick shown the left, and the remaining material was dredged with 
the extra heavy orange-peel bucket. Soundings determined when the 
original surface was uncovered. Unusually severe winter weather added 
materially the difficulty the work. 

Plate shows the form and dimensions the finished canal 
and its relation other parts the plant. The water areas are 
selected that, when 100000 being generated, the average 
velocity, with the water low stage, will 2.7 ft. per sec. the 
entrance, ft. per sec. under the bridge, and 2.35 ft. per sec. through 
the submerged arches separating the forebay from the main canal. 

Bridges were necessary carry driveway and double-track 
electric line across the canal and ice sluiceway. Occupying promi- 
nent position the Park, was desirable that the bridges should 
present pleasing appearance, and reinforced concrete arches faced 
with limestone were adopted, there being five spans ft. each 
the canal crossing. special difficulties were encountered the 
construction this bridge, and, notwithstanding the small ratio rise 
span (1:10), the settlement was negligible. 

The position the plant below the principal cascades the river 
makes the ice conditions difficult, the Niagara River carries large 
quantities ice during the greater part the winter. Normally, the 
most passes close the northerly side the river, but when the 
wind easterly and northerly large quantities are carried the 
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Canadian side, and, its progress down the rapids, finely broken 
and, the turbulence the water, carried great depth below 
the surface. Under certain conditions true frazil abundant, but 
far more prevalent the American than the Canadian side. The 
plant protected against ice the following manner: 

(a)—By rack 2-in. inclined bars, spaced in. apart, connected 
with steel framework carried the masonry piers the entrance 
the canal, such piers being shown the bottom Fig. This 
rack extends ft. below the normal water surface, and was originally 
intended ward off only large cakes ice. For the purpose keep- 
ing out fine ice, steel plates were afterward attached the rack, and, 
although only partly successful accomplishing their purpose, pro- 
duced unlooked-for result. The water outside the rack 
state violent disturbance, the waves being about ft. height. 
Before the attachment the plates, the rise and fall the water 
surface inside the rack was the same that outside, but the plates 
naturally produced stilling effect and the river surface was alter- 
nately higher and lower than that the canal. This alternation 
relative levels had the effect constantly recurring series blows 
upon the piers which the rack attached. Although the several 
courses masonry were connected with two rods, these were 
some cases broken, and the upper portion the piers tilted inward. 
has become necessary strengthen the piers the addition 
two 2-in. rods carried from the top into the ledge rock ft. below the 
bottom. Fig. Plate clearly shows the rack origi- 
nally constructed and the bridge previously referred to. Afterward, 
railing and electric light poles were added the footwalk. 


(b)—The outer wall the forebay superstructure rests wall 


first-class masonry containing series arched openings ft. 
in. wide, the crown each arch being 2.1 ft. below low water 
4.8 ft. below mean water. Two openings are provided for each unit. 
The edges the openings are rounded, and their sides are smooth- 
pointed. Fig. Plate LXXV, photograph taken near the close 
the construction period, shows the character the masonry arches 
and their relation the power-house and forebay. This arrangement 
submerged openings effectually prevents the entrance into the fore- 
bay floating ice and such other floating material may find its 
way into the canal. 
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(c)—It was evident that some means must provided for removing 
from the canal such finely-divided ice might pass the outer rack, 
otherwise would accumulate the canal and, adhesion the 
underside the surface ice, reduce the water area materially. 
allowed accumulate depth below the tops the arches, would 
carried into the forebay. The construction shaft connecting 
with the outlet tunnel would have been expensive, and have dis- 
posed the ice this way would have reduced the tunnel area avail- 
able for discharge water from the turbines and would have introduced 
serious cross-currents the tunnel. Fortunately, the rapid descent 
the river below the mouth the canal enabled discharge channel 
built, shown Plate LXXVI. A-difference level about 
ft. thus obtained between the surface the water the sluiceway 
and that the canal. The sluiceway has width ft. and depth 
water about ft. separated from the canal masonry 
weirs, the tops which are 2.2 ft. below low water. further separa- 
tion effected steel gates sliding cast-iron grooves, shown 
Fig. Two openings, each ft. width, provide for the flow 
ice from the canal, while third gate similar construction allows 
the escape any material which may enter the forebay. The gates 
are operated hand-power, although provision made for the attach- 
ment motors. 

making angle 60° with the horizontal, extends the entire length 
the forebay, thus protecting the entrances the penstocks. Its 
construction calls for remark except the statement that 
three sections vertically, the middle sections, ft. in. wide, sliding 
grooves and adjustable any desired position. The supporting 
framework was designed resist water pressure ft., being 
considered that sudden flow frazil might clog the racks before 
they could cleared. 

The excavation the canal involved the removal about ft. 
sand, clay, gravel, and boulders, and from ft. ledge rock. 
The total quantity earth excavated from the canal and 
pit was 85000 cu. yd. Most this earth excavation was well 
for steam-shovel work, but that method was used the contractor 
for only small part the work, most the material being removed 
pick and shovel and hauled the dump 1-yd. wagons. 
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Although the general location the plant predetermined the 
generation the power wheels placed excavation and dis- 
charging through tunnel having outlet below the Falls, yet the 
form such excavation was dependent the question vertical 
horizontal for the machinery. This problem was decided 
favor vertical shafts, not only because the greater convenience 
operation afforded having the generators the power-house 
floor, but because the practical difficulties which would en- 
countered arranging the machinery for easy dismantling hori- 
zontal shafts were used. The fact that excavations similar depth 
had been made the Canadian side the river introduced un- 
certainty whether wheel-pit could made sufficiently dry 
maintain electrical machinery successfully therein. account 
these and other considerations, was determined use units with 
vertical shafts, the spacing the units ft. The length the 
wheel-pit was fixed 566.84 ft. and the depth, meet the tunnel 
grade, 171.1 ft. below the power-house floor, the width rock excava- 
tion being 20.5 ft. The maximum depth rock excavation was about 
153 ft., the total quantity rock excavation the wheel-pit proper 
being about 226000 cu. yd. insure close adherence the limits 
excavation, and prevent the shattering the rock, and conse- 
quently the increased flow water, the sides and ends.of the pit were 
channeled. account the clearance requirements the channel- 
ers, the cuts were made angle, 6-in. offset being provided 
the bottom each cut ft. The rock was limestone varying 
character for two-thirds the depth, and the lower third was shale. 

Plate shows the completed wheel-pit, with the machinery 
installed, and also the lines excavation and the brick lining walls. 
Above the turbine deck the average thickness the lining walls 
in., and below that level in., vitrified brick being used 
the invert and portion the side walls. Fig. Plate 
shows the rock walls, and the channelers work, the pit having been 
excavated for about one-third its depth when the photograph was 
taken. The brickwork seen the upper left-hand part the view 
that built along the outside longitudinal recess cut into the rock 
water-bearing seam order collect the water. All the floor 
beams and girders shown Plate rest castings built into 
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the side walls; the openings for these castings were gadded and broached. 
Excavations for the draft-tubes were treated similar manner. 
the latter recesses were ft. ft. in. ft. in., and 
were close proximity other checks, their excavation was matter 
little difficulty. Four chambers, ft. wide, ft. long, and 
varying depths, were cut into the east side the wheel-pit provide 
for the installation auxiliary machinery, such chambers being lined 
with brickwork ft. thick. 

The excavation the wheel-pit was let two contracts, the first 
covering length only 270 ft. The final blasting the second 
section the pit was not completed until July, 1905, months 
after the plant was put operation. was necessary, therefore, 
take great care, blasting the extension, avoid disturbance 
the alignment the machinery. The movement the wheel-pit walls 
was also increased the excavation the extension, and, although 
serious results followed, the conditions, for the time being, were 
very undesirable. the tunnel work was advance the wheel-pit 
excavation, effort was made save time carrying under 
part the wheel-pit. This excavation shattered the side walls, and 
questionable whether anything was gained this method. 

The bottom the wheel-pit was given grade order 
equalize fully possible the velocities the discharge water 
the wheel-pit. preserve absolutely uniform velocity, with all 
the wheels operation, would require that the width the invert 
should decrease toward the south end, but such design would have 
involved many complications not justified the advantage 
gained. 

The upper part the wheel-pit, depth from ft. 
below the power-house floor, lined with retaining wall, the upper 
portion which faced with first-class, close-pointed masonry, while 
the lower part concrete. connection with this upper lining 
wall, were built the arches, ft. length, supporting the stationary 
part the generator. These may seen Plate LXXX, while 
Fig. Plate shows the, character the construction prior 
pointing. 

The six floors the wheel-pit require little comment; there are 
also platforms around the shaft four other levels. Access thus 
provided for the inspection and repair all bearings and shaft 
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couplings. The principal decks are covered with “Never-Slip” plate; 
the platforms and lower deck are composed rack-bars. All main 
cross-beams are carried castings, which they are attached 
such way permit the freedom motion required the move- 
ment the wheel-pit walls. 


TUNNEL. 


The general alignment the tunnel shown Plate LXXXI, 
which also indicates the completed plant and its relation surround- 
ing objects. The southerly tangent was necessity the prolonga- 
tion the wheel-pit, and was also desirable that the alignment 
the portal should approximately right angles the face 
the cliff. The wheel-pit the Niagara Falls Park and River Railway 
was avoided, and the portal could not placed beneath its 
discharge tunnel. The rock formation the point selected seemed 
most satisfactory. conditions resulted tunnel 2164 ft. 
long, the alignment consisting 48% tangent and 52% curvature 
with radius 650 ft. The location the portal and its relation 
the Falls shown Fig. Plate and Fig. Plate XCI, 
which serve give very clear impression the difficulty carrying 
work this point. Owing the prevailing direction the wind, 
the heavy spray from the Falls fell the work almost constantly; 
ice commenced form December, and lasted until May, and high 
water covered the work almost completely times. The tunnel cross- 
section finally adopted was horse-shoe form, ft. high and 18.84 ft. 
wide its widest point. 

The original intention had been use four rings brickwork 
throughout, but, built, they were used for the arch only, the re- 
mainder the lining being concrete with only facing hard 
brick. Doubtless some advocates concrete would have been willing 
dispense with the brick entirely, even with tunnel velocities ft. 
per sec., but the perfect condition the brick lining the tunnel 
The Niagara Falls Power Company after seven years service 
was strong argument favor the use brick. 

The gradient the tunnel ft. per 1000, except near the portal 
where falls 11.2 ft. 103.08 ft., reverse vertical curve, with 
radius 248 ft. the springing line, being used. The greater part 
this portion lined with granite blocks ft. thick withstand the 
increased velocity the water. 
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After the removal the coffer-dam between the portal and the 
river, was found necessary deepen the water channel. This was 
done the summer 1905 orange-peel bucket attached 
derrick, liberal quantities powder being used. 
The excavation the tunnel was carried both directions from 
shaft 1470 ft. from the north end the wheel-pit, and was also 
carried for some distance from the portal. The section was removed 
heading and two benches, the timbering following the excavation 
the heading closely possible. The excavated material was 
principally shale, which disintegrated rapidly upon exposure air 
and moisture. Most was used filling the lagoon adjoining 
Cedar Island. 
The availability the remainder the material excavated from 
the tunnel, well the larger quantities removed from the canal 
and wheel-pit, enabled the Park Commissioners consummate plan 
which they had formed many years before and had partly carried 
out 1895, namely, the reclamation large area unsightly rock 
surface the west end the Horseshoe Falls left practically bare 
the rapid recession the apex the falls and the consequent 


deepening the central portion the channel.* The filling this 
area made possible the construction walks and driveways from which 
visitors may obtain close view the most impressive portion the 
cataract, and has greatly improved the scenic conditions this point. 


The power-house superstructure fire-proof building, 110 ft. 
in. wide, now completed for length 296 ft., cover five units, 
its ultimate length being 588 ft. in. The main power-room, covering 
the generators and switch-board, has clear width ft. in. 
and height ft. in. the ridge. Along the east side 
the building the enclosed forebay, having clear width ft. 
the clearance line the roof girders being only ft. above the floor. 
This portion has roof which nearly flat, and surrounded 
ornamental parapet wall. 


The erroneous statement has been widely published that the crest line the Canadian 
Fall has been shortened the extent several hundred feet the power companies for 
their own benefit. The facts are stated above. All the excavated material deposited 
within the Park limits was placed accordance with the specific directions the Park 
Commissioners. power company has been affected, beneficially otherwise, the 
filling the portion the river-bed from which the water had receded years before the 
power development began. 
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dimensions the building and its relation the wheel-pit 
and machinery were determined with great care. The dismantling 
the large units, the conveyance the parts and from cars, and 
their temporary storage until the machines were re-assembled, were 
matters small moment, and diagrams were prepared show 
the clearance lines the larger parts when suspended from the two 
50-ton cranes with which the building equipped. The floor 
certain sections the power-house was designed support the heaviest 
parts the machinery arranged that manner which, all practical 
ones, would give the most severe stresses the supporting beams, the 
portions the floor thus designed being marked brass plugs. 

The roof, crane girders, and head-gate girders are carried steel 
columns, encased brickwork, projecting pilasters into the power- 
room. The walls are massive character, suitable for such 
installation, being from in. thick. The outside face 
Queenston blue limestone. This one the best limestones for 
building purposes, and has shown its excellent weathering qualities 
the severe climate Niagara Falls. The position the power-house 
peculiarly trying, the spray from the Falls often freezes 
thick coating over its entire surface. 

The roof covered with semi-glazed green tile laid directly 
steel purlins. believed that such form construction some- 
what novel for building such importance, and where the conse- 
quences leakage would serious. The results have been entirely 
satisfactory, leakage condensation taking place since construction 
ceased. The broad, overhanging, copper cornice combined with the 
shaded green the roof gives most pleasing effect. Figs. and 
Plate show the building now completed. Since the 
photograph shown Fig. Plate was taken, the seal 
the Company, designed Macmonnies, has been cut the stone 
over the front entrance. Bronze doors ornamental design provide 
access the power-house and the visitors’ gallery shown Plate 
LXXX. Beneath this gallery office for the operating staff. 

shown Plate the space below the power-house floor 
completely utilized. subway, ft. width between the wheel-pit 
walls and the west foundation wall, provides for piping and auxiliary 
wiring and cables, and the main subway the opposite side the 
contains the bus-bar structure and the dynamos and feeder 
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cables. the east side the subway, chambers between the inlets 
contain lockers for the employees, heating and lighting transformers, 
oil-storage tanks, 

The power-house provided with two 50-ton electric traveling 
cranes, and these are used together for handling the armature the 
generator, this piece weighing about tons. 5-ton, 3-motor, electric 
traveling crane the forebay used principally for moving racks 
and stop-logs. 

hydraulic passenger elevator furnishes access from the power- 
house the several decks the wheel-pit. 

ft. in. ft. in., built the power-house floor enclose the 
oil switches and provide foundation for the switch-boards well 
working platform for the electricians-in-charge. This enclosure 
ornamental design, and faced with white tile. Ducts are placed 
the walls for carrying the wiring the switches. Ducts beneath 
the power-house floor provide for carrying all cables between the 
generators and the main subway, well between the several sub- 
ways and chambers. Pipes the pilasters the building carry wiring 
the lights, that all cables and wiring are concealed. 

The view from the roof the forebay beautiful one, the com- 
plete panorama the upper rapids, the Horseshoe Falls, and the 
parks both sides the river being spread before the observer. 
doubtful whether, any other locality, utility and beauty are 
combined such manner the power-plants Niagara, 
where great resources are developed without marring the natural 
scenery. 


The size and gradient the tunnel having been determined, thus 
fixing its elevation the point juncture with the wheel-pit, the 
elevation the working floor beneath the turbines, called the “Rack 
Deck,” was selected keep above the surface tail-race 
water under ordinary hydraulic conditions. The carrying capacity 
the tunnel using 0.01313 the coefficient 
roughness Kutter’s formula, and due allowance made for the 
rise water the wheel-pit necessary obtain the velocity main- 
tained the tunnel. early stage was determined that draft- 
tubes were used, and, order keep their outlets submerged 
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when only small number units were operation, the controlling 
gate shown Plate was installed. This gate operated 
85-h. motor, duplicate motor being provided. The installa- 
tion and correct alignment gate this size, ft. ft. 
with travel ft., the bottom excavation 171 ft. deep, was 
quite difficult, but the gate has operated successfully. Indicators are 
provided show both the height the gate and the depth the 
water. Although the gate used daily the operation the plant, 
has been found that the form and size the draft-tubes are such 
that the vacuum not broken the outlets are uncovered, and, 
although the vacuum not steady other times, inter- 
ference with the usual operation would occur the gate were tem- 
porarily inoperative. More particularly during the early operation 
the plant, the water passed beneath the gate very high velocity, 
but the last inspection was found that abrasion had occurred, 
although the vitrified brick invert was worn smooth glass. 

The general form and arrangement both the main and auxiliary 
machinery are shown Plate The water, after passing 
through the racks, enters masonry inlets, ft. wide, through which 
flows the penstock mouthpieces. Descending into the wheel-pit 
through the penstock, the water passes into the wheel-case and thence 
through the twin wheels common central draft-chest from which 
reaches the tail-race through draft-tubes built into each the 
wheel-pit walls. 

The total available head, under the usual conditions, will 136 
ft., but, with low water and peak loads, may reduced 130.5 ft., 
and preparing specifications for sixth unit the latter figure 
was used. 

Careful consideration was given the question the speed 
the units, and, for both hydraulic and electrical reasons, the machines 
were designed for 250 rev. per min. the plant was operate 
conjunction with that The Niagara Falls Power Company, was 
necessary furnish electric current cycles. The two speeds 
considered, therefore, were 250 and 188 rev. per min. The latter speed 
would have increased the weight the revolving parts and added 
the cost the generator. Although would have had the advantage 
permitting the use single wheel, had disadvantages from the 
standpoint the hydraulic design. Experience has confirmed the 
wisdom the selection 250 rev. per min. 
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The penstocks were made ft. in. diameter, the maximum 
size which could transported cars the site the plant, with 
flanges left for attachment the field. The resulting velocity will 
11.2 ft. per sec. when being developed under minimum 
head. The entrance the penstock bell-shaped, and its axis 
inclined angle 11° with the horizontal. composed 
cast-iron segments, and idea its size given Fig. Plate 
LXXIX, which shows place before the end wall the inlet 
was built. 

The lower penstock elbows are interesting examples large 
steel castings, the over-all dimensions the complete elbow being 
elbow, was necessary make two parts, shown Plate 
The total weight the complete elbow more than 90000 
lb. These castings, for all five units, were made the Skoda Works, 
Pilsen, and, their smoothness and accuracy dimensions, illus- 
trate the perfection there attained work this character. may 
interesting note that the test pieces prepared from coupons at- 


tached these castings showed maximum the following physical 
characteristics 


Elastic limit, pounds per square 49200 


Ultimate tensile strength, pounds per square inch....... 600 


Considerable thought was given the design the draft-tubes, 
the conditions affecting their installation were peculiar. finally 
made, they are uniformly ft. in. diameter, and when the unit 
running under full load the velocity therein about ft. per sec. 
While this high velocity represents material loss, not only 
velocity head, but also friction, useful imparting the 
discharge water part the velocity required the tunnel, the 
lower section the draft-tubes discharging angle 45° with 
the axis the wheel-pit. have made the cast-iron draft-tubes 
sufficiently large reduce the velocity the usual limits would have 
increased the expense greatly, and the conditions are not favorable 
for the use concrete-lined draft-tubes. Plate shows the 
form the tubes and the method supporting the wheel-case 
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the section immediately below the upper elbow, and Fig. Plate 
gives idea the appearance the lower elbow the 
wheel-pit before bricking in. 

Plate cross-section, and Plate LXXXIV, longi- 
tudinal section, show the general arrangement the several parts. 
will seen that two Francis turbines are used, the water passing 
from the steel-plate wheel-case common cast-iron draft-chest. The 
regulation effected cylinder gates operated system racks 
and gears actuated rod from the governor which passes down the 
pit along the penstock. The efficiency partial gate openings might 
greater with regulation movable vanes the distributors, yet 
the practical difficulties their operation the space available would 
great. Experience has shown that the accurate fit the cylinder 
valves between the distributors and the turbine and their accurate 
guidance matter the greatest importance. Clearances these 
points cause vibrations which are most injurious. 

The wheel-case and penstock elbow were adjusted their exact 
elevation jack-bolts attached the supporting castings, and were 
secured place type metal. Space was also provided for horizontal 
adjustment, and blocks type metal are used between the vertical 
faces the wheel-case base and the corresponding surfaces the draft- 
tube brackets. Plate will seen that space 
in. was left between the vertical faces the flanges the draft- 
chest and the draft-tube, and the draft-tubes were set accordingly, 
Before Units Nos. and were set, this space was much reduced 
the inward movement the wheel-pit walls, and slip-joints were pro- 
vided for all the units these points that while the vacuum 
maintained the flanges are free move. 

The turbine shaft, like all other portions the solid shafting, 
made from oil-tempered nickel steel having elastic limit 
per sq. in. three bearings, two above the upper 
and one below the lower runner, the shaft being divided into 
two parts for convenience dismantling. Difficult features the 
are: prevent the escape the oil used for lubricating these 
bearings, and keep water out the oil. Though not thus shown 
Plate this done the use cup-leather packings, 
been found that hemp packings scored the shafts. 
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The runners and distributors are bronze which, for Units Nos. 
and shows the following physical and chemical properties: 


Elastic limit, pounds per square 
Ultimate tensile strength, pounds per square 


The for the runners Units Nos. and contained 
some lead, and recent specification the writer requres 85% 
copper, 10% tin, lead, and zinc. 

Special interest attaches the method supporting the revolving 
parts the hydraulic and electrical machinery, weighing 240000 lb., 
moving the rate 250 rev. per min. reference Plate 
will seen that means opening the wheel- 
case base ring, elbow, water passes the space 
below the lower runner, which thus under the full wheel-case 
pressure. The space above the upper runner communicates freely 
with the draft-chest through the openings shown Plates 
and and pressure, therefore, cannot accumulate there from 
the water which leaks past the upper circular valve. With this ar- 
rangement, the upward pressure beneath the lower runner 
balanced pressure above the upper runner. Openings were pro- 
vided for supplying the chamber beneath the lower runner with water 
from outside source, but they have not been found necessary. 
The upward pressure thus provided for not sufficient support 
the entire rotating weight, and additional balancing pressure effected 
the piston shown immediately above the upper bearing Plates 
LXXXIII and LXXXIV. 12-in. pipe carried down the wheel- 
pit connect two 6-in. pipes with opposite sides the space 
neath the piston, emergency connection being made with the 
wheel-case. The outside diameter the piston being ft. in. 
and the inside diameter 214 in., there thus area 1298 sq. in. 
subjected the pressure the water, which about Ib. per in. 
The water which leaks out the inner and outer circumferences— 
where clearance in. provided—is carried away the drain 
pipe shown Plate LXXXIV. Valves provide means regulating 
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the pressure under the piston. Bronze sleeves and bushings are placed 
the moving and stationary parts the periphery the piston. 

would possible, course, design the balancing piston 
that, conjunction with the pressure under the lower runner, 
would exactly balance the weight the revolving parts under given 
condition load the unit and elevation tail-water; but such 
conditions are changing, and provision must made, not only take 
care their variations, but also provide for failure the water 
pressure under either the balancing piston the lower wheel, 
under both. This has been done the installation oil-step 
bearing, placed the deck immediately below the power-house floor, 
and supported the heavy girders shown Plate con- 
sists two disks charcoal iron, one stationary and the other secured 
the shaft, oil being forced between these disks special pump 
driven from the main shaft. much interest has been manifested 
these bearings, visitors the plant, they are shown Plate 
LXXXVII. will seen that guide-bearing placed just below 
the step-bearing, the oil-catcher and up-thrust ring being shown 
the bottom Plate LXXXVII. The stationary disk attached 
dowels receptacle having spherical seat, the latter being pro- 
vided compensate for any errors alignment and for adjustment 
obtain even distribution oil. The nut the shaft permits the 
accurate setting the upper disk. The outer cover protects the 
several parts, and acts receptacle for the oil. The cast-iron 
base set with the upper finished surface the proper elevation, and 
type metal then poured between and the top the girders. 
Adjusting screws permit the correct alignment the bearing, after 
which doweled its final position. The bearing disks are made 
halves, scraped together, and united two bolts each side, the 
joint preferably being tongued. The disks are made from the best quality 
iron obtainable, the tensile strength being high 34000 
The bearing surfaces contain two annular grooves, the outer one in. 
wide and the inner one in. wide. They are connected radial 
grooves, and the surface still further subdivided other grooves 
making angle 45° therewith. will seen Plate LXXXVII, 
oil admitted two cored channels extending about 100° opposite 
sides the bearing, being fed therefrom through three openings the 
annular space. The oil carried all parts the bearing, 
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and escapes both the inside and outside periphery. the pump 
supplying the oil the three-plunger pattern, moving constant 
speed, the bearing acts automatically, the pressure the oil correspond- 
ing the weight lifted. These bearings have never been called 
upon carry the entire rotating weight, but believed that they 
would successfully. Unit was operated for some time with 
the balancing piston removed, and Units Nos. and were each run 
for hour with the balancing piston pressure cut down the 
rise the temperature the oil being only 4°, gal. fresh oil 
per minute being admitted the suction tank the pump. The 
pressure the oil rose only 110 per sq. in., although the pumps 
are capable exerting pressure 500 Ib. per sq. in. the writer’s 
opinion, the success failure oil-step bearing fully 
much the workmanship the design. the bearings now 
being described the surfaces the disks were finished and the grooves 
cut; then they were ground and scraped, and finally the surfaces were 
ground together with flour emery, followed chalk. also 
very important that the backs the disks scraped accurate 
bearing their receptacles. 

prime mover, the general design the present units, under the 
conditions imposed the existing construction penstock elbows 
and draft-tubes. The total loss head the unit, under various 
load conditions, had been determined the Pitot-tube method, yet, 
order solve the new problem, was necessary that the total head 
lost should differentiated and the loss determined each section 
through which the water passes. Owing the turns the penstock 
and draft-tube, was difficult this theoretically, and, therefore, 
October 8th, 1907, experiment was made the following 
manner: 

Pipes were connected with the penstock radially four axial points 
just below the slip-joint near the upper elbow. Similar connections 
were made immediately above the lower elbow. The pipes from 
elevation were united and carried the upper wheel-pit deck where 
they were attached glass tubes gauge-boards. pipe was also 
tapped into connection with the forebay and another was connected 
with the gauge pipe attached the wheel-case opposite the penstock 
elbow. The gauge-boards for these pipes were placed near those first 
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mentioned that the four gauges could read simultaneously. One 
the draft-tubes was tapped four points the periphery, and 
the vacuum read mercury gauge. the elevation the water 
the tubes surged rapidly, readings every sec. simultane- 


ously the several gauges, fifteen tests min. each being made 


with various loads the generator. Six tests were made practi- 


full load, and the following shows the average distribution the 


losses from the average total head 134.56 between head-water and 


From forebay bottom upper 


straight vertical portion penstock...... 


2 


turbine wheel, and mechanical 


100.00% 


Curves were plotted show the losses segregated, and these 
were prolonged determine the increased losses which would result 
from greater discharges. was then determined that, with turbine 
machinery the present design, conjunction with existing draft- 
tubes and penstock mouthpieces, the maximum available power per 
unit the turbine shaft would about 11500 p., and that beyond 
that point the losses would more than counterbalance the power con- 


tained increased quantities water. This, however, should not 


criticism the present design, performs efficiently 
the work for which was intended. 


The lubricating and high-pressure oil systems are complicated 
and only their more important features will described. 

Brass piping and bronze fittings are used throughout for the passage 
because the increased carrying capacity and also the reduced 
chance scale being carried the oil into the bearings. 

Lubrication required for seven guide-bearings each main 
shaft addition that necessary for the exciters. High-pressure oil 
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furnished the step-bearing and governor each unit separate 
pumps. This departure from the method used the oiling system 
Power-House No. The Niagara Falls Power Company, upon 
which are modeled many parts the lubricating system which being 
described. the American plant the same pumps supply both the 
lubricating oil and the high-pressure oil for the governors, but such 
arrangement necessitated the installation accumulators and special 
reducing valves. 

For convenience operation, and avoid the placing apparatus 
below the level the water the tail-race, the lubricating system 
divided into upper and lower systems, the latter supplying the tur- 
bine bearings and the exciters, and the former the oil required the 
remaining bearings. The oil-cleansing apparatus and pumps are 
brick-lined chamber cut the rock the east side the wheel-pit 
near its middle. The chamber three stories, the main portion, 
ft. in. ft. in., being the level the turbine deck, while 
the front the chamber carried depth ft. below that level 
order receive the drainage from. the lower bearings. 

Oil brought into the power-house tank car, and piped 
directly storage tanks chamber beneath the power-house floor. 
From these tanks piped the oil chamber the turbine deck, 
fresh oil being admitted the system required. From the chamber 
the oil from the upper system pumped equalization tanks the 
power-house roof, from which passes main laid just above the 
thrust deck. With this main are connected each unit two pipes, one 
leading the generator bearings and the other the remaining guide- 
bearings the upper system. Connections are provided for intro- 
ducing fresh oil into the high-pressure system. Oil having passed 
through bearing thrown into the oil-catcher and piped 
funnel where its temperature may observed. drain pipe 
common the discharge from the several bearings provided 
each unit, and leads horizontal pipe above the turbine deck, 
through which the oil conducted its chamber. Here may 
treated one three ways: may pass directly suction tanks 
and thence pumped Quimby screw pumps the equalization 
tanks the power-house roof; the oil may filtered through 
cotton cloths given compartment four-chamber tank, heat 
being used desired assist the deposit the foreign matter; 
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the oil may boiled remove any excess moisture, the oil 
being drained cooling tanks before being filtered pumped direct 
the upper tanks. 

The oil the lower system receives certain quantity water 
from the lower turbine bearing, and therefore requires different 
treatment from that the upper system. The return oil enters one 
two suction tanks, and pumped motor-driven Quimby pump 
separating tank the upper story the chamber. This tank 
provided with which cause the oil pass circuit- 
ous course, moderate heat being applied. necessary boil the oil 
remove the residual water, passes the tank used also for the 
upper-system oil, thence cooling tanks, from which flows 
filter tank similar that used for the upper system; thence goes 
the suction tank and pumped horizontal supply main placed 
above the turbine deck and provided with stand-pipe and over- 
flow. By-passes are inserted, that any the purifying processes 
may omitted when unnecessary. All apparatus duplicate, 
that interruption the service may occur through failure oil. 

The high-pressure oil for the governor and step-bearing each 
unit supplied pair triplex pumps, each having capacity 
100 liters, driven from the main shaft and capable supplying 
pressure 500 per sq. in. The working pressure the oil sup- 
plied the step-bearing varies automatically with the load 
and the pressure the oil pumped the governor nor- 
mally 225 Ib. per sq. in. Complete cross-connections and relief valves 
permit either pump used the governor step-bearing will, 
and main above the thrust deck enables spare motor-driven pump 
the same style supply high-pressure oil any unit when 
being started. any accident should disable the motor-driven pump, 
oil from the pumps moving unit will supply one which idle. 

The governors for the main units are the oil-pressure, single- 
acting type, shown Fig. Plate and are patented 
Escher Wyss and Company. compression member connected with 
the piston the main cylinder extends one end lever the 
thrust deck, and, from the opposite end the lever, rod, already 
explained, passes the rack and pinions operating the cylinder gates, 
weight about 7000 being attached the lower end the rod. 
The gates close gravity and open the oil pressure. showing 
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the accuracy regulation which obtains, the following extract from 
the contract with the manufacturer may interest. requires: 


“(2)—That each and every governor manufactured hereunder 
shall give the following regulation, namely: When sudden changes 
the load the generator corresponding the respective percentages 
the total rated capacity the generator which are set forth the 
first column the following schedule are made, the respective varia- 
tions speed above below the normal shall not exceed the respective 
percentages the said normal speed which are set forth the second 
column the said schedule, and the times which will elapse between 
the respective changes load and the restoration normal speed 
shall not exceed those respectively set forth the third column the 
said schedule.” 


Changes Maximum Speed Perturbations. 
Load. Variation. Seconds. 
25% 
50% 
100% 


testing the governor, the above percentages load were thrown 
off with oil-switch, thus making the tests severe possible. 
The regulation required when throwing off load was practically ful- 
filled, the regulation with the removal partial loads being better 
than that required, while the increase speed when the full load was 
thrown off was about 10% instead per cent. Greater perturbations 
speed than those specified the contract were caused the sudden 
addition loads, especially large increments. This condition was 
due the lack oil capacity rather than the governor action, and 
air-pressure chambers, supplied separate motor-driven air com- 
pressor, were installed the oil piping, but have not been used, as, 
under the operating conditions the plant, the instantaneous addi- 
tions large increments load are most unusual. The regulation 
obtained has proven very satisfactory under operating conditions. 

the northerly chamber, the level the turbine deck, 
installed three exciter units, each consisting 200-kw., 125-volt, 
vertical-shaft, direct-current dynamo, driven 600 rev. per min. 
turbine the Francis type. The direct current thus generated 
not only for exciting purposes, but also for operating motors and 
for furnishing light and heat. The arrangement with vertical shaft- 
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ing permits the electrical machinery, switch-boards and wiring 
located the upper floor the chamber, removed from the hydraulic 
machinery and piping, which are installed the floor below, the 
draft-tubes occupying the space under the turbine floor. Except 
noted below, all auxiliary machinery supplied with water for power 
purposes from 36-in. riveted-steel pipe connected with the north end 
the forebay and laid along the rack deck. Branch pipes, provided 
with control valves, lead the several turbines. Each exciter turbine 
has separate supply pipe, thus tending prevent total shut-down. 
The 36-in. pipe fed various points 24-in. pipes connected with 
the forebay. 

the continuity the long-distance service practically 
dependent upon uninterrupted supply water the transformers 
upon the electric current, and reliable municipal source 
water became necessary for the company construct 
its own water-works system. Accordingly, there have been installed, 
Chamber No. two single-lift, centrifugal pumps, 
each which driven 174-h. Francis turbine. One the 
pumps also connected with motor. important provide 
against shut-down, both suction and motor pipes are provided 
duplicate. addition connections the and 24-in. pipes above 
referred to, pipes are also connected with the penstock Unit No. 
that if, under any circumstances, the smaller pipes should become 
choked with ice, the penstock will available source supply. 
Provision made for two additional pumps they should re- 
quired. The pumps normally operate under pressure 137 Ib. 
per sq. in., but, connecting them series, may done 
quickly case fire, the pressure can raised 225 per sq. in. 
main carries the water point outside the power-house 
where system pipes leads various directions, the most im- 
portant main leading the transformer station and stand-pipe 
the company’s lands the top the escarpment. The stand- 
pipe, ft. diameter and 115 ft. high, branch line which 
placed motor-operated valve closed from the transformer 
station ease fire. Provision made for supplying with water 
the extensive factory sites owned the company between the trans- 
former station and Chippawa. 4-in. secured the wall 
above the thrust deck, and, each unit, connections are taken off 
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the ‘cooling coils the generators and hose outlets the various 
wheel-pit decks and the power-house floor. Ample provision thus 
made for extinguishing fire, although such precautions would seem 
the nature making assurance doubly sure, the power- 
house and wheel-pit decks are absolutely fire-proof, practically the only 
wood being that the southerly temporary end the power-house, 
upon which sprinkler system installed. 

addition the oil-treating apparatus already described, there 
installed Chamber No. air compressor operating 140 
per sq. in., driven 7-ft. impulse water-wheel, the compressed air 
being used for cleaning out the generators and for operating various 
tools. 


INSTALLATION. 


Only brief description will given the more important 
features the electrical installation. For more detailed account 
this part the plant, reference made article* Mr. 
Buck, who, Electrical Engineer the Canadian Niagara Power 
Company, has been responsible charge the design and installa- 
tion the electrical plant. 

shown Plate the generators are carried stone- 
faced, concrete-filled arches, being secured cut-stone foundations 
in. above the power-house floor. The tops these foundation 
stones were cut with great exactness after the turbine shaft was 
place, grouting other filling was placed between the generator 
base and the foundation. 

The generators are the revolving, internal-field type, furnishing 
25-cycle, three-phase current 12000 volts. The machines are rated 
capacity p., but they are capable large over-load. 
The general construction the generator shown Plate 
Exciting current 125 volts supplied the collector 
rings immediately below the upper shaft coupling. From the genera- 
tor the current carried ducts the main subway and thence 
double-throw selector oil-switches, through which passes the 
four sets bus-bars. The oil-switches, addition their automatic 
action case short circuits, are operated relay switches located 
panels the floor the switch-board gallery shown Fig. 
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Plate LXXXV. The operating board contains five generator panels, 
twenty feeder panels, ten recording wattmeter panels, and three bus- 
bar interconnecting panels. Each panel complete itself, and 
contains instruments except those belonging the apparatus 
feeders controlled thereby. The switch-board shown Fig. Plate 
designed provide for five units, the remaining six 
units being governed second switch-board located opposite 
the eighth unit. The sixth unit, installed advance others, 
however, will controlled, least temporarily, from the existing 
board. Emergency switches are provided which the field current 
may instantly thrown off the entire number units should occasion 

All the cables are carried singly upon grooved electrose supports 
secured horizontal channels. case short circuit, 
believed that are will form between the cables; and their thorough 
separation thus minimizes the possibility trouble resulting from 
burn-outs. The cables are carried connection with the two main 
conduits, namely, that leading through the Queen Victoria Niagara 
Falls Park the upper steel arch bridge the Niagara River, 
and that leading the transformer-house the top the escarpment. 
The former group interconnects the plants the Canadian Niagara 
Power Company and The Niagara Falls Power Company. The cur- 
rent from the Canadian plant may supplied directly those 
tenants the American company who use 11000 volts; may 
connected transformers, may reduced volts two-phase, 
and the machines the two plants operated parallel. 

The transformer station, located shown Plate 
brick and steel structure, which divided longitudinally into three 
sections, indicated Fig. The east side contains the low- 
tension switches and air-cooled 11000-2200-volt transformers; 
central bay contains the main, oil-insulated, water-cooled transformers; 
and, the west compartment, are the high-tension switches and bus- 
bars. this arrangement the building, the several classes 
apparatus are completely separated from each other, and, the 
ing absolutely fire-proof, continuity service secured well 
possible. The main transformers, which the voltage raised for 
overhead transmission Buffalo, are wound capable, 
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11000-volt primary current, giving secondary current 
either 000, 000, 000, volts. The first arrangement 
now used, the Canadian plant frequently operates parallel 
the Buffalo load with the plant The Niagara Falls Power Company. 
All the wiring, however, insulated carry safely the maximum 
available voltage. The fifteen existing transformers have total 
capacity 25000 p., the small size being adopted for flexibility 
operation. This end having been attained, the transformers 
capacity, being contemplated double the capacity the station. 
addition water and drain pipes, provision made for supplying 
oil the transformers and drawing air-tight tank through 
lead-lined cast-iron pipes. case emergency, the oil may dis- 
charged from the transformers into sewer. Such current 
required locally transmitted overhead 2200 volts, only small 
load this character now being carried. 


Two main trunk conduits, each containing ducts, were built 
connection with the power development the Canadian Niagara 
Power Company. These are shown broken lines Plate 
The length the conduit the arch bridge 
ft., and that the transformer station, 2200 ft. These conduits 
are interest because the arrangement the ducts groups 
eight each, having been found, the experience The Niagara 
Falls Power Company, that injurious heating might expected 
ducts containing cables carrying large amounts current were grouped 
mass, has frequently been done elsewhere. The double man- 
hole shown Fig. has proven very satisfactory. The results 
short circuit are minimized, the cables have straight lead, with 
maximum splicing space, and the workmen have abundance room. 
The advantages this design, compared with the elliptical and 
hexagonal manholes frequently used, are apparent. 


The output the transformer station now used principally 
supplying current The Cataract Power and Conduit 
Company new station built near their load center Buffalo. 
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That company was formerly supplied with power The Niagara 
Falls Power Company exclusively, but now has the advantage 
duplicate service. The Canadian transmission lines are built private 
right way, ft. width, following the route shown Fig. 
from the transformer station the Town Fort Erie, Ontario, and 
thence overhead crossing the Niagara River Terminal 
miles for the American transmission. One pole line containing two 
circuits service, and the building second line now 
progress. Each circuit has rated capacity 500 total 
transmitting capacity over the right way 50000 000 
volts. 

Both the pole line and the overhead crossing contain several novel 
features which will described briefly. The unusual form pole 
used that shown Plate LXXXIX. The central compression 
member consists two 20-ft. lengths 4-in. steel pipe, cast spider 
with 33-in. spread being placed the center, the pipe being stiffened 
with four sway rods. The tubular portion stepped into 
resting block concrete. Longitudinal and transverse 
stresses are borne four 1-in. guy rods attached casting bolted 
the pole immediately below the lower cross-arm. These guy rods 
are anchored concrete piers in. square the top and in. 
square the bottom. The soil was peculiarly adapted for this form 
anchorage, consisted very hard clay which could 
excavated only with great difficulty. tests anchor, 
locality less favorable than usual, have shown that the value the 
anchorage limited only the strength the guy rod. The cross- 
arms are ship channels; the longer arm below the first line, and 
will above the second line. The latter arrangement not 
satisfactory, structurally, but offers certain advantages from the operat- 
ing standpoint. castings are used throughout. The pins 
are malleable the first line, and will steel the second line. 
The insulators are electrose and the conductors are 500000 cir. mils, 
aluminum, with strands. The average spacing the poles 
ft., but, the writer’s opinion, this distance could increased 
tangents 400 ft., with safety. The pole adopted economical and 
durable; quickly erected and easily adjusted. has 
sections destroyed rust, requires field riveting, and but 
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little bolting. The parts could readily galvanized, but has not 
been thought necessary. Its limiting feature the necessity for good 
anchorage. 

Four reinforced concrete poles unusually heavy construction are 
used the Village Chippawa, where there was not sufficient space 
for the standard poles; and steel structures special construction were 
used railroad crossings. 

The building transmission lines with capacity 50000 
across the Niagara River Buffalo was enterprise fraught with 
features both difficult and dangerous. The river the point cross- 
ing deep and rapid stream 1650 ft. wide, through which passes 
all the commerce the Great Lakes with Tonawanda—the largest 
lumber market the country—as well that various docks 
Buffalo. The cables also cross Black Rock Harbor, the Erie Canal, 
and the tracks the New York Central and Hudson River Railroad. 
The Governments both Canada and the United States required 
minimum clearance above the surface the river 130 ft. The 
transmission lines had pass through over the Village Fort 
Erie, Ontario, where high-voltage lines near the surface the ground 
would have been objectionable. submarine crossing would have been 
not only expensive first cost and renewals, but would have 
presented many difficulties construction and maintenance, the 
bottom the river being rock and the terminal-house being about 
ft. above the river-bed. 

aerial crossing having been decided upon, and numerous 
culties respecting rights way having been successfully overcome, 
was decided carry the conductors upon three towers: One Bertie 
Hill, west the settled portion Fort Erie, one the river’s edge, 
and third adjacent the terminal-house Buffalo. The towers 
thus located have heights ft., 202 ft. in., and 150 ft. in., 
respectively. The tops the higher towers are practically the same 
level, while the top the Bertie Hill tower 107 ft. below that the 
high tower. The span over Fort Erie was fixed 667.57 ft. and that 
over the river 192.64 ft. 

Greater spans have been used elsewhere transmission lines, 
the Straits Carquinez, yet believed that the com- 
bination spans this magnitude, with the large amount current 
carried, had never before been attempted. Steel, copper, and 
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aluminum, the only materials then commercially available, were care- 
fully considered conductors. Steel would have been most easily 
erected, but its conductivity was too low; copper was rejected because, 
owing its great weight, the height and cost the towers would 
have been greatly increased, and the stability the foundations 
the Bertie Hill tower might have been imperiled. Aluminum was 
selected because the more satisfactory relation between its weight, 
tensile strength, and conductivity. obtain the greatest strength 
for cross-section 500000 cir. mils, 61-strand cable, made with 
concentric lay, was used, the recommendation the manufacturer. 
The form lay adopted led many difficulties which will 
referred later. 

was evident that, with conductors fixed the ends the span, 
the minimum clearance above the river was preserved 
summer, the towers adjacent the river must about ft. higher 
than would necessary if, some other arrangement, the lowest 
point the catenary could maintained always the same level; 
therefore, the following device was used: The conductors were fixed 
rigidly the high tower the Canadian shore, and the American 
and Bertie Hill towers they pass over sheaves and thence downward 
counterweights which, with the springs above them, weigh 400 
this weight being calculated keep the lowest point the conductors 
the proper clearance line. the temperature decreases the 
wind velocity increases, the weights rise, but constant stress the 
cables assured all times, thus enabling them operated under 
maximum allowable stress. Plate shows the arrangement the 
Bertie Hill tower, that the American tower being similar. will 
seen that two pairs spool insulators are interposed between each 
aluminum conductor and the steel cable passing over the sheave and 
connecting with the springs. The latter were added absorb shocks, 
but are doubtful necessity. The live aluminum drop-cables are 
attached the main conductors wrapped splice, pass over 
spool insulator and thence over insulators connect with the trans- 
mission line conductors, counterweights keeping the drop-cables taut. 
The connection between the drop-cables and the long-span conductors 
was originally made with tee-clamps, but was found that, owing 
vibration, the conductors deteriorated these tee-clamps and the 
wrapped splice was substituted. Experience shows that tee-clamps are 
avoided all such connections. 
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Since Plate was prepared, bus-bars have been installed the 


towers, and switches provided, that given pole-line circuit may 
connected will with any long-span circuit. Devices have also been 


added prevent the swinging the weights the wind. 
the original construction the conductors passed continuously 


from the Bertie Hill tower the American tower, and were rigidly 
secured aluminum saddles the high tower. un- 


expected difficulty arose from the vibrations which occurred the 


conductors when the air was still nearly so. These vibrations were 
similar those sometimes experienced telephone telegraph wires, 
but were greater amplitude and violence. Experiments were made 
dampen the vibrations, but were unsuccessful, factor the failure 
being the variation the amplitude. The repeated stresses caused 
the vibrations resulted the breakage strands the conductors 
where they were secured the saddles. The difficulty was finally 
overcome substituting galvanized chain for about ft. con- 
ductor each side the saddle. The aluminum conductor passes 
around aluminum sheave and returns itself with wrapped 
splice, while the chain connects with shackle fastened the axle 
the sheave, the current being carried around the chain 
aluminum jumper cable secured the aluminum sheaves. trouble 
has been experienced since these devices have been installed. 

The installation the conductors and the various devices con- 
nected therewith, although simple theory, proved difficult practice, 
and gave rise many complications which only experience and patience 
could The aluminum conductors proved very troublesome. 
The aluminum was soft that had guarded from every 
abrasion; could not passed under stress over snatch-blocks; 
unstranded readily; and yet had out perfect condition, 
could not inspected after erection, and had operate 
high tensile stress. The rope lay would have been far easier handle, 
but the manufacturers thought that given strand might cut into the 
adjoining strands under stress. The method erection finally used 
was follows: Telephone service was established between the three 
towers, flag signals having proved unsatisfactory. Two unusually 
large hoisting engines were utilized, one the American tower and 
one Bertie Hill tower, from which all the conductors were drawn. 
manila rope was first taken across tug, the swift current 
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and the frequent passage vessels rendering this operation 
great difficulty. The.rope was used draw steel cable consisting 
two pieces and having length somewhat greater than twice the span. 
The front drum the Bertie Hill engine was lagged form 
“nigger-head,” about ft. diameter, and was covered with grease. 

The reel aluminum cable having been placed special stand 
provided with brake, the end the cable was passed eight times 
around the drum and thence over large wheel its proper position 
the top the tower. long wooden clamp was then bolted 
around near the end, and this was secured the end the steel 
cable connected with the hoisting engine the American tower. The 
steel cable leading from the back drum the Bertie Hill engine was 
then passed through the opening for the next cable and secured the 
other steel cable near the aluminum conductor. The engine the 
American side having started up, the aluminum was allowed pass 
off the “nigger-head” while the steel cable unwound from the back 
drum. Thus the single steel cable the American engine drew over 
both the steel and aluminum cables. 

was necessary that the two drums the Bertie Hill engine 
and the American engine four-fifths mile away should work 
unison, for the cables sagged too much, the masts vessels would 
struck, while, the aluminum conductor was pulled too taut, 
would broken. When the head the cables reached the high tower, 
the rear steel cable was disconnected under stress 200 ft. above the 
ground and carried through the lattice work the tower the 
correct position for the next cable and again secured the leading 
cable. The return trip was simple one, but, the whole, the work 
involved much anxiety, owing the high stresses under the 
cables were drawn and the serious consequences which might have 
attended accident. future work similar nature, the lot 
the engineer will doubtless happier one, owing the use 
copper-plated steel-wire conductors other the recently produced 
transmission cables. 

The conductors are operating successfully, and are daily carrying 
Buffalo large amounts power for the operation and 
public service utilities. During recent sleet storm, which practically 
doubled the weight the cables, the apparatus operated exactly 
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signed, and the conductors were not injured, although, they had not 
been counterbalanced, injury them would have been certain. 

Fig. Plate LXXXVI, photograph portion the trans- 
mission line between Niagara Falls, Ontario, and Fort Erie, and 
Fig. Plate XCI, view the high tower, erected upon the 
Canadian shore the Niagara River, carrying the conductors the 
terminal station Buffalo, 
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AND ANALYSIS CONCRETE WORK. 


Discussion.* 


JAMES OWEN, AND JAMES 


Francis, Am. Soc. E.—About six years ago, some 
concrete engine and generator foundations were built under the 
direction, one which was necessary remove after had been 
standing two three months, and the removal there was oppor- 
tunity observe the effect the stoppage the the con- 
crete over night—the original construction occupying several days. 

This particular foundation was approximately ft. long, ft. 
wide and ft. high, and the cause its removal was change the 
type engine and generator which was support, the new ones 
requiring totally different arrangement anchor bolts. 

The concrete was supposed monolithic structure, and had 
become thoroughly set that required the use dynamite break 
up. 

separating, came apart horizontal lines corresponding 
each day’s work, showing distinctly that there was only moderate 
cohesion one day’s work with that another, although there was 
evidence these seams the exterior surface. The vertical 
breaks, might expected, were ragged and through the homo- 
geneous mass. 

recent work has been the custom place the concrete for such 
structures without intermission until completed. 


This discussion (of the paper Hersey, Jun. Am. Soc. E., printed 
Proceedings for March, printed Proceedings order that the views expressed 
may brought before all members for further discussion. 
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Mr. Hersey speaks using some sort metal shoe all piles Mr. Francis. 
foundation work. The speaker does not agree with him this, 
there are many cases, where piles are required, where quite plain 
that they will have penetrate known strata, and that metal shoe 
protection unnecessary and great waste money. 

many cases where piles cannot driven without shoes, 
pretty good evidence that they are not needed. When they can 
driven only ft., better deepen the excavation and not 
use them all. 
Brace, Am. Soc. the speaker’s practice, Mr. Brace. 
the question joints has come the construction arches. 
very flat, thick, and heavily reinforced concrete arch), 
the contractor did not wish work night, the arch was divided 
into voussoirs radial bulkheads. The size each voussoir was 
about equivalent one-half the daily capacity the concrete plant. 
Work was started the skewbacks, and one section each side 
the arch was filled during the day. This secured balanced loading 
the centers, and radial joints. The results were satisfactory. 

Wherever possible, however, the speaker believes best work 

continuously until the arch completed. When this done, 
well build the concrete nearly possible along radial lines, 
order avoid bad joints case some unavoidable delay. This 

particularly important lining tunnels, the work approaches the 

top the arch. always requires much more time place the con- 

crete the key, and the concrete either side apt take con- 
siderable set before the work completed. 

thought that “whitewashing” the author means layer 

neat cement grout brushed over the finished work. The speaker has 
ft. seen this used, and thinks that generally improves the appearance 

the work. will sometimes peel off, but more apt adhere 

the wall than plaster 

Bowman, Am. Soc. E.—In work this kind, secure Mr. Bowman. 
the best results quality and appearance, wet concrete should 
used, and secure the advantages monolithic structure, within 

certain lines where possible, the concreting should carried con- 

tinuously, day and night, until finished. 

ite few years ago the speaker had occasion build some reinforced 

ras concrete railroad arches. The abutments and piers were carried 

the springing lines and there stopped. When the arch rings were 

started the work was carried continuously, night and day, until 

finished. 

one the spans—a double-track, 54-ft. skew arch—the con- 
creting was started simultaneously from each skewback, and was built 

hours continuous work. The concrete was mixed very wet, 

sed 


and, owing the number and location the reinforcing rods, very 
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little tamping could done. The forms were made dressed lum- 
ber, and the inside faces were coated with “Petrolatum” soon 
erected, second coat being applied just before the concreting was 
started. 

secure smooth surface, the concrete was worked thoroughly 
against the forms with forks, force the stone back into the 
body the ring and flush the cement mortar the surface. The 


forms were set in. high the crown, and, after the arch ring was 


Mr. Owen. 


Mr. Boyd. 


completed, were left place for about two weeks, after which they 
were lowered small amounts every few days until they were clear 
the arch. 

When the centers were entirely removed, the inner face the arch 
presented very smoothly-finished, uniformly-colored surface, which 
only had touched and rubbed down few spots. 

There were hair cracks visible, and very satisfactory results 
were secured without using any cement wash whitewash coat. 


Owen, Am. Soc. the construction piers and 
concrete work there one feature which has not received much atten- 
tion, although has been matter some consideration, and that 
what known the over-night bond. generally accepted fact 
that very difficult obtain perfectly homogeneous connection 
with work finished over-night and built the next day, account 
expansion. large proportion concrete construction, the joint, 
where one section put upon the other, very noticeable when the 
work completed, and many methods overcoming this difficulty 
have been tried. 

The speaker tried the experiment making the last run the ma- 
chine very wet, and found this somewhat efficacious. This run was 
wet that the next morning the water had all collected the top the 
pier, with very slight setting the surface the concrete. The 
water was swept off and the new joint made, and thus the difficulty 
was overcome, measure; but, there are such joints pier con- 
struction between high and low water, such trouble likely occur. 

great many engineers not allow any intermission, the work 
being carried continuously night and day. This method eliminates 
entirely the bond question, but somewhat more costly. 

The speaker’s attention was first called the bond question the 
Paterson bridge which was carried away freshet. 
examination, the break was found have occurred line work 
where two sections had not been thoroughly bonded construction. 


James Boyp, Am. Soc. (by years ago 


the writer was charge bridge construction for the Bangor and 


Aroostook Railroad, and therefore has read with much interest Mr. 
Hersey’s paper the Piscataquis Bridge. that time bridge, 
very similar character and construction, was built what known 
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the Second Crossing the Fish River. The close similarity Mr. Boyd. 
some the results obtained the Fish River and this Piscataquis 

work rather striking. the Fish River Bridge, the concrete was 

mixed hand, the aggregate being bank gravel taken from near-by 

cut. This gravel was not screened, but was tested rather crude 

manner, under the writer’s direction, periodically taking sample 

buckets the gravel and ascertaining the voids noting the quantity 

water required fill them, correction being made the aggregate 

the addition either sand gravel the case required. the 


and the records this work show that two bridge abutments, contain- 

ing 1668 cu. yd., required 034 bbl. cement, giving average 

1.21 bbl. cement per cubic yard concrete. This work was per- 

formed day’s labor the railroad company, and the cost, exclusive 

overhead charges, but including foundation caissons and pumping, 
and tools, was $7.76 per cu. yd. concrete, cement costing $3.00 

similar bridge, known the First Crossing the Fish River, 

the same time and the same manner, 216 cu. yd. con- 

erete required 4060 bbl. cement, giving average 1.26 bbl. per 

cu. yd. concrete. 

The author states that, for absolute safety, necessary fur- 

it, nish all piles with point protection. The writer feels that this not 

strictly true, although, material found the river bottoms the 

sections Maine, doubt the safest course pursue. 

However, many places where soft material found and the piles 

depend skin friction for their supporting power, well many 

places where the character the foundation well known, would 

hardly apply. 
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mining methods and pro- 
cedure, and the efficiency its miners, are everywhere synonyms for 
excellence and intelligence the field mining. This the result 
long years schooling battling with the problems the industry 
has presented this State. other commonwealth has encountered 
equal number problems for the profitable treatment refractory 
ores. Starting with the first lode mining Gilpin County, the 
pioneers speedily came the sulphides, which their attempts 
win the gold and silver the only method then known, amalgama- 
tion with mercury. required several years for even small progress 
toward rendering the metals partially free roasting the sulphides 
containing them. The building the smelting works Black Hawk, 
Gilpin County, thus marked era advancement. Following 
closely, the Leadville District was opened, together with several minor 
camps, and once became necessary apply smelting methods 
recover the values. Placer mining had preceded both this and 
the Gilpin section, having had its birth with the first discovery gold 
the State, the banks Cherry Creek, within the City Denver. 

Even with the application shaft-furnace smelting Leadville, 
however, the problems the necessary recovery, render mining 

The discussion this subject, for which formal paper was presented, printed 


Proceedings order that the views expressed may brought before all members 
the Society for further discussion. 


additional communications this subject are received, they will appear 
subsequent number Proceedings. 


Member, American Instit ute Mining Engineers. 


profitable, were only beginning met. Trained metallurgists, Mr. Hawkins. 
schooled Germany, were the initial brains and energy, and the 
leaders the infant industry. They were soon joined young men 
from schools, and the improvements made the recovery 
values were rapid. Thus progress metallurgy has been intimately 
and constantly connected with the growth the mining industry 
from its very beginning Colorado. 

The ore products, first valued for their gold and silver contents 
only and paying the miner less than what would now enormous 
treatment charge, were necessity high grade. Gradually the 
contained lead and copper were paid for, and added the gross value 
the ton, and finally the miner began share also the value 
the more desirable fluxing constituents his ore product. That 
which 1879 was small weight tons and high grade was 
added the growth ten years many thousands tons 
monthly, which brought the producer upwards $10 more per ton 
first gross valuation, reason these new features and 

accompanying reduction the treatment charge well. The pro- 
gressive smelting establishments grew tonnage, importance, and 
profit; and the development some the newer districts furnished 
them with the necessary variety ores stimulate still further the 


tonnage production the mines, together with their own growth and 
prosperity. 


for Thus the pioneer solution mining and metallurgical problems 
ult has made the rank and file the State’s mining industry the leaders 
methods, production, and both mechanical and metallurgical 
perfection. 

The coal product and the transportation facilities the State 
the have played important parts its mining history. Its districts have 
pts been quickly rendered easy reach rail, and the most speedy 
development has been made possible. time has the industry 
its metallurgical sister been dependent resources without the State 
les boundaries. due course electrical advance, Colorado was the 
vk, first State apply this force mining operations. The application 
electrical power mining dates back installations Aspen, 
first for mine hoists and later this camp, well generally 


most the other mining districts the State, pumps, blowers, 
air compressors, mine and mill haulage, shops and motors, with the 


old power for these latter applied also directly the point its use upon 
particular machine. Colorado were developed for 
lle, electrical conversion and subsequent distribution the mines. Where 
such powers are not available, central power-plants are using coal. 

the high, mountainous sections Southwestern Colorado, the 
successful operation number large mines the direct result 
in & 


the utilization more less distant water-power and its electri- 
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cal and transmission the point desired application 
both mine and mill. such cases solid fuel could not have been 
transported and used except such enormous expense that loss 
would have been the net result, instead profit. With the growth 
particular mining districts, the application the current has made 
possible the use lengthy individual community development, and 
transportation tunnels and drifts cross-cut open veins greater 
depths, with consequent delivery the ore product nearer treat- 
ment mills transportation facilities. true that the first few 
years the application electricity mining showed small progress; 
but was entirely due two factors: The uncertainty naturally felt 
the use new power, and the time requisite for manufacturers 
learn the needs the industry and become acquainted with the 
conditions met underground work. Electric drills present 
the only problem not yet solved the current with entire satisfaction, 
but progress these machines the past few years has been such 
that the diffieulties, which are altogether mechanical nature, will 
undoubtedly overcome. 

Probably section the State, with the exception the mining 
camps Southwestern Colorado, presented favorable field the 
Cripple Creek District for the use the electric current mining 
operations. There, even though, close the south, there were large 
producing fields, the considerable expense coal furnished ideal 
conditions for the manufacture and transmission the current from 
centrally-located stations close the coal mines. The great 
monthly ore tonnage the district from both the larger mines and 
the many individual lessees, working blocks mining ground, 
has made ready market for electrical power, and its use, particularly 
for operators the latter kind, has been indispensable. other way 
could many the lessees the district have opened the same amount 
profitable ore the limited time allotted their lease. this 
manner, not only have the normal growth and production the 
camp been fostered, but the frequent consequent reduction the 
mining cost per ton ore has actually added tonnage ore which 
could have been made available other way. The system rental 
motors has also reduced the initial outlay the lessee operator, 
and hence the benefit derived has been shared the manufacturer 
the current well the lessee. The Colorado gold production 
1907 was $20888833. 1906 was $22934400, decrease 
045 567 last calendar year. Much all this decrease was 
caused the destruction fire the largest ore treatment mill 
the State, which was operating entirely Cripple Creek ores. This 
calamity necessitated the suspension contracts for period five 


months. The reconstruction the mill was completed January, 
1908. 
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The mining silver connected more intimately than gold with Mr. Hawkins. 
ores carrying also the base metal values lead, zine copper, 
any association them. Some these, indeed large proportion, 
either require concentration putting any possible given number 
tons into one, they become more profitable thereby. Most the 
treatment this character applied the mine its own plant, 
and the product shipped smelting centers. other cases, custom 
plants either purchase the mined products outright, charge the 
shipper tonnage rate and return him the concentrated product 
for his own disposition. crude and concentrated products, carrying 
silver and lead values, are reduced metal the smelter center. 
1907 the silver product Colorado was 11648136 oz., Troy, 
ing value $8185276. The decline the price the metal was 
sharp during the last five months the year, common with the 
prices lead, zinc, and copper. The total fluctuation—between 
and cents per marked drop 10.68 cents per oz. 

from August November, 1907. natural curtailment production 
resulted, and was increased restricted market for lead ores during 
portion the year. 

The lead-ore production Colorado associated with silver 
and treated altogether the smelting establishments. 
During 1907 the production was 50000 short tons, having value 
while the tonnage 1906 was 51000 tons, having value 
756 658. During 1907 the price the metal fell from 3.65 
cents per The drop prices, resulting finally the abandonment 
any effort maintain fixed rate and open market throughout 


the country, caused the smelting establishments discourage the 
mining and shipment lead ores for the last six months 1907, 
except where contract obligations prevented. 

When zine accompanies lead silver ores, usually extent 
excess 10%, frequently renders the ores unprofitable 
their other metal value, and such cases the electric current, 
again, has been applied advantageously, and separation made the 
complex ore into three products, namely, zinc sulphide, lead sulphide 
(both concentrated products), and the comparatively valueless 
quartz rock waste. the past few years very large industry has 
been adding the State’s production—chiefly from Leadville—by this 
method separation and concentration. 1907 the production 
from ores was nearly 130000 tons, having value 
which tons was spelter, and practically all was thus 
obtained, giving two valuable products from formerly valueless one. 


The copper production the State comparatively little im- 
portance, being only little more than the whole country’s 
total. The building new railroads will open virgin copper and gold 
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fields during 1908 and 1909. The production for 1907 and for 1906 
has been about 5000 tons copper yearly. 
The production metalliferous ores has received, and will always 
receive, very large proportion the benefits and savings arising 
from the advancements the metallurgical art. Prosperity, there- 
fore, directly increased, and, return, there mined greater 
tonnage ore. Even though the grade the average lower, the 
net profit increased; hence the mine, the treatment plant, and the 
labor employed all share. comparatively short time, smelting 
charges, much the ore product the State, have been reduced, 
and many cases rates have been established for the especial purpose 
stimulating the production the fluxing ores, carrying lead and 
iron important quantities. These advantages and encouragements 
have also been extended shippers silicious quartzy ores the 
Cripple Creek District, and the tonnage produced has responded ac- 
cordingly. The mills, however, have been the most important factor 
this respect. The chlorination treatment Cripple Creek ores, first 
extensively and successfully applied, has been still further improved, 
chiefly the cost per ton, fine grinding and cyanidation the 
roasted ores. One large plant reducing excess 20000 tons 
monthly from the mines Cripple Creek. portion this quantity 
ore having gross value less than from $12 per ton, and 
the mere fact that such low-grade ores return profit both the 
producer and the reducer, where was formerly impossible mine 
them, speaks eloquently metallurgical progress this particular 
field. Ores still lower value, even such are being taken bulk 
sorted from what were formerly waste mine dumps, are now being 
treated large way the new Independence Mill and others. The 
absence necessity for roasting these very low-grade ore-dump 
tonnages reduces the cost much that likely that this practice 
will extended other mines and dumps before the year over. 
Metallurgy, therefore, has been most important adjunct the 
gress section which still continues the largest gold-producing 
mining camp the Continent. 

The use the slime treatment and the filter press, both with tube- 
mill grinding and the cyanidation gold and silver ores, yet 
come Colorado, and remains developed upon some appropriate 
ores. The treatment speedy, the cycle continuous, and hence the 
tonnage handled will large that the low cost per ton will give 
attractive profit. numerous instances Clear Creek and Gilpin 
Counties concentration mills have made important improvements 
their mechanical handling and their percentage saving. these 
there has been the same value ore production for each 
the past two years, with the advantage, however, that the past 
twelve months unusual amount development work has been 
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complished the application the cheaper electrical power trans- Mr. Hawkins. 
mitted from central station. result the year’s improvements 
metallurgical practice, the State will have, from these long-estab- 
lished and substantial mine districts, largely increased production 
both ores and values gold and silver, well concentrates 
containing lead and 

The progress Colorado few years zinc metallurgy has 
been noteworthy. spite the first high cost plants for magnetic 
separation, much has been and being done. Besides the 
separator, which has been the pioneer this field, the Blake patents, 
together with important improvements acquired the Blake Com- 
pany, have successfully applied the electro-static current the separa- 
tion the sulphides lead and zinc, and have entered field not 
open the Wetherell separator, but between them they cover all 
classes zine sulphides. Recently, Blake improvements have shown 
ability make closer split saving than before, and the speedy 
application these machines the general sulphide product from 
Leadville, Clear Creek, and other districts, may expected. 
Wilfley has devised and made successful the application rapid 
magnetic magnetizing roasting sulphide ores, followed mag- 
netic separation the product into concentrates and waste. There 
are the State already six such plants, built and building, having 
total daily capacity 700 tons crude ore. Thus the value the 
zinc ore and metal product the State rapidly approaching that 
its lead. 

Still another method, yet more less the experimental stage, 
however, promises become useful adjunct the mining and suc- 
cessful handling low-grade lead and zine sulphides. the 
Elmore process, and based the action dilute acids crushed 
low-grade sulphide ores, whereby hydrogen produced. The gas acts 
float for the sulphide particles, and they are withdrawn 
vacuum suction, dried, and subsequently treated. Enough has been 
done indicate eventual commercial success. 

noted with much satisfaction that the leasing system 
again being extended the Cripple Creek District. the past, 
this method development has been most productive tonnage 
and value. the lessee who makes the most the new dis- 
All the mining districts the State need the system. The 
Northern District, comprising Clear Creek and Gilpin Counties, Lead- 
ville, and the Southwestern sections are applying it, considerable 
extent, from all which material results may certainly expected. 

Gold dredging Colorado practically confined Summit 
County, the Blue and Swan Rivers, where two companies are 


actively work with several dredges built during the winter 
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The great variety Colorado’s mineral production covers nearly 
all fields engineering and material needs. For some years past, 
ores tungsten have been produced, chiefly Boulder County. 
1906 the State’s product was valued 1907 reached 
double that figure, spite the complete cessation purchases 
tungsten concentrates during the last two months the year. Activity 
this industry again ‘established. The largest portion the 
country’s product tungsten mined Colorado, and the successful 
development the new tungsten lamp will create still larger demand 
than has heretofore come from the steel industry alone. 

Several years ago attempts were made produce oxides vana- 
dium and uranium from the sandstone deposits San Miguel and 
Montrose Counties, Colorado. Investigations have shown the 
presence these oxides commercial quantities, and plans are now 
under consideration for the concentration and shipment such 
products Pittsburg and Germany. Steel makers are always 
the market for these oxides, and the unit price offered sufficiently 
high stimulate production. 

The published dividends from metalliferous mining Colorado 
were for the year 1907. The total metalliferous production 
referred herein was $40000000 the same year. Other mineral 
products brought the State’s total production $94000000. Pro- 
gress thus far 1908 rate excess these totals. 

The present railroad construction the Denver, Northwestern and 
Pacific about enter section Northern Colorado from which 
the State will soon realize increases gold and copper production 
well immense addition its coal output. Central power- 
plants are under extensive construction the northern and southern 
parts the State, and their completion will mean great deal the 
miner, who will then able secure the application power where 
the cost coal has heretofore made operating prohibitive. 

labor troubles disturbed the State, former years, and 
had not been for the comparatively small effect the recent 
financial disturbance the State’s ore and metal productions, felt 
chiefly during the last six months 1907, the year would have shown 
the usual normal gain more. The mining wage scale high, 
generally, and the miners are the main satisfied. Industrial peace 
reigns, and will not soon disturbed. work has 
characterized mine operations for several years past, with the excep- 
tions already referred to. The business upheaval during the autumn 
1907 was not felt any extent. condition unusual pros- 
perity had reigned previously, and, while some sister States were 
keenly affected, Colorado was disturbed very little. true, that, 
compared with 1906, the gold production fell off 10%, and that the 
dividend record was slightly reduced, but also true that 1907 saw 


Paper 


little 

numb 
might 
was 
minir 
expec 
energ 


DISCUSSION THE MINING METALS 615 


reduction the number tons ore produced, the Mr. Hawkins. 
number hours employment the wage earner mining. What 

might called investment basis the State’s mining operations 

was reached. Speculation has been largely eliminated, and, from the 

mining fields, one may confidently look for the regular results 


expected from progressive metallurgical improvement, accuracy, and 
energy. 
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THE EFFECT TEMPERATURE CHANGES 


MASONRY. 


Discussion.* 


Messrs. Honness, THADDEUS MERRIMAN, AND 
Lowe Brown. 


glad that the subject the effect temperature changes masonry 
has been brought before the Society, and wishes add his observa- 
tions such effects large masonry structures which have been 
under his supervision, the hope that such information may lead 
methods caring for the resulting temperature cracks. 

addition the more general use Portland cement and the 
resulting character masonry, seems likely that the greater rapidity 
construction attained recent years another factor which has 
led the more frequent and noticeable development temperature 
cracks, because the probably greater range temperature caused 
the retention the heat generated the setting mass masonry, 
which heat must, necessity, retained for longer periods. 

example the progress laying masonry few years 
compared with the present practice, the following cited: 


“At the Sodom Dam, near Brewster, Y., the Croton 
shed, the maximum monthly progress was 3000 cu. yd., this being 
rubble masonry, laid partly American and partly Portland 
cement. the Titicus Dam, Purdys Station, Y., also the 
Croton water-shed, the maximum monthly progress was cu. yd. 
the character the masonry being the same the Sodom Dam. 


This discussion (of the Gowen, Am. Soc. E., printed 
Proceedings for April, Proceedings order that the views express 
may brought before all members for further discussion. 


7 
pe 
ike 
| 
= 


HONNESS 
EFFECT TEMPERATURE CHANGES 
MASONRY. 

q 


PLATE 
PAPERS, AM. SOC. 
AUGUST, 1908. 


Ae 


» 


q 
q 
| 
2 
j 
— 
‘ 
¥ 
a 


PLATE 
PAPERS, AM. SOC. 


1908. 


HONNESS 
EFFECT TEMPERATURE CHANGES 


MASONRY. 


Tne Cross River 


Rein FORCING Rops tN 


g 

4 

fon, 

Ls 

q 

| 


. 


Papers.] DISCUSSION EFFECT TEMPERATURE MASONRY 617 


the Boonton Dam, Boonton, J., the maximum monthly progress Mr. Honness. 


was 21000 cu. yd., and the Cross River Dam, Katonah, Y., the 
monthly progress was 400 cu. yd.” 


The two structures hydraulic masonry which the speaker has 
had opportunity observe closely are the Boonton Dam and the 
Cross River Dam. 

The Boonton Dam.—The Boonton Dam, Boonton, J., built 
cyclopean masonry, the down-stream face being ashlar, above the 


lines refilling, and the up-stream face, rubble masonry. all, about 


255 000 cu. yd. masonry were required for this structure, Portland 
cement being used exclusively. 

the season 1902, from May 20th, cu. yd. were placed; 
1908, cu. yd., and 1904, cu. yd. 

cracks the dam were discovered the winter 1902-03, 
which probably accounted for the fact that the masonry laid 
the season 1902 was all placed the lower portions the dam sec- 
tion where the width was great enough withstand the stresses due 
the ranges temperature, and, some extent, for the additional 
reason that layer masonry was laid over the entire portion the 
dam then under construction the colder months. 

the second and third winter seasons, however, numerous vertical 
developed. There was regularity the distance between 
the cracks, and place were there any evident signs horizontal 
eracking. The “racks,” which seemed unavoidable, apparently 
had influence the location the number cracks. The largest 
were near the ends the dam, and least six them leaked 
considerable quantity water, which leakage materially diminished 
the summer months, but did not cease entirely. 

effort any kind was made treat these cracks diminish 
the leakage. 

measurement and estimation, the total width all the cracks 
top the dam was in., and the largest ones could traced 
down the face the dam for distance ft. from the top. 

Thermophones were embedded different points the dam sec- 
tion, and some interesting data regarding the interior temperatures 
large mass masonry were obtained. Thaddeus Merriman, 
Assoc. Am. Soe. E., who was Principal Assistant Engineer 
this work, has made analysis the data obtained from these 
thermophone records and the temperature cracks this dam. 

Cross River Cross River Dam built cyclopean 
masonry and faced, both stream and down stream, with concrete 
blocks. Fig. Plate view the down-stream face from 
the south end, and Fig. Plate the up-stream face, showing 
the waste-weir and gate-house. 
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all, cu. yd. masonry were required, Portland cement 
being used exclusively. 


The upper ft. the dam was reinforced with 1}-in. square 


twisted rods, rods equivalent area. They were placed six hori- 
zontal layers, laid longitudinally and hooked together the ends 
right-angled bends. Plate XCIII shows the rods the second layer 
place, and Fig. Plate their location. The number and 
position these rods were fixed the Chief Engineer, Walter 
Aqueduct Commission. was not expected that the use these rods 
would entirely eliminate the temperature cracks, but was hoped 
that would prevent their concentration few large cracks. 

the first season, about 87800 cu. yd. masonry were placed, 
the maximum month’s work being cu. yd. During the first 
season, the dam was built approximately horizontal layers 
derricks placed outside the section. Work was continued until about 
the middle December, when was suspended because cold 
this time the dam had been built for height about 
92.5 ft. above the lowest point the foundation, the maximum bottom 
width being 116.3 ft. and the top width, ft. temperature cracks 
were discovered during the winter 1906-07. 

During the second season, 1907, the dam was built with derricks 
placed directly the wall. These were arranged back back, and 
built pinnacle with maximum height ft., the “rack” being 
slope, this being the limit maximum height and slope 
allowed. Upon the completion these pinnacles, the derricks were 
shifted similar position the top the pinnacle, the intervening 
space was filled, and another pinnacle was built thereon. This opera- 
tion was continued until the dam was completed. Plate XCIV 
shows the order which the masonry was placed, and the quantity 
for each month, also the manner placing the masonry and the 
location the cracks. 

Work was resumed late March, and the main dam was completed 
the end August, 1907; consequently, all masonry used its con- 
struction during the season 1907 was laid the warmer weather. 

The waste-weir, the section which about ft. high and ft. 
wide top, was built mostly September and October, sections 
ft. long, slip-joint being provided the end each section. 

The first temperature cracks the main dam were noticed early 
October, 1907, and were four number, located Stations 46, 
March ist, 1908, three these cracks could traced down the face 
the dam for distance ft., and the fourth for distance 
about ft. from the top. There was indication any horizontal 
cracking, except points where the cracks for short distances followed 
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top, gradually diminishing width toward the bottom. The maxi- 
mum width all the cracks in. 

leakage seepage through the dam through the cracks was 
noticed until January 16th, 1908. this date the water stood 
point ft. below the top the dam, and the leakage was noticed 
distance ft. from the top the dam. Fig. Plate 
shows the crack Station 89, which extends through header 
block. slight amount leakage continued until February 7th, 
when suddenly increased, indicating that there was free passage 
for water through the dam section the cracks. February 10th, 
measurement showed leakage 6.6 gal. per min., and February 
17th, this had increased 23.9 gal. per min., which the maximum 
amount leakage measured any time. soon the marked 
increase leakage was noticed, steps were taken control it. This 
was accomplished caulking the crack the up-stream face with 
lead wool and grouting the crack. These measures were successful 
the extent reducing the leakage 4.5 gal. per min., and this has 
continued diminish since the warm weather set in. 

From these observations would appear that the dam was entirely 
cracked through for distance about ft. from the top, which 
point the section 31.75 ft. wide, and partially cracked for distance 
ft. further from the top the dam. This condition, and also 
the position the reinforcement, shown Fig. Plate XCV. 

the waste-weir, all slip-joints opened, but not great 
width the cracks the main dam, probably due the fact that this 
masonry was laid the colder months. 

From the observations made the structures here described, the 
following conclusions are dre 

the speaker does not wish understood favor- 
ing “racks” hydraulic masonry, believing them objectionable, 
does not appear that they, any way, affect the number loca- 
tion cracks. 

does not appear that there any extensive separation 
the masonry horizontal planes. The vertical cracks seem 
Caused the expansion and contraction the molecules the 
masonry itself, due ranges temperature. 

apparently uniformity the distances between 
Boonton, there crack for about every 100 ft. the 
the dam, and Cross River, one for about every 200 ft. 
This may may not due the manner which the masonry 
the irregularity the profile the foundation, the 
the dam. 
reinforcement the Cross River Dam—as quantity 
method placing—was not effective preventing the concen- 


the horizontal joints the blocks. The cracks were widest the Mr. Honness. 
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tration the cracks. Another arrangement and greater quantity, 
carried for greater distance from the top the dam, might prove 
beneficial, and distribute the effect temperature changes large 
number very small 

5th.—It would appear that would best provide for the con- 
trol the temperature cracks the use vertical joints, sug- 
gested Mr. Gowen, not overlooking, however, the fact that 
practically impossible prevent slight seepage, which will disfigure 
the face any dam, matter what class facing used. Provisian 
should made prevent this seepage from reaching the down-stream 
face. Experience alone will show what details should used mak- 
ing these joints, but seems certain that they will not add materially 
the cost construction. 

interest every engineer. is, moreover, one which, the present 
time, little understood. more facts concerning are brought 
out, therefore, they will lead better knowledge and, conse- 
quently, better design masonry structures. 

The author has presented one phase the The speaker 
will endeavor present another, basing his conclusions the 
observations the interior temperatures the masonry dam 
Boonton, 

The Boonton Dam was built during the years 1902, 1903, and 
1904, across the Rockaway River, near Boonton, J., the Jersey 
City Water Supply Company, for the purpose furnishing supply 
water Jersey City, Its design and construction were under 
the direction Edlow Harrison, Am. Soc. E., Chief Engineer, 
Waldo Smith, Am. Soc. E., Consulting Engineer, William 
Fuller, Am. Soc. E., Resident Engineer, and George 
Honness, Assoc. Am. Soc. E., Division Engineer. 

The total length this dam 100 ft., ft. being masonry 
having the cross-section shown Fig. The maximum height 
the full masonry section 114 ft., and its average height for its 
entire length ft. its north end the masonry ft. 
height, and its south end the top the dam ft. above the 
foundation. The axis the dam bears 12° west north, and the 
dam impounds water its west side. The profile, Plate XCVI, 
shows the progress the masonry during construction, well 
the locations and sizes the temperature cracks which have occurred. 
Fig. indicates the number cubic yards masonry built during 
each month. 

The down-stream face the dam was faced with ashlar, shown 
Fig. Plate The up-stream face was formed 
shown the photograph, Fig. Plate which also gives 
view the intake gate-house. The general character the interior 
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masonry indicated Fig. Plate XCVIII, and Fig. Plate mr. Merriman. 


shows the completed structure water was beginning 
pass over the spillway, which, should noted, forms part the 
main dam. 

Atlas Portland cement was used exclusively the construction 
this dam. The masonry the interior and composed 
roughly 50% concrete and 50% large stones. The concrete 
was mixed the proportions 1:3:6. the stone used was 
gneiss, and the sand was from local deposits, evidently 
glacial origin. 

247 800 Cubic Yards 


1904 230 
220 
210 
170 
160 
150 
(2) 140 
110 
100 
Fie. 


temperature cracks which have occurred are shown the 
profile, Plate Those which occurred during the first winter 
(1903-1904) are indicated solid lines, the upper ends which 
the height which the masonry had advanced when work was 
suspended, December, 1903. will observed that cracks 
are shown between Stations 00. This explainable 
the fact that the upper layers masonry between these stations were 
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all put during November and December that winter. The 
weather during these months was extremely cold, and the surface 
all the masonry then put was frosted. The temperature range 
this part the work, therefore, was probably quite small, and the 
frosted condition the surface also tended prevent the discovery 
any cracks which may have existed. 

Before the winter 1904-1905 arrived, the masonry the dam 
had been completed, and the cracks shown dotted lines made their 
appearance; the crack Station also again opened up. 

During the third winter (1905-1906) new cracks appeared, but 
all those which had formed during the second winter again opened up. 
noticeable fact connection with the re-opening these cracks 
during the winter 1905-1906 was that they did not all open the 
same ratio during the previous winter; that is, one the cracks 
was larger than year ago, while one both its neighbors was 
smaller. 

During the fourth and fifth winters (1906-1907 and 1907-1908) all 
the old cracks re-opened, though, already noted, not always the 
same ratio, and new cracking could observed. 

Seventeen main cracks have appeared the masonry section 
this dam, the designation, “main cracks,” referring here, elsewhere 
this discussion, cracks having top width in. more. 
Besides these main cracks, there have appeared also smaller ones, 
each having top width less than in., and, addition the 
cracks which extend entirely across the top the dam, there are 
about equal number which not extend across the section, but are 
confined one-half less the crest width. 


approximate computation the probable sum all the cracks 
follows: 


dimensions Plate XCVI. ......... 


general inspection the profile, Plate indicates that the 
main cracks occur very regular intervals, and that this interval, 
except near the ends the dam, not far from 100 ft. also 
apparent that proportionately more cracks have developed that por- 
tion the dam which the masonry was laid during the warmer 
months. 

very large quantity water has passed through any except 
the main cracks. Through them, however, considerable seepage occurs. 
This seepage greater winter than summer, and some them 
more less visible during the entire year. consequence 
this seepage, the face the dam wet the immediate vicinity 
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ice are formed, that view the face the dam during the cold 
season presents very interesting picture. The principal seepage 

March 17th, 1908, this seepage was measured and found 
gal. per hours. 

connection with his studies the question the temperature 
changes masonry dams and their effects, the speaker visited the 
New Croton Dam March 17th, 1906, and desires record here his 
observations. 

The crest the New Croton Dam serves roadway, and 
paved with rough concrete which was put down two layers 
form horizontal expansion joint. This feature rendered the 
determination the sizes the cracks more difficult than Boonton, 
where the top the dam was finished off with granolithic surface 
integral with the body the dam. 

For the purpose removing the drainage from the crest the 
New Croton Dam, tunnel, parallel with its axis, and placed the 
body the dam below its crest, was provided. This tunnel afforded 
good opportunity for inspecting the cracks, which, however, here 
well elsewhere, had been caulked prior the time the speaker’s 
visit. 

There were found this dam five large cracks. The largest 
these measured about in., while each the other four averaged about 
addition these larger cracks, there were number smaller 
ones, but just how many could not determined, account the 
concrete roadway. These smaller cracks did not show the drainage 
tunnel, but the coping joints the dam crest. 

the spillway section the New Croton Dam the speaker 
found very large cracks, though were ten small size, 
together with number others showing the joints the 
coping. 

The general external conditions this dam after its completion, 
therefore, did not appear differ materially from those Boonton, 
and, general, they were also similar those described Mr. 
Honness existing the Cross River Dam. 

not probable that the passage water through temperature 
cracks can have any appreciable influence the life the structure; 
any rate, more than has the face joints the up-stream 
side; moreover, most the evidence hand indicates general 
way that Portland cement not deteriorate the presence 
water, but rather, and the contrary, that improves both strength 
and durability becomes older. greater and more important 
question seems be, what may expected the life masonry 
dam constructed with Portland cement now manufactured? 


the crack through which occurs, and winter huge masses Mr. Merriman. 
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Mr. Merriman. The passage water through temperature cracks probably has 
appreciable effect the life the structure, yet, its presence 
the visible face, calls attention the cracks themselves, and, one 
unfamiliar with the technique dam design and construction, such 
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Reservoir, for the new supply from the Catskill Mountains, step Mr. Merriman. 
the right direction, though experience alone will able tell 

whether all cracking can prevented simple manner. 

work the Boonton Dam progressed, eleven thermophones 

the Whipple-Warren type were built into the masonry Station 

(Plate XCVI). The positions the thermophones the cross- 

section are shown Fig. These thermophones were designed 

sensitive and correct within the nearest degree. During the first 


DIAGRAM VARIATION 
RANGE TEMPERATURE 


RESULTING FROM ATMOSPHERIC 
TEMPERATURE CHANGES, 
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year the temperatures were read directly from the graduated scale 
the resistance box, the point equalization being determined 
noting the cessation vibration telephonic receiver when the 
circuit was rapidly made and broken. Later, the telephone arrange- 
was replaced galvanometer, the temperature being read, 
before, the graduated scale. 

various times trouble was experienced with the operation 
the thermophones, indicated the sudden fluctuations the 
temperature curves Plate XCIX and Fig. later, the coils, 
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one after the other, without any apparent reason, ceased recording, 
until this time none the eleven giving reliable results. 
investigation into the cause the trouble soon showed that was 
due the insulation the cables leading the coils. The cables 
were the three-strand parallel variety, the three strands being 
brought together and then wrapped cotton armor, which was after- 
ward treated with water-proof coating. Each the three strands 
consisted No. copper wire, insulated layer what ap- 
peared vulcanized black rubber. For some reason, whether 
account the behavior sulphur the presence Portland cement 
and its constituents, the sulphur the insulation attacked the copper 
the wires, and although perhaps not entirely destroying the wire, yet 
modified its resistance that the results from the coils became 
valueless. 

future installations this character, the speaker would recom- 
mend that each the wires the cables insulated with three 
wrappings silk and coated with paraffine after each wrapping. The 
three strands which the cable formed should then brought 
together, wrapped twice with cotton and again coated with paraffin. 
The cable thus made should then drawn into lead armor, which 
armor should soldered directly the brass tube containing the 
thermophone coils. this way the speaker believes that absolutely 
moisture-proof lead can obtained from the thermophone point 
outside the masonry. 

Plate XCIX are plotted the records the thermophone coils, 
together with the daily and monthly mean atmospheric temperatures. 
order avoid confusion, not all the records have been plotted, 
but only those showing the more continuous and uniform values. 
inspection the curves these coils shows that all those placed prior 
October, 1903, except Nos. and reached their minimum tem- 
peratures during the following April. These same coils reached their 
next minimum, however, during March, 1905, spite the fact that 
the atmospheric minimum occurred one month later than the 
previous year. Coils Nos. and being but ft. from the faces 
the dam, reached their minimum temperatures not far from the time 
the occurrence the atmospheric minimum. The speaker, there- 
fore, led the general conclusion that, owing the heat generated 
the cement during its setting, about one year must elapse before 
masonry dam dimensions comparable with that Boonton, 
will reach temperature which will depend only its position 
the dam and the changes the atmospheric temperature. This 
holds true for all portions dam, since, the heat 
generated the setting action the cement being lost from any 
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portion the masonry, must affect and tend keep the Mr. Merriman. 


temperatures all its parts. 


Boonton, J., Dam. 


Maximum Date Minimum Date Total 
temperature, maximum tem rature,| minimum 
0. n degrees. mpera- n degrees. tempera- “4 
2.0 Aug., 1904 March, 1905 
8 11.0 68 Sept., 1904 43 es 1905 20 
y 2.5 71 Aug., 1904 84 >a 1905 37 
10 16.0 68 Oct., 1904 46 pa 1905 22 


Referring again Plate XOIX, easily seen that minimum 
and maximum temperatures near the center the dam are reached 
approximately days after the occurrence the atmospheric mini- 
mum and maximum, respectively, and, moreover, the “lag” seen 
proportional some degree the distance from the nearest face 
the dam. Unfortunately, however, the observations not seem 
warrant the drawing curve this “lag” retardation. 

Table shows the principal results obtained from the thermophone 
observations the Boonton Dam. will noted that observa- 
tions were used the compilation this table until the thermophones 
had been place for practically year. This was done order 
eliminate, possible, the effect the heat generated during setting, 
and heretofore referred to. The results shown this table were then 
plotted the diagram, Fig. and trial curve most closely repre- 
senting the observations was drawn. the total range 
temperature any point the mass, degrees, Fahrenheit, and 
the distance feet the nearest face the dam, then 
135 
where 135 the total atmospheric range, observed during the period 
from June, 1904, March, 1905. During this period the minimum 
temperature reached was —18° fahr., and the speaker estimates that 
the maximum the sun was 117° fahr., that the shade being 
98° fahr. This value, 135, also probably not very far from the maxi- 
mum atmospheric range ever attained the latitude New York. 

Referring the diagram, seen that the curve represented 
this expression fits the plotted points very closely, and the speaker, 
therefore, has adopted until future observations indicate that 
change would advisable. must noted, however, that near the 
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minor limit the curve does not seem fit with the physics the 
case, indicates that the range could never zero, and that 
the range were kept down fahr., the thickness the 
masonry should 182 250 ft. The speaker, therefore, prefers simply 
state that the law expressed this formula, for the present, 
least, should not considered holding true for distances from the 
face the masonry more than ft. less than 0.5 ft. 

well known that, after concrete and mortar have been mixed 
and placed into position, the temperature the mass begins rise. 
small cube this increase temperature reaches maximum 
about hours after the cube made, though, very large mass, 
this maximum may delayed several days. The speaker would refer 
here certain experiments made some years ago the Lehigh Uni- 
versity laboratory during which the temperature the center 
8-in. cube 1:3 Portland cement mortar rose 160° fahr. 
hours after the cube was made, the temperature the laboratory 
being about 70° fahr. would also refer pages 414-416 
Johnson’s “Materials Construction,” where stated that the 
temperature the center mass Portland cement concrete 
increased 93° fahr. days. The increase for the mortar cube was 
90° fahr., and that for the concrete was 93° fahr., agreement some- 
what closer than one would anticipate, the “heating” cement 
would seem depend largely the materials which composed 
and perhaps also the process its manufacture and mixing. 

the Boonton Dam nearly all the materials were deposited 
comparatively thin layers, and the speaker, therefore, considers that 
their maximum temperatures were reached within hours after 
placing. Plate XCIX shown the record coil 
No. daily readings after was put into position. will 
noted that, starting about 77° fahr., this coil showed rise 
about 16° 93° fahr. about days, and that about 11° this 
rise within days. The facts the placing this coil are 
follows: was set into the wall June 24th, 1904, and was 
immediately covered with about in. concrete. The temperature 
the concrete the time was placed was 74.5° fahr. Seven days 
after placing the coil more masonry was placed above it, that, 
within days, was buried total depth about ft. The 
increase temperature recorded this coil, therefore, was, would 
seem, largely due the heat from the masonry placed above it, and 
consequently can said that the temperature the masonry placed 
above coil No. and insulated from in. concrete already 
set, must have reached temperature higher than 93° fahr. 

Fig. are shown the results hourly readings thermo- 
phone No. 11. This coil was placed 11.40 June 24th, 1904 
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Readings were taken until 6.15 that day, when they were dis- 
continued for the night. Next morning o’clock, spite 
clear night, minimum atmospheric temperature 60° fahr., and 
notwithstanding average atmospheric temperature 68° fahr. from 
noon, June 24th, noon, June 25th, the thermophone recorded 
temperature 87.5° fahr., rise nearly 10° since the previous 
evening. The curve temperature for some hours after 8.00 M., 
June 25th, with rising atmospheric temperature, showed downward 

READINGS 


THE 
BOONTON DAM 


a 

LAL 


The solid portion curveis from 
actual observations, The dotted portion has 
(| been putin as representing probable con- 
ditions from analogy with experiments 
changes in mortar cubes made 
Lehigh University Laboratory 1901 
Average atmospheric temperature from 


tendeney, and this fact, together with the rise during the night and 
the general considerations rise masonry due setting, set 
forth previous paragraph, has led the speaker indicate 
Fig. the probable curve temperature for this coil between 6.00 


Mr. Merriman. 


June 24th, and 8.00 June 25th. The considerations which 


will explain the reasons for putting the probable maximum tempera- 
ture reached 100° fahr., are follows: 

Boonton Dam constructed cyclopean masonry, composed 
roughly 50% large stones and 50% concrete, having propor- 
tions therefore 25% the mass mortar and 75% stone, 
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whether large small. If, now, assumed that the specific heat 
the stone 0.2 and that the new mortar 0.4, and that the 
temperature the mortar alone would rise 90° fahr., follows that 
the temperature the mass will rise 36° fahr., and the initial 
temperature the mass was 74° fahr., that therefore the resultant 
temperature would 100° fahr. 

The average atmospheric temperature the months during which 
masonry dam usually placed not far from 58° fahr., and 
the chemical changes due the setting cement are sufficient 
induce the masonry rise 36° fahr., then reasonable 
suppose that the masonry setting will reach temperature 
58° 36° 94° fahr. This estimate, will noted, based 
the assumption that the average temperature the sand and stone 
used the construction will the same the average temperature 
the atmosphere. 

arriving conclusion this point the speaker borne 
mind the approximate character the computations, and the data 
entering them, and has preferred state that the maximum average 
temperature which the masonry will attain shortly after being placed 
position 100° fahr., rather than the 94° fahr., above deduced. 
has done for the reason that appears, from all considerations, 
true beyond reasonable doubt that some the masonry 
dam will reach this temperature, and that, therefore, conservative 
and the side safety assert that all the masonry will like- 
wise. far observations actual temperature cracks masonry 
dam tend bear out this point, reference Plate XCVI will show 
that all the main cracks which appeared the top the Boonton Dam 
are found the masonry which was placed during the warmer months 
the working year. The speaker, however, considers this only 
corroborative fact, there are many other factors which may have 
great influence the location the cracks. Among these should 
mentioned the height the masonry, the “racks” which was built, 
and the irregularity the foundation profile. 

Before leaving the question the records the thermophones, 
will interesting indicate the difference behavior between 
coils Nos. and coil No. being within ft. the water face 
the dam, while coil No. within 2.5 ft. the exposed down- 
stream face. During the winter 1903-1904 the water the reser- 
voir rose just about level with coil No. Both these coils reached 
their maximum temperature during August, 1904, No. attaining 
69° fahr., and No. 71° fahr. No. this time, was not sub- 
merged more than ft. water. During the following summer, 
however, No. reached only 54° fahr., while No. reached 65° 
No. this time being submerged about ft. 
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The equalizing effect the water the reservoir shown Mr. Merriman. 
the curves Plate which indicate that the water side the 
dam cooler summer than the exposed face, and conversely. These 
curves also show that the temperatures the two faces are equal twice 
each year, December and April. 

The setting cement the physical phenomenon resulting from 
chemical changes within its mass. those who have made study 
the subject, these changes have been likened the arrangement 
the molecules into definite and fixed form, resembling crystallization 
some extent. has been seen that the process setting accom- 
panied the evolution heat, and says: 


“In fact, with quick-setting cements the témperature curve 
truer index the setting period than the mechanical tests firmness 
which are usually employed for this purpose.” 


Again, page 416, says: 


“With slow-setting cements the rise temperature cannot 
observed with accuracy, and smaller amount than case 
quick-setting cements. such cases the heat developed dissipated 
because its slow generation, and does, therefore, not become sensible 
thermometric measurement.” 


From all points view, therefore, appears probable that 
Portland cement setting assumes its final definite form and shape 
time when its setting temperature maximum. The speaker 
believes undisputed fact that the range temperature 
which produces the maximum stress body, provided only that the 
not free contract expand, the difference between the 
highest and lowest temperatures which the body will subjected. 
view all the evidence, therefore, submits that masonry 
dam the maximum range temperature which causes tensile stresses 
the masonry the difference between the temperature which the 
cement assumes its set and the lowest temperature which may subse- 
quently reached. From once follows, the average setting 
temperature 100° fahr., that the minimum total tensile stress 
producing range any portion any dam cannot less than the 
difference between 100° fahr. and the yearly mean temperature the 
atmosphere the place where the dam built. the latitude 
New York this minimum range, therefore, 52° fahr. 

Fig. cross-section the Boonton Dam which have been 
plotted the curves probable total temperature range within its mass, 
attempt having been made allow for the influence the water 
the reservoir, the information hand too meager warrant 


Materials Construction,” New York, 1906, 415. 
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such study. The problem, therefore, has been studied from the 
point view simple masonry wall the cross-section shown. 

The atmospheric range 135° fahr. undoubtedly true the 
exterior faces, but ft. within the dam found that the applica- 
tion the law -variation the range connection with the 
setting temperature the masonry gives range only 72° 
also found that necessary ft. farther into the dam 
find point where the range 60° fahr. Fig. interesting 
that exhibits condition affairs the center masonry dam 
almost diametrically opposed that which has heretofore been believed 
true. 

connection with the measurements the cracks the Boonton 
Dam and the temperature ranges herein indicated, the speaker en- 
deavored obtain some idea the tensile stress which the masonry 
actually carries. order this became necessary make 
certain assumptions, follows: 


a.—The top width temperature crack the same its width 
point ft. toward the interior the dam. Were 
this not the case one might expect very shortly see 
every concrete dam begin “peel off.” The crack 
prevented from assuming the size indicated the range 
temperature the surface shearing forces which 
stress the masonry directions parallel with the axis 
the dam. 

b.—That the coefficient elasticity the masonry 500 000 
per sq. in. 

the range temperature which has produced the 
cracking and stresses 72° fahr. 

d.—That the coefficient expansion the masonry 
per degree, Fahrenheit. 


The total visible cracking has been seen aggregate 3.50 
and the length the masonry 2150 ft. 

With these data appears that, had cracking occurred, the 
tensile stress the masonry would have been 990 per sq. in.; 
had the masonry been free move, the contraction would have 
amounted 10.20 in., and that since elongation 6.70 in. 
mains unaccounted for, the tensile stress the masonry must now 
about 650 Ib. per sq. in., result which agrees fairly well with what 
might supposed the tensile strength large mass 
the strength small test pieces its mortar one year 
test 380 per sq. in. 

tensile stresses exist masonry dam and act planes 
right angles its axis, there admissible reason for belicving 
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that such stresses not exist and act with equal intensity all 
planes and every angle. This being the case, the stresses due 
this cause should not overlooked when the design masonry dam 
under consideration, particularly when remembered that the 
forces which act dam cause tensile stresses within its mass. 

entirely independent confirmation these results has come 
hand the interesting facts presented Mr. Honness, who has 
pointed out that the cracking the Cross River Dam probably did 
not extend entirely through its cross-section because the leakage, when 
the water stood below point ft. below the dam crest, was very 
slight. probable, therefore, that the cracks did not extend much 
more than ft. below the dam crest, and would seem follow 
that this point the temperature range was just sufficient over- 
come the tensile strength the masonry. Referring Fig. will 
seen that the temperature range point the center the 
dam and ft. below its crest would not far from 61° fahr., the 
cross-sections the two structures being very similar. This range 
temperature, assuming the same constants previously used, would 
indicate that the masonry had tensile resistance about 800 
per sq. in., which agrees very well with that determined for the Boonton 
Dam when all the differences are considered, and when 
bered that this dam was not year old when the cracks were observed. 
Its interior temperature, therefore, was higher than will later, 
and consequently the actual range temperature was less than that 
used the computations. Such condition would make the apparent 
strength the masonry somewhat higher than its true value. The 
steel rods used the upper portion this dam may also, possibly, 
have had some influence the size and positions the cracks, 
though the speaker does not feel that the introduction steel into 
masonry mass can have any other action than prevent the localiza- 
tion cracking. The total cracking due temperature changes 
must the same, whether not steel used. 

The theoretical deductions thus made large masonry mass 
seem fairly well confirmed the physical facts its behavior 
after visible surface cracking has occurred. Yet means 
certain that they are more than appproximately correct, not only 
account the uncertain nature the data, but also account the 
many factors entering the problem for which allowance the 
present state knowledge can made. 

addition the thermophone observations Boonton, the 
attempt was made ascertain whether not there was any change 
length between the ends the masonry structure due seasonal tem- 
perature changes. For this purpose lead plugs were inserted near each 
end the masonry and about ft. apart. right angles with the 
axis the dam and line with each these plugs two heavy 
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all posts were set into the ground penetrating well below the frost line. Mr. Merriman. 
Using transit, point was then put each them line with 
iam point the lead plug. Frequent observations with the transit failed 

the detect any shortening movement; such motion was detected 


may have been due errors observation, and the information gained 


was negative only. 
ome 


concluding his discussion the Boonton results, the speaker 
would summarize follows: 
months must elapse after the placing masonry 
the cross-section dam comparable with that Boonton before 
the heat generated the chemical changes incident the setting 
the cement becomes lost extent sufficient render its existence 
will the expiration months, minimum and maximum 
the temperatures near the center the masonry are reached approximately 
days after the occurrence, respectively, the seasonal atmos- 
pheric minimum and maximum. 
masonry dam, due external temperature changes, dependent the 
exterior atmospheric temperature range, and the distance the 
nem- from the face the dam. For distances ft. and per- 
haps for greater ones, the interior range varies inversely nearly the 
cube root the distance from the face. 
that after concrete and mortar are placed dam, the 
temperature their mass rises and probably reaches maximum 
about hours after the placing. This maximum about 100° fahr. 
5.—It may inferred that the constituents the mortar and con- 
assume their final form and shape the time when their maxi- 
mum temperature reached. This being the case, would appear that 
nearly all portions masonry dam are under tensile stress, prac- 
tically from the time the materials composing are placed their 
position, and consequently seems follow that the stress producing 
range temperature more nearly equal for all portions the struc- 
havior ture except those very close the exterior the mass than has hitherto 
been supposed. This deduction follows from the consideration that, 
the maximum temperature attained 100° fahr., then the stress pro- 
ducing range the difference between 100° fahr. and the lowest tem- 
the perature subsequently attained. 
computations indicate that the ultimate tensile 
the strength the mass masonry dam constructed Portland cement 
nge not far from 700 per sq. in. 
the evidence hand, would seem that the use slow- 


setting cement would tend keep down the setting temperature, and, 
heavy 


therefore, might expected that structure made such cement 
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would show less cracking than one made cement which takes its 
set more rapidly. 

Table the author gives the coefficient expansion for masonry 
large masses. This coefficient expansion, 0.00000307, some- 
what smaller than that which has been used heretofore the design 
masonry structures, fact, about one-half, and the speaker would 
suggest that this difference may accounted for, least, part, 
the fact that, deducing his value, the author used the range 
atmospheric temperature, whereas the temperature range which was 
effective the mass masonry was materially less. 

The present-day design massive masonry structures deficient 
far proper knowledge had of, and proper allowance made 
for, the effect the tensile stresses due temperature changes. These 
stresses, when taken together with the other tensile stresses resulting 
from the forces acting the mass, may give rise resultant stresses 
excess conservative practice; therefore, all facts bearing this 
question are value, and the author congratulated for having 
presented such concise form the results his extended observations 
the highest masonry dam the world. 

Lowe Brown, Am. Soc. short account 
the cracks which appeared the Assouan Dam may interest, 
the speaker will describe them the best his recollection. 

Mr. Gowen’s paper gives very clear account the cracks which 
appeared the New Croton Dam, and the very careful measurements 
which the author had taken for long period. Such painstaking 
work always great value others, and engineers should grate- 
ful him for what has done. 

Gowen concludes suggesting that, order avoid cracks, 
certain precautions should taken; these may summarized 
follows: 

(a) Sudden changes section should avoided. 

(b) The work should carried out horizontal layers, and 
all racking and stepping avoided. 

(c) The work should not carried hot weather. 


building the Assouan Dam, owing unavoidable conditions, 
these rules were violated very flagrant manner, especially the 
lower half the dam, will seen from the following: 

(a) was impossible avoid sudden changes section, for pro- 
vision had made for allowing the River Nile when flood 
pass without damaging the structure, and this could only done 
veniently leaving sluices through the body the dam. There were 
180 these sluices, 120 which were ft. high and ft. wide, and 
the remainder ft. high and ft. wide. addition these, there 
were buttresses between each set ten. The greatest variation 
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section, however, was caused the very irregular nature the founda- mr. Brown. 
tion line, which was cut five distinct river channels, divided 
high points which were only flooded high Nile; and the irregularity 
was increased still further the fact that the rock the bottom 
the various channels was usually much softer than that between them. 
Consequently, order get solid rock foundation, the excavation 
the channels had carried greater depth below the original 
rock line than the higher portions; great, fact, was this sudden 
drop one point, that was deemed advisable cut away the good 
rock the sides series steps order make less sudden. 
(b) was impossible carry the lower portion the work 
horizontal layers, for only two the river channels could blocked 
any one year, and was necessary complete the excavation and 
carry the masonry above the mean river level these channels 
one working season; the result was that, the earlier stages, each 
season’s work consisted large mass masonry the newly ex- 
posed foundation and straggling piece work above that the 
previous year, and the first section was almost completed before the 
last part the foundation was commenced. 

(c) was impossible avoid carrying the work the very 
hottest weather, for the working season was only about eight months— 
December August—and as, during the first four these months, 
most the time was spent excavating the foundation, was neces- 
sary the bulk the work, the lower portions the dam, 
May, June, and July, during which months the mean temperature re- 
mained above 90° fahr. The maximum midday shade temperature 
was very frequently 110° fahr., and occasionally 122° fahr.; the 
sun was very much hotter (170° fahr., more). The minimum 


winter temperature usually about 50° fahr. and occasionally goes 
down 40° fahr. 


Being built under such conditions, would reasonable sup- 
pose that the Assouan Dam would very badly cracked. This, how- 


ever, was not the case. There were perhaps six seven cracks, alto- 


gether, but none them was serious. The largest crack occurred 
one the most sudden changes section, due high step the 
foundation, the side sluice and close proximity one the 
buttresses. This crack extended from the top the dam almost down 
the rock foundation, and was about in. wide the foundation 
and rather more the top, cold weather. extended through the 
dam from side side. 

Calculations show that dam this length—6 500 ft.—the total 
amount contraction would about ft., assuming the range 
temperature the masonry only 30° fahr. point fact, the 
width all the cracks could not have been more than from 
The masonry, however, must have contracted amount 
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commensurable with that given the calculation for the stress set 
the tendency shrink. Had there been cracks, this would have 
been 375 per sq. in., the modulus elasticity were 500 000 
per sq. in., and were higher, which much more likely, the stress 
would greater. Even the masonry remained under tension 
200 Ib. per sq. in., the aggregate width the cracks must have 


about in.; probable, therefore, that there were 


great number cracks which were not visible. 

has frequently been observed that concrete structure. there 
are more cracks than similar structure stone masonry. 
probably because concrete can only relieve itself stress 
fracture the whole mass, while masonry structure can give way 
creeping and shearing between the component stones and their beds. 

The amount leakage through these cracks was very small, and, 
the worst one, only amounted about gal. per hour, and de- 
creased very considerably after the reservoir had been full for some 
time. The small leakage compared with the size the cracks 
usually assumed due the irregularity the fracture, and 
the fact that the width much less the heart the masonry, where 
the temperature changes are much smaller; this probably the correct 
explanation. 

reason for the decrease the leakage, after the reservoir has 
been full for some time, has suggested itself the that 
the masonry the up-stream face swells when becomes wet, and 
doing closes the crack. 

-That swelling very real factor was clearly illustrated the 
observations, referred Mr. Gowen, which were made Sir 
Alexander Binnie concrete beam 100 ft. long and ft. square 
section. The changes length due changes the humidity the 
frequently almost entirely masked those due changes 
temperature, and was only after arrangements had been made for 
measuring the amount moisture the concrete, every time ob- 
servation the length the beam was made, that standard com- 
parison could established for the various observations length, 
and that the changes length due temperature could 
distinguished from those due chauges humidity. 

With regard Mr. Gowen’s paper, there are two points which 
might mentioned. The addition foundation line the longi- 
tudinal view the dam would tend show more the 
changes section from point point, and might explain the position 
the cracks. 

The probable reason why the coefficient expansion the 
found Mr. Gowen small has been pointed out Mr. 
certain that the range temperature the masonry itself 
must have been less than that the atmosphere, and, had been 


"bal 
\ 
7 
q 
] 


Papers.] DISCUSSION EFFECT TEMPERATURE MASONRY 639 


possible observe the former instead the latter, very accurate Mr. Brown. 
value for the coefficient might have been obtained. That this would 

been the same that shown Table not very probable, for 


reason why various kinds concrete and masonry differ- 
ing greatly their component materials should show any in- 
variability their coefficients expansion. 
There one sentence Mr. Gowen’s paper which the speaker 
wishes take exception. After stating that the coefficients ob- 
here tained may have been affected the gradual drying out the 
This masonry, continues: the higher coefficients (the first 
two Table may due measure this.” The first value 
way the coefficient obtained from the increase length due rising 
beds. temperature, and therefore any shrinkage due drying would have 
and, reduce the coefficient and not increase it. 
Mr. Merriman has stated that, the use the thermophones 
some the Boonton Dam, there was great difficulty with the insulation the 
wires. suggests that the wires incased lead. This was done 
the case the resistance thermometer built into the Assouan Dam. 


and there was difficulty getting accurate temperatures. 


has 
that 


the 
Sir 
are 
the 
for 
ob- 
com- 
length, 
could 


which 
ely the 


itself 
been 


4 
‘ 
\ 
q 
ay 
| 


Mr. Murphy. 


Vol. XXXIV. AUGUST, 1908. No. 


AMERICAN SOCIETY CIVIL ENGINEERS 


INSTITUTED 1852 


PAPERS AND DISCUSSIONS 


This Society not responsible, body, for the facts and opinions advanced 
any its publications. 


RAIN AND RUN-OFF NEAR SAN FRANCISCO, 
CALIFORNIA. 


Discussion.* 


Assoc. Am. Soo. (by letter).—In this 
paper the author has given the results his study rain distribution 
over area about 5000 sq. miles lying the southeast San 
Francisco; also, the results computations rain and run-oft from 
three small basins this area. the rain was measured places 
this area, for periods varying length from few years 
years, and the run-off from the three basins was carefully measured 
for several years, these results are more than ordinary value. 

The normal rain distribution over this area for the years, 1849 
1903, shown isohyetals. Comparing these lines with the lines 
for this area for the period 1870 1901, prepared the United 
States Weather Bureau, one finds comparatively little similarity. The 
number points where rain measured comparatively small. and 
many these are cities low elevation. Much the 
country high elevation without rain measurement. 
sary, therefore, drawing these lines, supplement the precipitation 
and elevation data with judgment based general principles and 
personal knowledge the country. All the rain records not begin 


Proceedings for April, 1908), printed Proceedings order that the views 
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the same date and some them there are missing months and 


years. The computed normal place depends some extent the 
method used interpolate the missing data. expected, 
therefore, that the location isohyetal lines different persons will 
differ somewhat. 

From the isohyetals for each year the mean depth precipitation 
over drainage basin computed. From them, also, the number 
rain gauges necessary basin give required degree precision 
rain measurement seen. From them, too, the change distribu- 
tion given place from year year seen. 

The author gives run-off curve for the Coast Range based his 
study the rain and run-off from three small basins. One would 
naturally expect the data from area less than sq. miles, 
which the rain and run-off were carefully measured, concordant 
and give well-defined run-off curve. Such not true for this case, 
however. seen that all the points representing the data the 
Upper Crystal Springs Basin fall the right the author’s run-off 
curve, and five the seven points the Pilarcitos and San Andreas 
Basins fall the left this curve. clear that each these 
three basins requires run-off curve its own, the computed run- 
off have reasonable degree accuracy. 

The third column Table gives the measured run-off from the 
Upper Crystal Springs Basin, and the fourth column gives the run- 
off taken from this curve. The latter, for the 11-year record, 88% 
greater than the former, 


TABLE 5.—RAIN AND FROM UPPER CRYSTAL SPRINGS 


BASIN. 
Year Rain, Run-off, Run-off from curve, 

1877-78 51.5 13.8 18.0 
78-79 0.0 8.5 
79-80 40.7 1.1 10.2 
80-81 36.9 0.0 8.0 
81-82 28.6 1.3 2.6 
82-83 22.9 1.4 2.6 
83-84 4.3 8.0 
84-85 26.5 1.8 3.6 
85-86 9.5 8.5 
86-87 26.0 3.1 8.1 
87-88 25.4 3.0 


These data appear show that run-off curves may differ large 
amount, even for small adjoining basins which appear similar. 
The author’s illustration, Fig. the necessity treating drain- 
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age basins subdivisions, computing the depth rain, apt. 
shows the need large number precipitation stations basin. 

The data this paper show clearly that run-off computed from 
precipitation subject very large errors. 


should thanked for putting the results his long investigation 
rainfall and stream flow near San Francisco record for the use 
other engineers. During the past five years and more the writer has 
spent most his time similar investigations—studies the rain- 
fall and stream flow Coast Range and Sierra areas—with view 
the utilization the streams for water supply, power, irrigation. 
His work has included, not only much study and deduction the 
office, both from published records and original records secured the 
field, but also the establishment more than 130 rain gauges and 
about stream-gauging stations. Therefore, has accumulated 
large number engineering data the subject California rain- 
fall and stream flow, and feels that can add something the 
value Mr. Grunsky’s paper discussing it. However, urgent 
work prevents putting these data into shape for publication present, 
the writer obliged restrict his discussion Mr. Grunsky’s paper 
comments some statements from which differs, hoping 
present his own rainfall and studies for publication some- 
what later. 

Referring Mr. Grunsky’s high-mountain Sierra Nevada run- 
off curve, the writer has checked its correctness quite exhaustively, and 
finds be, representing nearly minimum run-off, quite 
accurate representation Sierra conditions. cannot agree with 
Mr. Grunsky, however, that represents any way mean values 
Sierra run-off. Independently, the writer has worked the rainfall 
and run-off relations the King, Tuolumne, Stanislaus, Mokelumne, 
Cosumnes and American Rivers for all rainfall years (September 
August, inclusive) previous to, and including, 1906-07, making use 
all published and many unpublished data, and isohyetose lines 
and numerous base rainfall stations, order deduce reasonably 
accurate average rainfalls for each area gauged and for each 
The results this study, expressed points plotted rectangular 
co-ordinates, representing rainfall and run-off, respectively, are com- 
prised points showing the rainfall and its resulting stream flow; 
and, the points, only fall appreciably below Mr. Grunsky’s 
curve. these points, are for rainfalls more than in., for 
years such high rainfall that they are little interest affecting 
the reliability water supply, and are for rainfalls between and 
in. For those years which the rainfall less than in.—the 
only years practical interest connection with the use Sierra 
streams—Mr. Grunsky’s curve represents the worst Sierra 
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conditions which any record has yet been secured, and not mean mr. Duryea. 
in. conditions, states. 
plotting his curves with respect the average rainfalls and 
stream flows groups several years, instead the rainfalls and 
stream flows each separate year (rainfall season), Mr. Grunsky has 
departed from the usual meaning given run-off curves engineers, 
and, the writer’s opinion, the value and general applicability his 
has have been much lessened the change. nearly all investiga- 
tions for city water supplies (and somewhat less degree for 
power and irrigation projects), the only years much interest are 
the two three forming the period least run-off stream flow, 
the generally coincident with the period least rainfall; and the average 
the water production for several years not usually much practical 
and interest. The Spring Valley Water Company’s Peninsular system, 
ated however, exception this general rule, the small area fur- 
nishing the supply has made necessary develop great storage 
the that the floods the best years are utilized storing the water, even 
gent for ten years, until needed the bad years. The Crystal Springs 
sent, Reservoir, which has been use nearly years, has been filled but 
twice, and its dam yet uncompleted and still ft. below its 
proposed ultimate height. doubtful there any other large 
system with such excessive storage; and rates storage and daily 
supply per square mile derived from this area are little value for 
general application elsewhere. While Mr. Grunsky’s method plot- 
and ting his Coast Range curve, from means instead from yearly run- 
may apply well enough the fully-developed area from which 
with the data are derived, this could have been achieved well curve 
plotted from the actual yearly run-offs, and the data would then have 
been more safely applicable similar areas yet undeveloped. 
umne, The danger plotting mean instead yearly run-offs lies the 
ber minimizing effect thus apparently given the bad influences the 
years least run-off. the writer, there seems justification 
lines for applying the average run-off method the Sierra streams, yet 
onably undeveloped. 
year. regretted that Mr. Grunsky’s two run-off curves are 
shown one diagram, the mingling the symbols relating the 
Sierra curve with those relating the Coast Range curve makes 
flow; study intelligently the relation each curve its 
data. The writer has found necessary use separate 
for diagram for each run-off curve projected. 
Mr. Grunsky’s statement that entering his run-off curve with the 
and rainfall from large area widely varying rainfalls will 
give too low run-off true, theoretically, but the magnitude the 
Sierra dependent the shape and rainfall characteristics each 
run-off area, and generally very small. Table shows this error for six 
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Mr. Duryea. Sierra rivers, the rainfalls considered being the mean rainfalls 


shown isohyetose lines: 


TABLE 
River and gauging station. square 
wholearea.| isohyetose lines. 
King River, above Sangers.............. 8.1 in. 106% 
Stanislaus River, above Ferry. 20.2 21.0 104% 
Mokelumne River, above 639 19.2 105% 3.0% 
Cosumnes River, above Live Oak Sus- 
American River, above Fair Oaks....... 925 26.4 108% 1.5% 


The mean rainfalls the King River area vary from about in. 
the valley in. the high mountains, those the Tuolumne 
River from about in., the Stanislaus from in., the 
Mokelumne from in., the Cosumnes from perhaps 
and the American from about perhaps in.; yet the error 
run-off from entering the Grunsky curve with the average mean rain- 
fall each entire area only from 6%, with average error 
only for the six streams. the average mean rainfalls the 
entire areas are increased from 1.5 with average in- 
crease 2.2%, the run-offs obtained from the curve will then equal 
those resulting from dividing each area into from five nine 
parts and getting the run-off each part separately. Because the 
small error shown for these six streams and also because all but 
minimum run-offs are represented well percentages the rain- 
fall curves, seems that only very unusual instances will the 
treatment large areas whole cause errors the resulting 
off any importance. probable that the streams rising the 
east slopes the Sierra Nevadas and flowing into the Great Basin 
are exceptions this general rule. 


and Toll. 


Am. Soc. (by difficulty determining the 
rainfall for any considerable area the mountain water-sheds Cali- 
fornia well recognized hydraulic engineers having deal with 
water-supply power development within the State. This difficulty, 
due large measure the great variations rainfall conditions 
within even very small areas, accentuated the fact that the longest 
and most reliable rainfall records are those from valley stations, 
that all local records have amended comparision with these 
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longer records before reliable mean seasonal rainfalls can deduced Messrs. 


for the mountain stations, and even then remains decide how 
much territory represented each station. 

valuable aid this determination isohyetose rainfall 
distribution map such that presented the author. Such map, 
based all available data, presents graphic form all known facts 
the distribution rainfall over the area covered, and affords ready 
means judging the mean seasonal rainfall any point for any 
included area. The writers, having access many data not available 
the author the time his investigation, have worked out, for 
the territory covered those data, revised isohyetose map; and they 
present herewith the results their studies additional contribu- 
tion the knowledge upon this subject now made available the 
profession. 

The records here used are largely the results recommendations 
made 1902 Washburn, Am. Soc. E., then Consulting 
Engineer the Bay Cities Water Company, the observations having 
been made within the catchment areas that company. The collec- 
tion these and other data, covering evaporation, humidity, and 
stream flow, Santa Clara County, well the other engineering 
activities that company, was under the direction Edwin Duryea, 
Am. Soe. E., who became, and for several years continued 
be, its Chief Engineer. The field work was under the direct super- 
vision and Cooper, Associate Members, Am. Soc. 
E., Assistant Engineers. Unfortunately, most the final tabu- 
lations these data, together with the various studies which they 
were used, were burned the San Francisco offices the company 

during the Earthquake-fire April, 1906, and the work collecting 
and re-compiling the large mass information, preserved the field 
the original field books and notes, has not since been under- 
taken full. hoped that the records covering run-off, evapora- 
tion, Santa County, which are unusually complete 
and extensive, may some time form the basis for paper before 
this Society, but, owing the lack time for putting those data into 
form, the present discussion will confined principally 
the question rainfall distribution. 

The collection rainfall records was begun December, 1902, 
when rain gauges were located various representative points 
the sq. miles catchment area the Coyote River. Septem- 
ber, 1908, the beginning the rainfall season, 1903-04, addi- 

tional rain gauges were set the Coyote catchment area; the 
Uvas and Llagas Creeks, representing sq. miles catchment area; 
and the Arroyo Honda and Arroyo Valle catchment areas, 
Later, several additional rain gauges were located various 
Points these areas, bringing the number rainfall stations main- 
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Messrs. tained the company more than 100; and with the stations main- 


tained the Weather Bureau, the Southern Pacific Railway, 
Lick Observatory, and few individuals, making total 122 record 
stations within the area 1000 sq. miles shown Plate about 
each sq. miles. Most the company’s records were discon- 
tinued 1905, but some have been brought date and will proba- 
bly continued indefinitely. The periods record the various 
gauges are given Tables 13, which deal with their records and 
the deductions therefrom, treating them groups according their 
location and the similarity their rainfall characteristics those 
certain nearby stations, the longer-period records which were 
ble for use this study. 


cote 


Livermore * 


Westley 
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RAINFALL SANTA CLARA COUNTY) 
CALIFORNIA (Eley.20’) 
REGIONAL MAP SHOWING e 
LOCATION BASE STATIONS 
GROUPS OF RAIN-GAUGES OBSERVED 
BAY CITIES WATER CO. 


Santa Cruz 


The position and extent each group and the relation the 
entire area here considered the larger area covered the 
map are shown Fig. which shows also the relative location the 
stations, the longer-period records which were used deducing 
mean seasonal rainfalls for the stations with short-record periods. 
Upon Plate are shown the location each rain gauge, with its de- 
duced mean seasonal rainfall, and the isohyetose lines based these 
data. The author’s isohyetose lines for this area are copied from his 
map Plate thus presenting ready means comparison 
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the author’s deductions, based data available 1903, and the writ- Messrs. 


ers’ deductions, based later and more complete data now available. 

Because most the area covered these records was uninhabited, 
was not possible obtain daily rainfall readings for many the 
gauges. Daily records were procured, far possible, however, 
locating gauges where they could observed field parties engaged 
stream gauging, surveying, construction, and those few resi- 
dents whose interest could sufficiently aroused. this way ten 
daily records were secured, addition those obtained from other 
observers, such the Weather Bureau, the Southern Pacific Railway, 

Owing the roughness the country and the lack wagon roads, 
together with the number gauges observed and the distances 
‘between them, four mounted observers were constantly employed 
reading gauges, with fifth assistant for part the time. this 
way, under ordinary conditions, each gauge was visited intervals 
about one week. special effort, during periods unusual rainfall, 
was possible reduce the interval days for most the 
gauges, while some few could not reached for periods several 
weeks during long-sustained floods, certain streams were then im- 
passable. Such gauges were provided with large overflow tanks, and 
this way complete records were obtained. 

The rain gauges were the standard type use the 
Weather Bureau, except that they were somewhat smaller, being in. 
diameter. probable that the records are generally slightly be- 
low the true rainfall, owing the evaporation from the gauge dur- 
ing the intervals between readings. This fact best seen com- 
paring the records Gauges and Coyote, which were read 
daily, with the slightly lower records from the large number gauges 
surrounding them, read weekly. The condition was suggested rec- 
ords elsewhere, but the evidence most positive this locality, due 
the many rainfall records observed conjunction with evaporation 
records this neighborhood. has not been considered necessary, 
however, attempt correction the records for loss evaporation, 
because the error introduced slight. 

The main topographic feature the region here considered the 
Santa Clara Valley, broad, fertile plain extending northeast and 
southwest midway the area. Beginning San Francisco Bay, this 
valley about miles width; southeasterly therefrom gradually 
narrows and rises, reaching its least width about mile Coyote, 
and its maximum elevation about 350 ft. near Morgan Hill. Beyond 
Coyote widens again gradually miles Gilroy, while the eleva- 
tion decreases sea level Monterey Bay. The influence these 


changes elevation and width upon the rainfall clearly shown 
Plate 
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The greater precipitation shown the records Coyote and Mor- 
gan Hill, which the author has ignored the construction his 
isohyetose lines, not freak these particular gauges, but the 
logical result existing conditions, the numerous additional records 
here presented clearly demonstrate. Between the Santa Clara Valley 
and the Pacific Ocean the westward lies the Santa Cruz Range, the 
crest which, within the area under consideration, corresponds closely 
the county line shown Plate part the boundary the 
area. This range, reaching elevation about 800 ft., the first 
intercept southwest storms from the ocean, and the rainfall upon 
the greatest within the area. Lying the eastward the Santa 
Clara Valley, and completing the area here considered, the Mount 
Hamilton Range, which reaches maximum elevation more than 
4000 ft. This range consists series ridges, having northwest- 
southeast trend, separated fault valleys paralleling the 
Santa Clara Valley, which also occupies the basin along fault zone. 

will noted reference Plate the rainfall upon this 
range much less than upon the one the westward. This rainfall 
comes for the most part with southeast winds which follow the axis 
the valley from Monterey Bay. the moisture carried eastward from 
the sea the greater portion intercepted the Santa Cruz Range, the 
remainder being precipitated chiefly the higher elevations the 
Mount Hamilton Range. 

The rainfall throughout this territory, the author has pointed 
out, occurs chiefly during seven months each season (November 
May), more than half usually coming during December, January, and 
February. There seldom any precipitation during June, July, and 
August. light fall snow, which melts rapidly, usually occurs dur- 
ing each season the higher elevations the Mount Hamilton Range, 
but only occasionally does snow fall the Santa Cruz Range, and 
very seldom has any fallen the foot-hills either range, the 
valley. consequence the uneven distribution rainfall through 
the season, and the comparatively steep gradients the mountain 
stream beds, the greater part each season’s run-off occurs the 
winter. 

The two mountain ranges differ radically their run-off 
teristics, due doubt the difference the forestation the two 
areas. The Santa Cruz Range, except its highest elevations, where 
chaparral predominates, sustains abundant growth timber, sup- 
ported, probably, its very heavy rainfall. consequence, the flow 
its streams responds less rapidly heavy rainstorms, and remains 
well sustained through the dry season each year. The extent 
forestation the Mount Hamilton Range very much less, for, while 
the cafion bottoms and protected slopes are well covered with trees and 
underbrush, considerable portion the exposed upland sustains only 
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chaparral grass. follows, naturally, that the greater part the Messrs. 
season’s stream flow this range occurs torrents which rise rapidly 
after heavy rainfall, reach their maximum flow within few hours, 

and entirely recede within few days; and also that the summer flow 

almost negligible. The two ranges differ greatly, also, the volume 


run-off from like areas each year, due probably the considerable 
difference rainfall intensity the two districts. 
deducing the mean seasonal rainfalls presented Plate the 
local records were compared with the 58-season record San Fran- 
cisco, that being the only nearby record more than seasons’ length, 
and the longest record this part the State. For many the rain 
gauges, owing their short period record, was necessary make 
this comparison indirectly, comparing the gauge records directly with 
those nearby stations, and through the medium their longer- 
period records, better basis comparision was obtained. deter- 
mine what records use this intermediate capacity, preliminary 
study was made the characteristics rainfall throughout the area. 
This study involved comparison the rainfall various rain 
gauges all parts the area with the rainfall the possible base 
stations, including the comparison the records for each the 
heavier storms well the seasonal totals. The purpose, here, 
the course, was determine, not what base station combination sta- 
tions had the same quantity rainfall the rain gauges involved, but 
ted rather what stations were affected the same storms and had records 
showing approximately constant ratio the gauge record. This 
study gave very good basis for the selection those base stations 
which would afford the most accurate means deduction. 
dur- From this preliminary study and the writers’ personal knowledge 
the distribution storms and the physical conditions influencing 
within the region, the rain gauges were divided into groups 
Group gauges the upper reaches the Coyote River, 
mountains ranging from 1200 800 ft. elevation, the records for 
the which corresponded very closely their rainfall distribution with the 
mean between Gilroy and Lick Observatory records. 
Group gauges the lower reaches the Coyote River, 
the San Felipe catchment area, and the Santa Clara Valley, 
elevation from 1900 down 240 ft., the records which 
show the same laws distribution the mean between the San José 
flow and Gilroy records. 
Group gauges the Santa Cruz Mountains between 
the Santa Clara Valley and the summit the neighborhood Loma 
while 


Prieta, including the catchment areas the Uvas and Llagas Creeks, 
with elevations varying from 300 3800 ft. recorded 
these gauges correspond times the mean the Lick Observatory 
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and Los Gatos other times the mean the Gilroy, Santa 
Cruz, and Los Gatos records, while, for the period record the 
majority the gauges the group the mean records all four 
stations (Lick Observatory, Gilroy, Santa Cruz, and Los Gatos) gives 

very reliable basis deduction. 

Group IV.—Rain gauges the Arroyo Honda catchment area, near 
Mount Hamilton, elevations from 200 600 ft., and the head- 
waters San Felipe Creek 1400 and 200 ft. elevation, the records 
which correspond their seasonal fluctuations with the mean the 
Gilroy, Lick Observatory, and Livermore records. 

Group V.—Gauges the Arroyo Valley catchment area, eleva- 
tions varying from 800 600 ft., for which the best basis deduc- 
tion was found the mean the Gilroy, San José, Livermore, 
Westley, and Lick Observatory records. 

The location the areas containing the groups gauges just 
cited shown the map, Fig. together with the positions and eleva- 
tions the various base stations selected. The conclusions simi- 
larity rainfall variations between the gauges each group and the 
base stations chosen each case will seen find further general 
justification from their relative locations this map. 

Having determined what stations would used intermediate 
base stations, their 58-season mean rainfall was deduced comparing 
their mean seasonal rainfall for their period record with the mean 
seasonal rainfall San Francisco for the same period, and assuming 
that the relation between these means also existed between the 58- 
season means. single record San Francisco rainfall could 
used for this comparison, the only available record extending back 
1849 (that published the Weather Bureau) being composite 
made records kept successively six different points 
The first four these places, having records covering the 
period from 1849 1892, had sufficiently similar rainfall conditions 
warrant their being considered one station; but the last two, with 
records covering the period, 1892-1907, being the roofs high 
buildings, had conditions dissimilar those the first four that 
the use their records the same series with the earlier records 
would give erroneous mean seasonal rainfall for San Francisco and 
false basis for the deduction the mean seasonal rainfall other 
stations, the shorter-period records which are lengthened 
son with the San Francisco record, and means thereby determined. 

of, and the conditions affecting, the reliability the San 
record there published, especially view the very noticeable and 
well- recognized difference between records taken near the ground, 
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and those taken considerable elevation above the ground the Messrs. 
the same locality. The author has called attention the fact that the 
Weather Bureau record published could not used safely, and in- 
ves dicated his method avoiding error due its use. unfortunate 

that was not able publish the composite record used him, to- 
gether with those records which were the basis for it. recent cor- 
respondence with the writers pointed out further the break the 
Weather Bureau record just referred to, and cited full the various 
the records used him forming his composite record, though was 

unable supply copy any these. attempt collect these 

records developed the fact that some them were destroyed the 
The writers, therefore, have deduced continuous, comparable 

San Francisco record different basis from that used the author. 
just The record sought was not one which should necessarily show the true 
leva- 


mean rainfall for San Francisco, but one which would strictly com- 
simi- parable outside records; other words, record which each 
season should bear the correct ratio the mean; such ratio, and not 


neral the absolute record, being importance the basis for lengthening 

outside shorter-period records the 58-season period, and obtaining 
comparable long-time means. has been previously pointed out, the 
aring published Weather Bureau record falls short this requirement 
mean reason the changed conditions governing after 1892. However, 
rainfall records were kept San Francisco Mr. John Pettee, 
under favorable and unchanging conditions, covering seasons prior 
ild 1892 and seasons thereafter; and these records form good basis 
ack for the correction the Weather Bureau record. Fortunately, these 
Pettee records are available permanent form, having been published 
n pal 


the Table Column the Pettee records bore reasonably constant rela- 
tion published Weather Bureau records prior 1892, which 
relation for the entire period, 1865 1892, was 97.2 per cent. Im- 


high mediately following the removal the Weather Bureau gauge the 
that roof the Mills Building, 1892, this relation increased suddenly, 
records and, for the seasons following, averaged 134.4 per cent. The change 
relation is, course, measure the effect change elevation 
other 


and location upon the Weather Bureau record, the Pettee record being 
consistent throughout. 


ned. obtain consistent 58-season record for San Francisco, accept- 
Bulle ing the Weather Bureau rainfall published 1892, record from 
1892 1907 was deduced, therefore, which whole bears the same 
the Pettee records was borne during the 27-year period 
thereto, the rainfall varying the individual seasons with the 
Weather Bureau records. The resulting record made use 


the deductions means elsewhere, given Table together with 
the full data used and the intermediate steps taken. 
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Recorp ror San Francisco, 


RECORDED RAINFALL, INCHES. DEDUCED RAINFALL, INCHES 


Percentage 

period. Pettee Pettee. San Francisco. 
U.S. 


Season.* Total. Season.* Total.| Season.* Total 


Not deduced seasons. 


(assumed 
97.2 


Same Pettee recorded rainfall. 


| 
| 


Same as U. S. W. B. recorded rainfall. 


. 


The season here used from September August, inclusive. 


(2) (3) (4) (5) (6) 
54-55 
66-67 34.92 84.92 
67-68 38.84 88.84 
69-70 19.31 
70-71 14.18 
71-72 30.77 
15.74 
24.64 
20.56 
11.04 
35.17 
78-79 24.46 
26.63 
80-81 
81-82 
82-83 20.12 
83-84 
84-85 18.12 
85-86 31.50 
86-87 18.82 
87-88 
88-89 23.85 
89-90 46.48 101.2 
90-91 17.68 18.74 106.5 17.68 
91-92 18.41 20.18 108.9 18.41 
1865-92 


: 
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(1) (2) (3) (4) (6) 


RECORDED RAINFALL, INCHES. DEDUCED RAINFALL, INCHES, 


Percentage 
United States 
U.S. 
Season.* Total. Season.* Total. Season.* Season.* Total. 
| 
18.45 24.44 132.5 25.51 
95-96 21.37 187.8 29.54 
96-97 23.30 132.6 $2.21 
97-98 9.38 13.83 12.97 
00-01 21.17 27.11 128.1 
1892-1901 176.49 287.19 
05-06 20.61 27.71 28.49 
1892-1907 


The season here used from September August, inclusive. 


The rainfalls shown Column Table are taken from ad- 
vance sheet published the San Francisco office the Weather 
Bureau 1908, the San Francisco rainfall. This record com- 
posite, stated Professor McAdie, under whose direction was 
published, the record kept Mr. Thomas Tennent, maker 
nautical instruments, from 1849 1871, and the Signal Service 
and Weather Bureau records thereafter. These records were 
obtained under similar conditions from 1849 1892. The records from 
1892 1907, however, form series not comparable with the records 
for the earlier period. 

The rainfalls shown Column are taken from Bulletin 
Weather Bureau, and represent record rainfall San Francisco, 
carefully kept Mr. John Pettee single guage, near the ground, 
under unchanging conditions. 

The percentages Column showing the relations between sea- 
sonal rainfalls the continuous and the discontinuous record, clearly 
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Messrs. illustrate the break 1892 the Weather Bureau record, and indicate 


and Toll. 


means deducing continuous record for the entire period from 1849 
1907. 

Column shows the Pettee lengthened cover the seasons 
the use two assumptions: (1) That the Pettee record would have 
shown the same relation the Weather Bureau record from 1849 
1865 which did show for the period, 1865-1892; (2) That for the 
seasons, 1901-02 1906-07, the Pettee record bore the Weather 
Bureau record the relation shown for the period 1892-1901. 
Column 4.) 

Column shows the deduced San Francisco record. This the 
same the Weather Bureau record Column from 1849 
1892. The rainfall from 1892 1907 deduced the assumption 


that the deduced Pettee rainfall Column bears the same relation 


the deduced San Francisco rainfall for the period 1892-1907 
bears for the period, 1849-1892 (97.2%). Since this deduced 
rainfall 134.4% the Weather Bureau recorded rainfall for 
the later period, follows that the relation between the deduced con- 
tinuous San Francisco rainfall and the recorded Weather Bureau 
rainfall for the period, 1892-1907, 97.2 188.3 per cent. 
This percentage relation applied each season’s record from 1892-93 
1906-07, given Column obtain that given Column 

understood from Mr. Grunsky’s paper, the San Francisco record 
used him was average all available records for each season, the 
number records varying from season season, some cases being 
but one and others many five. believed that, for the end 
sought, the method followed the writers more logical, though pos- 
sibly less representative the mean rainfall San Francisco. 

The mean seasonal rainfall for each locality, given Plate 
was deduced, the same manner for base stations, comparing 
the total recorded rainfall the gauge with the total for the same 
period shown the mean the base stations used. was thought 
best not determine and compare short-period means, but, instead, 
make the comparisons totals this case, since two sets frac- 
tional seasons were used, namely: (1) January August, 1903, in- 
clusive, for gauges having readings which were begun December, 
1902, and (2) September, 1907, March, 1908, inclusive, for gauges 
having records which were available the latter date. The stations 
having long-period records which were here used the basis deduc- 
tion are given Table together with the period and length each 
record and the steps taken deducing the 58-season mean from the 
record San Francisco. Tables are given the records for 
gauges Groups respectively. These tables contain also the 
elevations each gauge (obtained most cases repeated aneroid 
readings and hence fairly reliable), the number seasons record, 
and the steps taken deducing each long-period mean, has just 
explained. 
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and Toll. 
Using San Record Basis. 
(1) (2) (4) (5) (6) 
MEAN SEASONAL 
RAINFALL FOR PERIOD Per- Deduced 
station. San Francisco. 
yn- 7 4 
Group 1-19. 
Using Mean Gilroy and Lick Observatory Records Basis. 
the 
(1) (2) (3) (4) (5) (6) 
end 
pos- RECORDED 
AINFALL FOR 


been 
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Group II; 20-51. 
Using Mean Gilroy and San José Records Basis. 


(3) (4) (5) (6) (7) 


(1) (2) 
RECORDED 
AINFALL FOR 
iod RECORD, 


21 . 


36 2 34,44 84.97 98.5 16.6 


Gauge 17, using mean San and Los Gatos records basis. 


Having located all the available rainfall record stations Plate 
the isohyetose lines were drawn the manner described the 
author, giving due weight each record accordance with its length 
and the influence its known location upon its value representa- 
tive record. may noted that very few instances are the local 
records great variance with the isohyetose lines drawn. The most 
notable instance such disagreement Gauge No. the Upper 
Coyote, surrounded gauges showing means varying from 
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in., and yet giving its record only 15.6 in. 


This difference not Messrs. 


due any misreading the gauge, for the record consistently bears 
about the same ratio records neighboring gauges for every storm, 
and reason apparent for its disagreement. Other examples dis- 
agreement are Gauge No. and Gauge No. 51, the latter located 
Tennent. The Tennent gauge has been given considerable weight 
account its longer record, though seemingly much too low, and 
nothing known the writers concerning the care with which was 
located observed. 


Group III; 52-78. 


Using Mean Gilroy, Lick Observatory, Santa Cruz, and Los 
Gatos Records Basis. 


Gauge No. 
(with 
approximate 
elevation). 


(360) 
(535) 


(640) 
(470) 
(460) 
(580) 
(340) 


= 


(620) 


(965) 
(660) 
(732) 

730) 


190) 


(980) 


(2) 
Period record. 

Sep. 
“ 2 
“ 2 “ 
ge 2 
“ 2 
2 “ 
“ “ 2 
“ “ 2 “ 
“ 2 
te “ 2 
“ “ 2 “ 
2 
2 “ 
“ “ 2 oe 
2 “ 
“ 2 
“ 2 
“ st 2 “ 
Sep. 


| 
RECORDED 
|RAINFALL FOR 


RIOD GAUGE 


INCHES. 
Mean 
base 
gauge. 
| 
277.64 
125.45 115.77 
60.40 
55.72 
95.50 
58.32 
27.70 
46.57 
888.94 474.26 
176.60 107.71 
152.66 


MEAN, 
INCHEs. 

Dm 

| ~ 

26.95 25.9 
28.7 
21.7 
86.4 
27.9 
18.9 
25.7 
22.2 
36.8 
28.1 
53.5 
21.0 
22.6 
22.4 
35.5 
40.5 
89.1 
34.5 
21.5 
81.0 
22.1 
44.2 


study the isohyetose lines Plate will show how greatly 


the topography affects the distribution rainfall. The effect the 
gradual rise the valley floor toward Morgan Hill has been referred 


and Toll. 
lg 
—— 
the 
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to, and attention called the variations the lines equal rain- 


and Toll. 


fall caused the ridge extending northeasterly from Loma Prieta, 
the variation being more accentuated the influence the Uvas 
Creek paralleling the ridge the south. may noted, fur- 
ther, that the series fault the Mount Hamilton Range have 
decidedly influenced the distribution rainfall that region. These 
effects the topography are not only shown the records here pre- 
sented, but are known the inhabitants the region, and have been 
recognized the writers from general observations extending through 
several years. 


Group IV; 79-97. 


Using Mean Gilroy, Lick Observatory, and Livermore Records 
Basis. 


(3) (4) (5) 


RECORDED 

RAINFALL FOR 

RECORD, INCHES. 


Period INCHES. 
record. 
ase gauge 


Relation: 
Col. 


Sep. 


“ 

“ 


“ 


comparing the isohyetose lines drawn the writers with those 
given the author (also shown Plate will noted that three 
general differences exist: 


1.—The writers’ 15-in. and 20-in. lines not cross the valley 
summit between San José and Gilroy, gap more than 
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miles intervening between the two 15-in. lines the Messrs. 


valley. and Toll. 
2.—The writers show mean seasonal rainfall more than 

in. the crest the Santa Cruz Range, compared with 

the author’s maximum in. 

3.—The rainfall indicated the local records falls off quan- 

tity much more rapidly the northeast Mount Ham- 

ilton (Lick Observatory) than shown the author’s lines. 


Group 98-116. 


Using Mean Gilroy, San José, Livermore, Westley, and Lick 
Observatory Records Basis. 


| | 
RECORDED 
record 
26.7 
19.5 
The minor disagreements between many the isohyetose lines 
the writers and the author are due, course, the greater number 
those data available the former, and worthy notice that the ad- 
three 


dition more than 100 records within this area has made few 
changes, and has nearly confirmed the lines the author. The 
general effect the changes made show greater mean seasonal 
for the Santa Clara Valley and the Santa Cruz Mountains 


¢ 
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Messrs. Haehl the westward, and less rainfall for most the Mount Hamilton 
and Toll. 
Range the eastward. 
The correctness the location the 15-in. lines just east San 
José, and the extreme northeasterly portion the area shown 
Plate still comparatively uncertain from lack adequate data 
fixing these lines. regretted that rainfall records (so far 
known the writers, least) have been kept these localities. 
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PAPERS AND DISCUSSIONS 


This Society not responsible, body, for the facts and opinions advanced 
any its publications. 


THE MAINTENANCE MACADAM AND OTHER 
ROADS. 


Informal Discussion the Annual Convention, June 25th, 1908.* 


Assoc. Am. Soc. E.—Although the Mr. Blanchard. 
subject this discussion covers the maintenance various 
surfaces built the country districts, and hence includes earth, gravel, 
and macadam roads, this introductory discussion will devoted ex- 
clusively the surface construction and the maintenance macadam 

subjected modern traffic. 

Five years ago the highway engineer had contend with the 
action the elements, poor foundations, narrow tires, heavy loads, 
and road material deficient either resistance abrasion, hard- 
ness, toughness, cementing properties. Since then the nature 
the traffic which macadam roads have been subjected has changed 
materially. The advent the swiftly-moving motor car has necessi- 
tated readjustment methods, both construction and maintenance. 
maintenance macadam roads, from the standpoints economics 
and efficiency, advisable consider classification suburban 

country roads, especially those States which large per- 
centage the main highways used motorists. Otherwise, that 
important and fundamental problem, the adaptation macadam 
modern traffic, will lost sight the discussion 


discussion, had the Convention, will published subsequently and 
written discussions are invited. 
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various methods experimented with for the allaying dust and the 
preservation highways. 

practicable recognize classes highways existing 
outside the city limits, the classification being based the amount 
and character the traffic which the roads are subjected. Naturally, 
these classes merge into and overlap each other many cases, but 
the classification will suffice basis for comparison. The first 
class includes interstate trunk lines, interurban trunk lines, and 
popular routes travel. The second class includes intrastate trunk 
lines passing through towns, the highways connecting towns situated 
within few miles each other, and secondary streets towns. The 
third class includes feeders leading towns, and highways the first 
and second classes from sparsely-populated parts the country dis- 
tricts, highways connecting towns which are many miles apart, cross- 
roads, and transverse feeders towns. 

Highways the first class will undoubtedly subjected the 
heaviest motor-car traffic, although not necessarily the heaviest com- 
mercial traffic. Highways the second class will probably carry heavy 
commercial traffic and limited amount motor-car traffic. The 
third class highways will usually subjected, amount, least, 


the ordinary country highway traffic. The maintenance 


ways the third class, which are constructed either earth, gravel, 
broken stone, will not considered, intended devote 
this discussion the maintenance those highways the first and 
second classes which, being subjected more less heavy motor- 
traffic and augmented commercial traffic, demand entirely 
different method maintenance, and many cases modified con- 
struction the broken stone surface. many macadam streets and 
park drives within the limits municipalities are subjected the 
same kind and amount traffic highways the first and second 
classes, the methods maintenance will similar. The amount 


traffic and the speed attained motor cars are two the most 


important factors considered the discussion methods for 
maintaining highways the first and second classes. 

The problem before the highway engineer determine what type 
road surface for highways the first and second classes will 
most economical from the standpoints first cost, maintenance, and 
cost renewal, and best adapted the traffic which subjected. 
considering methods construction and maintenance, 
given mode procedure. Unfortunately, this point view has 
lost sight many who are responsible for the maintenance 
urban, suburban, and even country highways. The distinction 
the use various materials palliatives and dust layers, and the 
use the same materials component parts more permanent 
struction exceedingly important. 
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States proceeding from the simple the complex, the common 
remedy for road from which the binder has been removed supply 
the deficiency spreading efficient binding material such sand, 
gravel, broken-stone screenings over the middle the road and 
allowing traffic work the binder into the interstices the top 
course. This method usually effective, but not efficacious for high- 
ways the first class subjected excessive motor-car traffic. Strenu- 
ous objection naturally made this mode -procedure the resi- 
dents adjacent the highway, the dust nuisance considerably 
increased. 

order simplicity, the methods retaining the dust and 
thus aiding the preservation the surface should next men- 
tioned. Almost everywhere, the following methods have been used 
primarily allay the dust, although some cases they have been 
used for strictly maintenance purposes. Among the methods used 
the United States alleviate the dust nuisance may mentioned, 
sprinkling the surface with fresh water, salt water, solution 
chloride, oils with paraffin base, oils with asphaltic base, 


oil tar, oil emulsion, Westrumite, Dustoline, Asphaltoline, Tarra- 
igh- colio, and deliquescent salts. The methods painting spraying 
the surface with various coal-tar, asphalt, and cement mixtures have 
vote been used, both for the preservation the surface and the elimination 


dust. The details the methods using the materials mentioned 
will not considered this introductory discussion, except rela- 
tion experimental work Rhode Island. hoped that the 
practice other States will presented highway engineers who 
are conversant with maintenance work the districts which they 

Thus far, the methods constructing more permanent macadam 
roads have been limited the use coal-tar its preparations, 
liquid and rock asphalt, and cement binding materials. Bituminous 
macadam pavements, which the modern bitulithic example, 
were first laid America about 1840. The cost these pavements 
prohibits their use except the streets cities and important suburbs. 
Two fundamental methods have been used the construction 
bituminous macadam applicable country roads. First, incor- 
the binding material with the broken stone mixing hand 
machinery, and second, form the macadam surface, loose 
tolled the case may be, and distribute the binding material 
dippers machines over the broken stone, allowing the fluid pene- 
trate the upper course. 

The reconstruction macadam roads has been accomplished 
loosening the surface with the picks road roller, the use 
and afterward impregnating the broken stone with 


Considering the modern methods maintenance used the United Mr. Blanchard. 
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Mr. Blanchard. coal-tar preparation, with liquid asphalt, heavy oil. 
case re-surfacing necessary, the same method followed, except 
that practice differs whether not the new material should 
shaped light before the application the bituminous 
binder. 

The engineers France and England have been studying the 
problem the adaptation macadam roads modern for the 
past five years, and hence have advanced along some lines research 
farther than American engineers. Although many patented solutions 
have been tried France and England, most engineers favor the use 
bituminous binder some form integral part new 
construction and palliative old macadam roads. The methods, 
however, vary considerable degree. both countries the intro- 
duction various tar-spreading machines has materially increased 
the efficiency the tar-painting method and reduced the cost apply- 
ing the tar. The Laissailly machine, used France, typical 
machines used both countries. consists mounted tank con- 
taining the tar, which heated system piping through which 
steam passes. From tank the rear the vehicle, which serves 
reservoir, the tar flows gravitation out series holes, 
and distributed automatic brushes attached the body the 
vehicle. Devices for applying the tar under pressure form integral 
parts other machines, with which claimed that uniform 
penetration from in. can secured. 

addition the mixing and penetration methods construct- 
ing tar-macadam roads, English engineers are using the 
system modifications this method. This system consists 
spreading the No. course, after rolling, mixture tar and 
No. stone, which continually rolled with light-weight roller 
until the tar mixture has been drawn into the interstices the 
No. course. The surface then sealed painting with tar, after 
which thin coat fine screenings spread and rolled. the 
struction all kinds tar-macadam, careful attention paid the 
quality the material used, particularly with reference the tar 
absorbing power the material. The experience English engi- 
neers that iron slag, the basis Tarmac, stands first this respect, 
limestone next, and granite last. 

The primary object the experimental work undertaken Rhode 
Island has been the determination the most economical and efficient 
method securing the preservation the macadam surface. 

the fall 1906 section tar-macadam, 350 ft. length, 
was built Charlestown, the location being curve the inter 
state trunk line connecting New York, Narragansett Pier, Providence, 
and Boston. With the exception the addition the tar, the method 
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construction was similar that used building ordinary Blanchard. 
macadam road. After the sub-grade had been thoroughly rolled, the 

No. broken stone, varying size from in. longest 
dimension, was spread depth in. and rolled in. Tar, 
which had been heated the boiling point ordinary tar kettle, 

was then sprinkled the rolled surface using dippers. The No. 
stone, varying size from in. in. longest dimension, was 
next deposited dumping boards and thoroughly mixed with hot 

tar using rakes and shovels until every stone was completely coated. 

This mixture was applied the No. course depth in. 

and, after the tar had set, was rolled in. thin coat dust, 


which would pass through mesh was then spread the surface 
and forced rolling into the No. course fill the voids and 
sed provide smooth surface. The quantity tar used was 1.25 gal. 
per sq. yd. this stretch tar-macadam proved efficacious, was 
deemed advisable, 1907, construct experimental mile, this 
section being the same interstate trunk line the curve just 
mentioned. Although will require from years determine 
the economical status and the efficiency the tar-macadam road con- 
structed the method outlined, the perfect state the surface 
the the 1906 and 1907 sections the spring 1908 influenced the State 
gral engineers advocate the adoption this method construction 

highways the first class subjected excessive motor-car traffic. 
The sections thus far contracted for 1908 include: First, two 
sections aggregating 11300 ft., ft. width, the interstate 
trunk line between Saunderstown and Narragansett Pier, which 
subjected all the motor-car traffic between the Pier and Newport, 
and and Boston, and the heavy touring-car traffic between 
New York City and Newport; and second, ft., averaging ft. 
width, interstate trunk line East Providence, which 
the heavy motor-car traffic and also abnormal commercial 
after one the sections the district Narragansett the 
State engineers experimented with various bituminous mixtures used 
the different methods construction, the object being determine the 
efficient binder and the most economical method construction 
would adaptable modern traffic. The original plan was 
build, each method, 300-ft section, ft. width, but the 
certain methods with the tools hand necessi- 
Rhode modification this plan. The experimental work was started 
1300 ft. tar-macadam had been constructed accordance with 
the method used 1906 and 1907. Table descriptive statement 

the various sections. 

the following statements, covering details and cost data the 
idence, sections, hoped that sufficient information will given 


method 
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Mr. enable engineers use the results these tests intelligently. 


has been characteristic many descriptive articles dealing with 
maintenance work that-the data necessary render the results ac- 
quired valuable others have been lacking. Although the ideal 
the following points, for example, could covered description 
methods construction tar-macadam: Class highway which 
the road belongs, and nature traffic; length and width road; 
nature sub-grade; location the road relative the nearest rail- 
road station and source material; maximum and mean grade 
road; kind and size broken stone composing the surface; months 
during which road was constructed; maximum, minimum, and mean 
atmospheric temperature; details construction; source and analysis 
binding material; quantity binder per square yard; average rate 
progress per day, square yards; specifications covering heating 
and application the binder, climatic conditions, cost per 
square yard, over and above the cost ordinary macadam, covering 
labor, material, accessories, etc. 


TABLE 


Number of| Length 
section. feet. Material. Method, ete. 


Tar-macadam. Mixing method, with tar omitted from 
surface No. course. 
Penetration method. 
Tar-macadam. Gladwell system. 
Tar-macadam. Mixing method. 
Tar-pitch-macadam. Mixing method, with chips added No, 
mixture. 
Tar-pitch-macadam. Mixing method. 
Tar-macadam. Mixing method. 
Tar-asphalt-macadam. |Mixing method. 
Tar-asphalt-macadam. method, with bituminous mixture 
omitted from No. course. 
Aspbalt-macadam. method. 
|Mixing methoa, without bituminous mix- 
ture surface No. course. 
|Mixing method. 
Tarvia-macadam. Mixing method. 
Mixing method, with Tarvia omitted 
from No. course. 


COR 


The roadbed selected for the experimental work was long 
tangent, the sub-grade being uniformly built 1-ft. fill, and the 
grade only varying from minimum 0.08% maximum 
0.76 per cent. The broken stone used was the same character 
throughout, consisting local stone composed 
granite and hornblende schist the same size that used the 1906 
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and 1907 sections. The experimental work was all done the month Mr. Blanchard. 
May. The temperature while the work was progress varied 
from 90°, the average being degrees. The tar used was 
produced the Providence Gas Works, and cost, Providence, 
$2.75 per bbl. The freight from Providence South Ferry, dis- 
tance miles, distributed over three lines, was $0.62 per bbl. 
The cost the haul from the South Ferry station the road, averag- 
ing 2000 ft., was $0.13 per bbl. The barrels cost $0.75 each, which, 
minus the haul and the freight Providence, would refunded 
the gas company upon return the barrels. The net rebate was 
$0.56 per bbl. The total cost the tar, therefore, was $3.70 per bbl. 
The produced the Providence Gas-Works characteristic 
gas-house coal-tars produced elsewhere, that the percentage 
water, ammoniacal liquor, light volatile oils and heavy oils vari- 
able quantity. order determine various facts, including the 
range variation, samples, taken directly from the tanks the gas- 
works various times, were analyzed. Table shows the important 
results the analyses. The percentage volatile matter 120° 
after heating from hours represents the percentage which might 
lost from the tarred surface road during summer seasons. The 
results the column headed “Solid matter, grains per gallon,” 
were obtained digesting portion the sample with equal 
volume water. The object this analysis was determine the 
quantity matter which might washed from the surface 


road heavy rain. The average specific gravity the tar was 
about 1.26. 


TABLE ANALYSES. 


Date. volatile matter volatile matter matter, 
ixture 120 degrees. 260 degrees. grains per gallon. 
Nov. 20, 1907... 10.6 30.7 46.7 
Jan, 21, 1908 7.2 19.4 5.8 
19, 1908 5.8 16.2 2.9 
Feb. 26, 1998 4.7 15.3 8.6 
18, 1908 13.3 2.8 
Mar, 24, 1908, 3.9 
22, 1908, 18.4 29.9 116.4 
Apr. 29, 8.0 19.0 5.8 
May 27, 1908 8.1 


order determine the time required drive off sufficient 
the light volatile constituents render the tar satis- 
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Mr. Blanchard. factory for road work, sample the tar was heated for certain 
definite periods, the result which was follows: 
end period. 
Loss 120° after heating hr. 3.6 3.6 

6“ 66 3 0.7 6.4 

74 74 5 0.5 7.6 

“e ‘74 6 74 0.5 8.1 


many failures tar-macadam have resulted from the use 
tar containing large percentage light volatile constituents, the 


State engineers, taking into consideration the foregoing analysis, have the 
decided require that all tar, before application, heated for 
hours temperature not less than 150° fahr., the maximum 
required that all water shall removed from the surface the 
tar the kettle before heating. From one barrel used the Narra- 
gansett section more than gal. water were removed. 
The pitch cost, Providence, $3.00 per bbl. gal. The 
freight from Providence South Ferry cost $0.27 and the haul, 
averaging 2000 ft., cost $0.10 per bbl., making the total cost $3.37 
per bbl. The pitch used was medium hard, having melting point 
105 110° fahr., and specific gravity 1.25. The volatilization 
analysis gave the following percentage results: 
Additional loss 1.73 
Texas asphalt was used. was purchased from the Texas 
Company, and cost, delivered South Ferry, $21.50 per ton 
250 gal. The cost the haul from the station the road, average 
distance ft., was $0.10 per bbl. gal. Therefore, the cost 
the asphalt the road was $0.09 per gal. This asphaltic product 
listed the Texas Company Texaco Asphalt, Grade Analysis 
yields practically volatile matter 260° fahr., melting point 
140° fahr., and only 8.8 gr. per gal. water solution. 
The Tarvia was purchased from the Barrett Manufacturing Com- 


pany, and cost, Boston, Mass., $3.25 per bbl. The freight 


origi 
‘ 


original application 1.25 gal. being thus increased 1.87 gal. The 
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South Ferry, distance miles, over three lines, was $1.26 per 
barrels cost $0.75 each. The rebate allowed was $0.65, which, 

minus the cost haul, and return freight $0.30 per bbl., made 

net rebate per bbl. The cost the haul the road, 

average distance 1000 ft., was $0.11 per bbl. The total cost was 

$5.02 per bbl. 


The results the analysis Tarvia were follows: 


Having considered the cost and analyses the materials used, 
the cost and details the construction various methods will 
given. 

The tar-macadam constructed the mixing method required the 
services two tar men $1.75 per day hours, and three common 
laborers $1.50 per day, addition the force usually employed 
the No. course. The cost the labor, based average rate 
progress 233 sq. yd. per day, was $0.035 per sq. yd. The cost 
accessories, which would include rent, interest and depreciation, 
tar kettles, dippers, and cost fuel, was $0.005 per sq. yd. The 
saving not using watering cart, $4.00 per day, was $0.013 per 
sq. yd. The cost the tar, 1.25 gal. per sq. yd., was $0.093. The 
total the tar-macadam, excess the ordinary macadam, 
was $0.12 per sq. yd. 

The difference cost the tar-macadam without the the 
No. course and with that tar (about gal. per sq. yd.) spread 
the No. was not appreciable. believed that the painting 
the No. course not necessary. common with all methods 
construction, with the single exception the Gladwell system, 
order secure maximum penetration the broken 
stone the tar, and adequate incorporation the tar the macadam, 
allow the No. course remain without rolling and sanding for 
from days, depending the climatic conditions. was found 
inadvisable roll the tarred surface during the warm part 
the day, there was tendency for the No. course shift the 
tar were soft. 

the construction the tar-macadam the penetration method, 
the tar was spread over the surface dippers. This method was very 
unsatisfactory, unequal application being the result. order 
procure efficient more tar was applied patching, the 
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penetration secured varied from in. in. this method 
used, pouring pots with fan-shaped spouts, fan-nozzle connected 
with hose from tank-wagon, should used, preferably 
spreading machine similar the Laissailly Aiken. Even with 
machine the most approved type, and with the stone heated either 
before after deposition, doubtful the tar-macadam surface 
thus constructed would uniformly bound together when laid 
‘by the mixing method. The average rate progress this section 
389 sq. yd. per day. The cost the labor (which consisted 
‘two tar men and one common laborer) was $0.013 per sq. yd. The 
tar cost $0.138 per sq. yd. Adding the cost accessories and deducting 
the rebate due not watering, the total cost was per sq. yd. 

the construction tar-macadam the Gladwell system, the 
bituminous mastic, consisting tar and stone chips varying size 
from in. their longest dimensions, was mixed regular 
mortar box. This mixture was spread depth in., and the 
No. course was then laid upon it. coating tar was spread 
the surface, and, after screenings had been applied, the section was 
thoroughly rolled. The upward penetration the tar was not meas- 
urable, and the surface coat did not penetrate more than in. 
order procure satisfactory results, will necessary have the 
No. course thoroughly compacted hold semi-fluid mixture; 
the stone composing the No. course should larger than that 
generally used, and should well heated, and, finally, will 
necessary use light asphalt roller order draw the fluid 
mixture gradually the surface, and not attempt crush the No. 
course into the binder. Under circumstances believed that 
the method will prove efficacious economical either the mixing 
penetration methods construction. The rate progress this 
class work was slow, and would average 156 sq. yd. per day. The 
labor item was high, two tar men and four common laborers being 
required, making the labor cost $0.06 per sq. yd. The tar, gal. 
per sq. yd. the mastic and 1.25 gal. the surface, cost $0.167 per 
sq. yd. Adding the cost the accessories and deducting the cost 
watering gives total cost $0.22 per sq. yd. 

Tar-pitch-macadam was constructed with and without using chips 
mixed with the No. course. With hand-mixing, the omission the 
chips preferred, the tarred chips have tendency coagulate, 
hence preventing uniform mixture. The pitch and tar were used 
the proportion The resulting surface was and 
could naturally rolled and finished more expeditiously than 
macadam. Under certain circumstances, for instance, road 
subjected more less traffic during construction, this desideratum 
would great advantage. the other hand, the proportion 
heavy oils less than when only tar used, thus reducing the elas- 


ch: 
cost 
the 
r 
ing 
surf 
but, 
cars, 
first 


DISCUSSION MAINTENANCE ROADS 671 


weather. The rate progress and the cost labor were the same 
for tar-macadam constructed the mixing method. The total 
cost was $0.142 per sq. yd., including $0.035 for labor, $0.079 for 1.07 
gal. tar, $0.036 for 0.32 gal. pitch, and the usual accessories 
charge and watering rebate. 

the construction the tar-asphalt-macadam, 50% tar and 50% 
asphalt were used, 0.625 gal. each per sq. yd. The resulting 
road was ideal, from the standpoint construction and finished 
product. daily average 233 sq. yd. was built, making the labor 
item per sq. yd. The tar cost $0.047 per sq. yd., and the 
asphalt $0.056 per sq. The total cost, including the accessories 
charge $0.008 per sq. yd., and deducting the cost watering, was 
per sq. yd. 

The asphalt-macadam, considered from economical standpoint, 
was not successful. The primary difficulty was that was impossible 
obtain thorough mixture the asphalt and the stone, coagulation 
taking place once. The resulting surface was entirely satisfactory, and 
could probably built economically using suitable mixing machine 
and heating the stone. The labor and material items this work 
were excessive, the cost labor being $0.083 per sq. yd., while the 
cost the 3.59 gal. asphalt used per square yard was $0.323. The 
average rate progress per day was only 117 sq. yd. The accessories 
charge was $0.008, and the watering rebate $0.013, making total 
cost $0.401 per sq. yd. 

The Tarvia-macadam constructed the mixing method appeared 
fac-simile the tar-macadam made with tar distilled for 
hours the road. believed that primarily question 
whether preferable take gas-house coal-tar direct 
from the works and distil the road, purchase distilled coal-tar, 
the form Tarvia, for example. should borne mind, also, 
that tar distilled permanent works will give more uniform product. 
The rate progress was the same with tar-macadam, hence all 
cost items were identical, with the exception the cost 1.25 gal. 
Tarvia used per square yard which was $0.124. The total cost 
the Tarvia-macadam, therefore, was $0.151 per sq. yd. 

The preservation the surface existing macadam roads has been 
Rhode Island using the tar-painting method, and 
the use various oils palliatives. One application the tar paint- 
ing has been used successfully the preservation the macadam 
surface for two years hill having maximum grade 7.28%, 
but, where has been used roads subjected high-speeding motor- 
cars, parts the coat tar have invariably peeled off during the 
season. town road Peace Dale, painted with hot Tarvia 
the usual method August, 1907, barely 60% the tar coat was 


ticity the surface and increasing the danger cracking cold Mr. 
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intact March, 1908. The experience France, England, and 
America with the tar-painting method has led many the rational 
conclusion not effective for macadam roads subjected even 
normal motor-car traffic high speeding allowable. 

Although the method has not yet been used Rhode Island, the 
speaker believes that the most satisfactory and economical treatment 
existing macadam roads tear the surface depth 
from in. with scarifier, re-shape the surface, and then rebuild 
tar-macadam road, using the penetration method construction. 
1908 work Rhode Island the cost scarifying was $0.007 per 
sq. yd. The cost re-shaping, without the addition new road 
metal, would about $0.005 per sq. yd.; hence the total cost, based 
the cost the penetration method used the Narragansett Road, 
would $0.105 per sq. yd. tar-spreading machine were used, the 
cost, without doubt, would reduced from per cent. 

The oil products used the highways Rhode Island include 
Dustoline, petroleum residuum, Ragland crude oil, petroleum fuel oil, 
and Texas asphaltic road oil. The average cost oiling roads 
Rhode Island, using about gal. per sq. yd., has been approximately 
$0.01 per sq. yd. would indicate that oiled roads, effi- 
cient, should treated least three times during season eight 
months. 

The speaker’s conclusions, based the maintenance work has 
outlined, and the experience French, English, and American engi- 
neers, are: First, that highways subjected heavy high-speed motor- 
ear traffic should built with bituminous macadam surface con- 
structed the mixing method; second, that existing macadam roads 
subjected similar traffic should reconstructed bituminous 
macadam roads using the penetration method, or, re-surfacing with 
new road metal required, using the mixing method; and third, 
that the economical and efficient treatment macadam roads sub- 
jected moderate amount motor-car traffic present matter 
conjecture, requiring for elucidation the acquisition reliable 
detailed information with reference the use the various pallia- 
tives now the market. 


Mr. Rablin. Joun Esq.*—The roads built the Metropolitan Park 
Commission Massachusetts have been constructed from time 
time between 1897 and the present, that none more than years 
old. traffic excluded from them, and only light pleasure 
travel allowed. Under these conditions, and with ordinary care, these 
roads would have been expected require extensive repairs 
the present, and they were generally excellent condition the 
spring 1906. 


Engineer, Metropolitan Park Commission, Boston, Mass. 
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about that time the increasing use the automobile became Mr. Rablin. 
noticeable, and July, 1906, these roads began show the effects 

this traffic. The macadam roads were stripped their top sur- 

faces, leaving the stone the base entirely bare, and with binder 

hold it, the stone loosened, and the macadam began break up. 

Investigation was once begun find method protecting the 
surfaces, and was decided treat, with specially prepared coal- 
tar, portions the roads showing the greatest damage. Consequently, 
August and September, 1906, miles, 70000 sq. yd., 
macadam roadway were treated with this material, experiment. 

The process treatment was: First, all loose material was cleaned 
from the surface sweeping with street sweepers and push-brooms, 
that the tar might penetrate properly. The tar was flowed 
upon the surface from tank wagons, which was brought from the 
works, temperature about 200° fahr. was spread with push- 
brooms, and allowed set from hours before covering. Stone 
screenings were then spread over the tarred surface such quantities 
were required absorb the surplus tar which had not penetrated 
the macadam, and the road was then rolled once twice, and was 
immediately opened travel. 

The cost the work done 1906, including all labor and material, 
averaged cents per sq. yd. 

The results the treatment, during the remainder the year, 
were excellent, new surface having been provided which could not 
removed the automobile travel, and the road was rendered 
practically dustless and entirely free from mud. sprinkling with 
water was necessary. 

This work passed through very severe winter and, except small 
section which the sub-grade was poor, was very good condition 
the spring 1907. 

July and August, 1907, was necessary re-treat about one- 
half the miles treated 1906, and patch the other half. The 
average cost maintenance the whole miles roadway, for 
1907, was cents per sq. yd. other repairs sprinkling with 
water were necessary during the year. 

During 1907, addition the maintenance the work laid 
1906, various pieces road, aggregating about 90000 sq. yd. road- 
way surface, were treated with this same material, average cost 
7.3 cents per sq. yd. 

the present time, June, 1908, work progress repairs and 
re-treatment the surfaces previously treated, and seems evident 
that will necessary practically re-treat once each year order 
maintain this work good condition. Compared with the cost 
the roadway with macadam, this cost small, and the 
benefits are considerably greater. 
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From observation appears that the durability this treatment 
much greater and its life longer steep grades and roads with 
good, well-drained sub-grade. 

Generally, results the treatment the parkway roads with 
this material have been satisfactory, and has been very effective the 
preservation their surfaces and making them practically dustless 
and free from mud. The treated surface has appearance similar 
tar-concrete, but not smooth. odor apparent after the 
material has been the road few hours, and what little there 
the time application not all disagreeable. 

Various experiments were also made 1907 the use oil 
the parkway roads. About mile gravel-surfaced road and mile 
macadam-surfaced road were treated with product crude asphalt 
oil, from which the naphtha and other volatile substances had been 
removed, leaving the heavy base material the oil with sufficient 
petrolene make fluid. This material was applied the roads, 
without heating, and was allowed from days for its proper pene- 
tration. Where surplus oil collected any slight depressions ruts 
the road, enough sand gravel was used absorb it. 

This treatment requires road particularly good condition, 
either new newly re-surfaced, and very little cleaning necessary, 
only the removal loose dust. 

These roads were treated with the oil June, 1907, and have 
remained excellent condition the present time, period about 
year. With some slight re-touching, and patching with the same 
material, arrangements for which are now being made, expected 
that these sections roadway will remain good condition for 
another year before requiring entire re-treatment. 

The cost this work was cents per sq. yd. for the material and 
its application, and the cost maintenance for this year will probably 
less than one-half that amount. 

has proved effective treatment for both macadam and gravel- 
surfaced roads, and arrangements have been made for the treatment 
about miles, sq. yd. additional. 

1907, about miles, sq. yd., macadam and gravel- 
surfaced parkway roads were treated with mixture water-gas tar 
and oil similar that above described. This mixture was made 
varying proportions from bbl. oil and bbl. water-gas tar, 
oil and water-gas tar. The greater the proportion oil 
used, the longer the durability the treatment. 

This treatment dust layer, but not particularly effective 
the preservation bonding the road surfaces. is, nevertheless, 
good and economical treatment for gravel road surfaces where the 
bonding effects are not necessary upon macadam. most 
deserving consideration account its cost, which from 
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cents per sq. yd., and one treatment practically effective for laying mr. 
the dust for whole season from May November. 

One other experiment being tried the present time, and that 
the use, macadam road surfaces which are fairly good condi- 
tion, mixture water-gas tar and coal-tar about equal parts. 
The use water-gas tar this and the previously described mixture, 
with oil, for the purpose diluting the heavier and more expensive 
material, and thereby reducing the cost per square yard for treatment, 
and also account its penetrating power. cleaning neces- 
sary for this latter treatment, except where excessive amount 
loose material may have collected upon the sides the roadway. One 
two days after application the surface sanded lightly and the 
road opened travel. The cost this treatment about cents 
per sq. yd. 

appears giving excellent results, and will doubtless prove 
very worthy consideration for the preservation roads which are 
fairly good condition. 

has become absolutely necessary adopt some one the various 
forms treatment maintain macadam and other roads fair 
condition where they are subjected heavy automobile travel, and, 
although there are doubtless other, and possibly better, methods, those 
herein described have been proved have considerable merit, particu- 
larly applied the road conditions which they are best adapted. 


Louis Am. Soc. (by the United Mr. Tribus. 
States comparatively little attention has been given the past the 
proper maintenance street pavements. Much attention has been 
given the questions construction, through all their features 
subsoil, grade, drains, character foundation, surface, cross and 
slopes, relationship pavement surface traffic 
teference dust, cleanliness, slipperiness, durability, ease repair, 
and cost construction and maintenance. general, cities have 
been content make repairs when road surfaces have, through months 
years use and abuse, developed ruts holes and generally un- 
and even dangerous condition. This not always the fault 


vho are disinclined appropriate money maintain something that 
fair order far hasty inspection goes. 

There can doubt the minds municipal engineers that 
the keeping any form pavement perfect condition adds 
its total life, and adding together all costs such 
repairs, for the normal reasonable life the pavement, 


longer intervals. If, addition, there could tabulated the ex- 
broken axles, strained tendons, paint and varnish injured 
mud, clothing damaged, wear and tear the nerves, profanity 
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induced, the balance would very largely the side daily 
maintenance. 

that portion New York City where the writer has more 
less authority, there was inaugurated, some years ago, the system 
daily inspection all the more heavily traveled roads, covering 
practically all classes pavement, macadam, brick, asphalt block, 
sheet asphalt, wooden block, bituminous concrete, iron slag, granite, 
rainy weather, when depressions show most conspicuously, the 
men stationed macadam roads, note the depressions and, possible, 
once clean them out and fill them with new broken stone, 
such assorted sizes need may require; little hand tamping, given 
the time, finishes the repair, and few days’ traffic makes 
indistinguishable from other parts the roadway. When road 
wears down that the aggregate cost daily repairing exceeds the 
economical limit, then reconstruction takes place. 

What has just been said, course, obtains more particularly for 
such pavement macadam than for the more permanent forms, 
though neglected rut improperly made repair any pave- 
ment, after opening the street for some purpose, not only causes 
unsightly and even dangerous condition, but seriously injures the 
adjoining portions the pavement and tends lessen the life the 
whole. 

has been the aim during these past years make these repairs 
permanently and perfectly the first day possible after opening 
made and back-filled. While such repairs can more readily made 
some classes pavement than others, the general principle in- 
volved the same, and the result almost satisfactory one 
the other. 

Cleanliness another very important factor the life road 
any class. macadam road kept reasonably free from dust means 
freedom from mud; consequently, saves annoyance, and the stone 
held together longer and more effectively than the case where 
loose medium, like sand mud, aids breaking the bond and 
separating the stones. 

The writer remembers long stretch macadam road, which 
actually wore down until the tops the telford foundation stones 
showed, without any raveling the surface, due entirely, his 
opinion, the freedom from dust and mud, the traffic being very 
heavy most the time. 

sheet-asphalt pavement kept clean will last longer than when 
left dirty condition, the latter case water does not flow 
freely from the surface, and thus tends rot the asphalt. water 
can kept from standing the surface, the wear will come from 
traffic only. block pavement kept clean thereby freed from great 

many disintegrating elements that find their way between the joints 
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and tend wear the blocks their edges well their upper Mr. Tribus. 

fair proposition, therefore, say that comparatively in- 
pavement, well laid and kept clean and constant repair, 
will outlast any more costly pavement that neglected; and during 
their respective lifetimes one will give public satisfaction and the 
will nuisance during all its later life. 


The writer has only taken this question the cleaning 
pavements affects the life the pavement, entirely apart from 
the sanitary side and the general comfort the community. 

There are many conditions affecting the selection the form 
pavement for any given street locality, that would make 
lengthy discussion into that topic detail. 


Naturally, the first consideration the ability the community 
pay for what are its best interests. Assuming, therefore, that the first 
-cost not limited, pavement should selected that will give the 
least noise, the smoothest surface, and may cleaned the best 
advantage, all consistent with the weight traffic, and the traction 
‘power horses, determined largely the gradient. 

With these general questions settled, then come the estimates for 

annual repairs; the total life the pavement under the traffic esti- 
mated; inconvenience the public having the street out 
for renewal, etc. 
These conditions might readily indicate, therefore, the need for 
more expensive and more permanent form than the first considerations 
‘would suggest; that general rule can laid down for the original 
selection pavement. The principles construction are standard, 
but the practice maintenance far from being standardized; 
the writer hopes such discussions this may result securing 
more continued and constant cleaning and repairing all classes 
pavement than yet customary the United States, and knows 
the results will tend toward economy and comfort. 


Owen, Am. Soc. E.—The Society and the country Mr. Owen. 
large should congratulated the excellent discussion presented 
Mr. Blanchard. excellent its arrangement, and the descrip- 
tion work done. also gives tangible results, for shows the 
important item cost, which should impressed upon every engineer 
highway work that his clients may have basis com- 
parison connection with the change which about come road 
America. Mr. Blanchard shows that the increased cost 
‘over old methods cents per sq. yd., and that impressed upon 
the people’s minds, the small extra expense building road accord- 
ing modern ideas and regulations will quickly appreciated. 

After much experience road building, the speaker compelled 
confess that must apologize for the work has done. History 
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sometimes repeats itself, and fact that about 1843, after the 
good roads era had been fairly completed England, and they had 
the system which has been handed down, the construction those 
good roads created desire for self-propelled vehicles. They were not 
called automobiles then, but were steam carriages. They became 
prevalent that the horsemen, and stage drivers, and all other persons 
not interested that mode transit, protested vehemently that 
Parliament passed bill abolishing the steam traffic the highways 
the country. This was really prior the railroad era. After the 
lapse good many years, the self-propelled vehicle has come again, 
different form, and has come stay, that the engineer must 
now accept such means locomotion fact and must make due 
provision therefor. 

One point should brought out here, namely, that, nowadays, the 
term “hard roads” should eliminated. Hard roads, according the 
popular idea, are not wanted. The later road developments show that 
medium being placed the hard material obviate the hardness, 
the abrasion, and the extreme wear, tear, and dust those surfaces. 
The necessities for the surface to-day are what would pli- 
ability and resilience, surface that will give and elastic, and will 
restored normally after has done its work. proposed 
introduce certain foreign material order encourage that resilience 
and elasticity. Two extreme cases may cited exemplify that idea. 
California earth roads were covered with shale, and then sprinkled 
with oil, which gave perfectly smooth surface and the desired degree 
elasticity that prevents wear. -The second extreme case the ideal 
pavement made with asphalt. Both these surfaces are elastic, and 
not wear out. Some years ago, the speaker asked one the asphalt 
representatives how much wear there was the surface asphalt 
pavements. replied that there was wear. Careful 
shows that, practically, this fact. One section city road under 
the speaker’s control, originally covered with macadam, had 
repaired, account travel, every two years, with coating about 
in. broken stone. Asphalt was substituted, and has been down 
about seven years, and there has been not particle wear, 
movement the surface that time. 

This expresses the speaker’s idea elastic surface. there 
perfect surface this kind, the element wear almost eliminated. 
Furthermore, having that elastic surface, the question the positive 
texture the stone used not such great importance. New 
Jersey has been priding itself somewhat upon its roads. They are 
good because, for the system construction use, the material 
good. The difficulty, the different States and sections the country, 
finding material with which make good roads; thus this 
question mixture important, and may decrease the trouble 
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obtaining for road surfaces such good material was formerly required. Mr. Owen. 


The suburban districts New York City have had the same ex- 
perience the treatment roads that related Mr. Blanchard. 
Automobile traffic has affected the roads some extent, and some 
method must contrived prevent the resultant damage. The 
trouble similar that Rhode Island, and Mr. Blanchard has gone 
into the matter great detail, and has given tangible information, 
and definite results. 

The use oil the vicinity New York City has not met with 
favor. certainly eliminates the dust, but, residence districts, the 
odor the oil very objectionable, and the oil dust that rises under 
certain conditions injurious everything touches; consequently 
the results indicate that tar, preparations tar and asphalt, will 
used finally decrease the wear the roads. 

Three years ago the speaker re-coated old surface with in. 
broken stone and tar, with the screenings top, the cost being about 
cents per sq. yd. The result was most satisfactory, the road having 
been neither sprinkled nor repaired since that time. 

seems proper here allude roads which are not within congested 
districts. Professor Baker, who very enthusiastic about the improve- 
ment roads stoneless districts, where the necessity for the proper 
administration the business farmers absolute, considers that 
the elimination the necessity for extremely hard material going 
important factor the future construction and development 
roads stoneless countries, like Nebraska, for instance. 

The oiling roads, without the intervention other materials, 
seems give satisfaction certain localities. The plan using 
inferior material and binder with it, one which there has not 
yet been much experimentation, and the suggestion made that, 
possible, this matter taken for discussion, that, the develop- 
ment roads for the Central States, some advantages may gained. 


Lewis, Am. Soc. the past the highway mr. Lewis. 


engineers the United States have been disposed confine their 
studies, investigations, and discussions what have been called perma- 
nent pavements. permanent pavements meant those which are 
usually laid under contracts calling for guaranty for maintenance 
year term years, and which the problem maintaining 
and repairing not assumed the municipality State almost 
immediately upon their completion. 

There has been disposition regard macadam pavement 
temporary expedient, city where the abutting property not 
able bear the cost more permanent road material, mitiga- 
tion the the unimproved suburban country high- 
way. Only few localities where there are numerous towns and 
Villages have macadam roads been built and maintained 
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furnish highways upon which high-speed motor vehicles can driven 
with any degree comfort. follows that the problems con- 
structing and maintaining roads the macadam type have not been 
the subject careful investigation engineers, and the results the 
work which they have done have not been presented the careful 
manner which demanded the importance the problem. 

The engineering profession greatly indebted Mr. Blanchard 
for having placed before its members full description the work 
the Rhode Island State Board Public Roads, and such complete 
analysis the cost. 

Lately, special attention has been drawn the construction and 
maintenance such highways the advent and general use 
motor cars. these vehicles pass along what have formerly been, good 
highways they are followed great clouds dust, resulting much 
discomfort others using the highway and those living its 
immediate vicinity. resident Northern New Jersey recently said 
the speaker that, while formerly one who wished country home 
could purchase property 200 300 ft. depth, place his house 100 ft. 
from the highway, and live comfort, this has now become impossible. 
avoid the dust raised motor cars now necessary locate 
one’s dwelling 500 600 ft. from the highway. 

The dust raised motor vehicles, however, means more than 
physical discomfort. means that the road material being used 
and wasted with great rapidity. The ordinary city pavement, 
especially bituminous pavement and possibly macadam, kept 
good surface, may improved the passage over heavy vehicles 
moving moderate speed; and, within the limits cities and in- 
corporated towns, the speed such vehicles usually kept within 
reasonable limits police regulation; but when automobiles, speeds 
from miles hour, pass over these highways, with broad 
rubber tires drawing the binding material from the road metal, the case 
very different. 

these highways are not entirely destroyed, the speed these 
vehicles must kept within reasonable limits, and some method 
construction must devised which will result surface compacted 
with binding material such character that will not drawn 
from between the pieces road metal and carried away dust, 

roads must provided for high-speed motor traffic. the 
latter plan were adopted, such highways could not built public 
expense, but would the result private enterprise, and the expense 
construction and maintenance would met tolls paid those 
using them. This plan has lately been adopted Long Island, 
where motor parkway being constructed for the exclusive use 
high-speed motor This parkway will entirely separate from 
other highways, there being grade crossings, and expected that 
the enterprise will supported the fees charged for its use. 
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control the speed motor vehicles country roads well-nigh Mr. Lewis. 
impossible, and most cases the only treatment which appears 
possible that method road construction and maintenance 
which will adapt the highways the new conditions. This the plan 
which described Mr. Blanchard. The objection which has been 
thought almost fatal such plan has been the greatly increased cost 
construction, but the data submitted Mr. Blanchard show, 
manner almost startling, that this increased cost, under intelligent 
plan and competent supervision, would relatively little. 

Roads built with bituminous cementing materials may present 
exceptional difficulties making emergency repairs. Breaks holes 
the surface will inevitably occur, either through defective spot 
the foundation from some external cause. repair such breaks, 
either the mixing penetration process, would difficult and 
expensive under any system maintenance, and the members the 
Society would doubtless glad know whether Mr. Blanchard has 
formulated plan for making such repairs. states that the differ- 
ence cost between ordinary macadam pavement and the bituminous 
macadam described him has been little cents per sq. yd. 
This certainly remarkable record, and the cost labor must 
very low and its efficiency very high Rhode Island. The speaker 
under the impression that this slight difference cost could scarcely 
approximated typical American city, especially where the pre- 
vailing rate wages and the minimum length day are religiously 
observed. Still, the ratio between the ordinary contract price and the 
increased cost the kind construction described should realized 
equally efficient supervision and careful attention detail could 
insured. 

Mr. Owen has spoken the desirability elasticity and resiliency 
roadway for motor cars, and has referred the earth road 
type the desirable highway. The speaker confesses his lack faith 
these qualities desirable for automobile highway for high- 
speed cars. low speeds the earth roadway admirable, but the 
speed which cars run the present day would seem require 
very hard and unyielding surface. 

That the problem presented the general use high-speed motor 
vehicles has arrested the attention the most painstaking highway 
engineers the world shown the fact that the French Govern- 
ment has arranged for International Highway Congress held 
Paris during the present year for the express purpose studying 
these problems. The French highways have been among the finest 
the world, and stated that they are fast being destroyed high- 
speed motor cars. The Congress consider, not only the problems 
construction and maintenance the roads, but that cars and 


well, with the use chains and other devices prevent 
skidding. 
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The speaker has had the privilege examining the Rhode Island 
roads with Mr. Blanchard, and has been greatly impressed with the 
results which have been secured. The surfaces the bituminous 
macadam roads, constructed has described them, are practically 
perfect, although some the roads have been use for two years, 
and they are absolutely dustless. them are sparsely 
settled localities there apparently restriction upon the speed 
motor vehicles, and motor cars pass along the roads swiftly and 
smoothly without the customary trail dust, which, however, 
emphatically and offensively apparent the moment the cars pass from 
the bituminous macadam that the ordinary type. the speaker’s 
judgment Mr. Blanchard has made notable progress solving what 
probably the most serious problem confronting highway engineers 
the present time. 

Houston, Assoc. Am. Soc. speaker had the 
good fortune live during the first twenty years his life 
northern New Jersey, the section referred Mr. Owen, where 
excellent macadam and telford roads have been constructed from the 
crushed trap rock the Orange Mountain. also somewhat 
familiar with the conditions referred Professor 
Baker. 

Colorado many varying conditions are encountered. the 
eastern part are the agricultural districts, where the farmer must 
provided with roads over which haul his produce the nearest 
market shipping point. this traffic, the most wearing the 
roads that caused the hauling sugar beets, the loads weighing 

that part the State good material for ballast either lacking 
entirely too expensive obtain. one these roads, the 
southeastern part the State, the only material available was what 
however, was found that the material below this point was only 
partly consolidated, being damp and pliable. being exposed the 
air for several days, became quite hard, and similar that the 
surface. There being only limited quantity surface shale, was 
decided use the softer material below. This was excavated with 
slips, and placed the roadway, in. thick the center and in. 
thick the sides, the roadbed being ft. wide. was then rolled 
the proper cross-section with 10-ton roller, and, after hardening, 
proved satisfactory ballast. The cost, without the rolling, was 
cents per lin. ft. roadway. 

other parts the State there the problem very high 
water-table. some parts the San Luis Valley within 
the surface. Much the soil there heavy adobe which sorbs 
this water capillary action, freezes the winter, and when thawing 
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heaves the roadbed from in. above grade. The only remedy Mr. Houston. 


for this seems ditch the road each side, using the material 
grade the roadway from in. ft. above the surrounding 
country. 

the mountains there usually excellent ballast, the best being 
disintegrated granite. This resembles finely crushed stone, being 
angular, and varying from in. greatest dimension. Some 
binder usually needed with it. 

When mountain road Colorado properly constructed, 
needs comparatively little maintenance, except when misused, 
often the case the mining districts. For instance, mining 
camp opens up, and roads must built get the ore out and supplies 
in. Not knowing whether not will develop into permanent camp, 
the work more less temporary character. This more espe- 
cially true the bridges, which are usually rough log affairs. 
bridge goes out account high water, becomes too rotten 
carry the loaded wagons, and the district has not developed sufficiently 
warrant new bridge, the miners then begin pack and out, 
and takes but few trips burros loaded with timber rails 
destroy the remainder the road. Great damage mountain roads 
also driving herds cattle over them. 

The Legislature Colorado appropriates about $150 000 every two 
years for the construction roads and bridges. This used making 
new roads, improving existing ones, and building bridges. 

The grades exceed 20% some the old roads. all new 
work under the State the maximum grade limited 12%, with 
maximum adverse grade. the mountains the width varies from 
ft., with 16-ft. width turnouts. 

The law requires that the county which road bridge 
built the State shall maintain it, that the State, officially, has 
very little with keeping the roads. order reduce this 
minimum, reinforced concrete bridges are built 
wherever practicable. 

The State has completed, has under contract, twelve these 
bridges, varying from 462 ft. long (eleven 42-ft. spans) single- 
span, 125-ft. arch bridge. Most these bridges, however, have been 

the slab and girder type (maximum 50-ft. span, 16-ft. clear road- 
way), and designed for 16-ton traction engine loading. These cost 
from $42 $45 per lin. ft., including pile foundations. 

Owing the dry climate, the roads Colorado are excellent 
condition during months the year, and are seldom impassable 

account mud during the remaining months. Owing this 
fact, there increasing demand that grades cut down accommo- 
the growing automobile traffic. 


During the present year (1908) the State has taken the experi- 
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ment convict labor road building. road has been planned 
through the State, extending from the northern the southern bound- 
ary, and the convicts are now working the southern end. Reinforced 
concrete culverts and bridges are being built entirely this labor. 

The design and supervision construction all State roads 
bridges under the State Engineer. 


improvement depends not much its engineering elements, 
the fact that real improvement adds certain percentage the 
value the property affects. The rural districts are beginning 
understand that the slight increase taxes, spent properly 
improved highways, good investment. 

This work improvement has been entrusted the engineer, and 
safe say that has not proved very simple problem. The 
usual method lay macadam roadway. This has been 
large extent successful, but the writer believes that slight alteration 
the method will add the life the road and lessen the cost 
construction well maintenance. 

This cost dependent many things, mainly the source supply 
material, stone, filler, water, etc., and, unfortunately, the cost 
improvement highway large factor its treatment. Against 
increased cost may balanced cheaper construction with probably 
poorer highway. For this reason the engineer must strike fine 
balance between ideal roadway high cost and inferior road- 
way less cost. arriving final result there should better 
criterion than the results obtained from methods and materials hereto- 
fore used. 

Given road having porous yet stable soil, well drained, 
frequently found that slight improvement natural conditions 
affords good roadway. worst natural conditions require the 
best road, the most thought, and frequently the most expense. Under 
such conditions ideal road may prohibited great expense. 

The engineer then forced find the material and method 
construction which will give the best road for the money 
pended; or, other terms, the limit expenditure determined 
the value the results obtained per dollar expenditure. 

The basic principle macadam road the placing suit- 
able wearing surface over solid base such way that the macadam 
will perform two functions, first, sustain the wear traffic, and second, 
transmit the base the loads imposed the traffic. 

Had the engineer always hand—or the money bring hand— 
materials which would furnish the macadam capable carrying out 
these functions, the problem would more simple; but, bring about 
these results with the materials hand, calls for much thought, 
perience, and common sense. 
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ned 
nd- Although the matter general location and sub-base roadway Mr. 
ced very important, does not enter into this presentation, the 


writer wishes deal only with the construction the macadam proper. 
Having settled upon the location and prepared the base, sub-base, 
the case may be, the present method has for its object the formation 
6-in. layer crushed stone, bonded and placed such way 
form solid mass impervious water. this end stone 
the good binding qualities must found. This must bonded with 
proper filler, and the whole consolidated successive manipulations 


until this result approached nearly may be. The roadway 

then put trial; stands, the material and manipulations have 
been correct; not, reasons and repairs are order. Considering 


The the varieties stone and filler hand, differing with various roads, 
rather remarkable that large percentage roads shows satis- 
factory results. 

cost The point the writer wishes bring out this: The stability 
the macadam dependent the bond, and this dependent the filler 
and the manipulation. Under the best conditions, there are seasons 


tions Fia. 


the year when this bond temporarily destroyed the action 
freezing and thawing. Heavy loads, also, may destroy the bond before 
the load transmitted the base. This fact shown the early 
necessary roads built under the present method. 
fact, also, that when country road macadamized, not only will the 

vehicles increased, but the weight single loads will 
doubled. 


Fig. illustrates this point. The stones are pushed each 


the wheel track, and not down into the base, simply because 
the bond not sufficient hold them together. close examination 

dwing repair work will show that this exactly the case. 

Proposed Method.—Would not more logical and common- 

way place the stones the macadam before crushing, far 


Possible, than break them and try bind them together 
Does carpenter cut post sections with the intention 
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splicing again when the building? Why not save this expense 
crushing and rolling much may be? 

Fig. represents section built after the following method: 
Having prepared the base the usual manner, the larger stones are 
hauled upon the base and placed near one another, special care 
being taken, that would take much time and cause expense. These 
stones, their vertical dimension, should average about in. for 
8-in. thickness macadam. Smaller stones, from the crusher, 
spawls from the quarry, are then drawn in, and the spaces between 
the large stones well filled. wearing surface about in. placed 
over all, and the whole well rolled. much stone dust the stone 
will take then applied, and the surface puddled, the 
present method. 

The large stones transmit the load directly the base. Filler 


depended bind the whole together, the smaller stones 


between the large ones will this. fact, very little filler will reach 
the bottom, thus leaving open for drainage, and avoiding the danger 
disintegration frost. 


Comparative make accurate comparison between the 
cost the present and the proposed methods, similar conditions must 
imposed each. roads where local field stone can used with- 
out crushing, and crushed stone can imported reasonable rates, 
the percentage saved will greater than where all stone must 
hauled from. the quarry either case. Whatever the conditions, there 
saving 50% the crushing and 40% the rolling 


parison with the present two-course road. Another point not 


overlooked the utilization the total product the This 
method takes out the dust and 1-in. 2-in. stone, putting all the 


remaining product one bin. This product should used fill the 
spaces between the large stones, and the 1-in. 2-in. stone for the 
wearing surface. case local stone used for the body 


road, and trap imported for the top, very little crushing the 
ground will necessary, and the whole product, with the exception 
the dust, may put one bin and used fill the spaces 
the large stones. 


average road, with field stone convenient the roadway, 
and good limestone quarry along the road, comparison 


would somewhat follows: 
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Present Proposed 


method. 
Preparation base, say 


average in. ex- 
cavation fill, with 
necessary rolling and 


Hauling field stone..... (in place). 3.75 
Placing and sq. yd. 20.00 


These figures are not intended fit any particular case, but are 
taken average from cost items several roads. The first item 
will vary considerably, and will affect somewhat the total percentage 
saved under the proposed method. The cost hauling field stone may 
vary, also, but, stone walls are convenient, and the stones are 
moderate size easily broken, the figure used may reduced. The 
quantities used are, cu. yd. stone for the present method and 
cu. yd. for the proposed method, giving thickness finished 
macadam in. the former case and in. the latter. the 
proposed method estimated that 50% the volume will 
crushed stone. 

Where there are field stones, but good quarry hand, the 
estimate would changed, follows: 


Present 
method. method. 
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Under such conditions abundant field stone with quarry 
suitable for top stone, that top stone would imported any 
case, trap might specified for the top, and the estimate would 
about follows: 


Present Proposed 
method. method. 
Hauling field stone....... cu. yd. $0.25....... 
Crushing field stone...... 4.00 
Crushing field stone...... 2.75 
Screenings (limestone)... 12.25 12.25 
Placing and 133.3 sq. 0.15....... 20.00 


Although these figures cannot exactly determinate, owing 
inability apply them, they are, any particular road, the writer 
believes that, average, they are fair, and that they indicate 


reduction cost and the production superior roadway, favor 


the proposed method. 

may said, opposition this method, that impossible 
roll the loose stone such depth into the spaces among the large 
stones the base. This, however, the writer does not believe 
the case, the sub-base being constructed this method many 
roads. Why not make the roadway itself sub-base? 


One often hears said that macadam roads cost too much, both 
first and maintenance, yet contractors are slow take them 
appropriation figures. the duty the engineer furnish the 
best construction for the least money possible. The effort 
ment, however, has been directed toward making the present method 


more thorough and more expensive. 


Macadam being laid over comparatively good roads, built before 
the days rollers and stone crushers. the finer product let 
neers not forget entirely the methods and means those who built 
before them, for they built well and little cost. More stone and 


less expensive manipulation step the right direction. Try it. 
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‘iter 
cate Am. Soc. E.—The subject irrigation mr. Anderson. 
avor 


presents such wide field, such great importance and magnitude, 
such varied characteristics, that cannot treated otherwise 
sible generally the course discussion ordinary limits. The 
speaker proposes, therefore, confine his remarks particular 
field, section Colorado which typical the whole State, which 
large measure, typical much that marks, will mark, most 
other regions which will reclaimed the Western States. 
both Near Denver may seen some portions great agricultural 
which owes its present development solely irrigation. The 
the valley the Cache Poudre River to-day fine agricultural 
devoted ordinary farming products can found, not 
the arid region, but anywhere throughout the United States 
the range its possible products. 
represents the best that has been accomplished within the State 
Colorado; what has been done there, can and being done 
built throughout the State, and has been done solely private enter- 

The work that has been achieved that valley has really formed 
the basis for most other irrigation development, and not only has 
the practical result been the best and highest type home building, 

Mr. Newell has pointed out being the ultimate aim the 
governmental works reclamation, but there has been built, out 


*Further discussion, had the Convention, will published subsequently, and addi- 
written discussions are invited. 
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the growth the district, code laws which largely forms the 
foundation all irrigation law throughout the arid region. 

appears difficult, even for the dweller the arid region, 
say nothing the stranger within the gates, realize and com- 
prehend fully the significance the agricultural development this 
region and the future possibilities similar districts under irriga- 
tion; and equally difficult remember and acknowledge the debt 
owed from one generation another, and from one region another, 
the process such evolution the arid region now under- 
going. 

will not out place very hasty sketch given the 
progress irrigation development Colorado. has been marked 
least three periods, the individual, the community, and the cor- 
porate, and latterly the last has been large measure resolved back, 
under recent legal enactments favoring such process, into what 
really form the community effort. 

The first individual period was contemporaneous with, fol- 
lowed closely upon, the advent the gold seekers into the State. 
interesting note that the dates the earliest appropriations from 
the various streams the eastern slope the mountains run from 
1859 was founded 1858. the failure find 
gold paying quantities and the necessity making living 
some form, the ready money made raising food for man 
and beast, and securing enormous prices therefor, drove certain 
the pioneers the less attractive but more certain pursuit farming 
irrigation. quite probable that these gained their knowledge 
primitive irrigation methods from the Mormons, who undoubtedly 
introduced into Utah about 1847. 

The early irrigation farmers confined their efforts the construc- 
tion small ditches for the reclamation limited areas the river 
bottoms, for the cultivation hay and the cereals. 

The next period was marked what may termed the “com- 
munity” effort, which reached its best development the Greeley 
Colony, about 1870. The community efforts sought the reclama- 
tion more extended areas, longer and larger ditches, built 
somewhat improved methods, and the result the combination 
several land owners. 

the latter Seventies and early Eighties the field development 
attracted the attention large corporations and combinations 
building larger ditches canals, reaching out upon the mesas 
bench lands, which, prior this time, were considered unfit for 
cultivation and altogether inferior the lands the bottoms. 
somewhat extraordinary view, the light later development, was 
quite extensively entertained the original projection ex-Governor 
Eaton, assisted what was locally called the “English Company,” 
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prosperous Town Eaton. 

The corporate investment large irrigation works, means 
confined the Poudre River, continued throughout the decade from 
1880 1890. Two companies, alone, invested, within that period, 

About midway this period, there came realizing sense the 
limited supply water ordinarily obtainable from the streams, 
least the eastern slope the mountains. 

Under the law, restriction was placed the filing appropria- 
tions upon any stream, and there was practically real knowledge 
the ordinary seasonal flow any stream prior that time. The 
earliest continued measurements stream flow date from about 1885, 
though some gaugings were made early 1883. 

not surprising, therefore, find canal with appropria- 
tion more than 450 cu. ft. per sec. dating from 1881, stream 
which averages about 840 cu. ft. per sec. July, and with more than 
4000 cu. ft. per sec. appropriated ahead it. 

about the same time, the Courts declared that the corporate 
companies, owners canals, could not charge price for water right, 
“royalty,” but that these canals were merely “common 
that the act appropriation involved the two separate acts diver- 
sion from the stream and application beneficial use. Under such 
decision, the only revenue that could derived from such canals 
was from rentals, and these were under the regulation the Board 


County Commissioners. While the Court subsequently held that 


these County Commissioners could not fix rentals low 
unremunerative, the immediate effect the decision was disastrous 
many these corporate canal companies. 

that failure, the difficulty securing that time sufficiently 
rapid settlement tributary the canal systems undoubtedly 
contributed. Nearly all farmers that time were novices the use 
water for irrigation, and all the conditions tended dissatisfaction 
and friction. 

not unusual experience find the pioneers any line 
industry meeting with failure, which finally turned success 
those who follow the same lines. has certainly been true that 
number the unfortunate ventures irrigation enterprise 
Colorado have finally developed into successful undertakings. Many 
them were projected before the conditions were ripe; they were 
merely advance the times. 

The full realization the “shortage water,” the inadequacy 
the stream supply ordinarily all the canals and ditches depending 
it, impelled the movement toward the storage water. 

Mention has been made canal with appropriation dating 


the Larimer and Weld Canal, irrigate the lands adjoining the now Mr. Anderson. 
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1881, with more than cu. ft. per sec. ahead it, point time. 
rarely ever entitled supply water from the direct flow 
the stream. Finally realizing this, its owners built the first mountain 
reservoir the Cache Poudre, 1885, and the storage water for 
irrigation purposes had begun. 

Since that time, that company has extended its operations such 
extent that now owns controls nine large reservoirs, containing 
more than 20000 acre-ft., and provides water supply them the 
diversion the waters the Laramie and Grand Rivers across the 
main range. From the position last the stream for direct supply, 
the company has placed its system among the best and most successful 
the valley, and more than 40000 acres the most productive land 
the valley are dependent it. This has been accomplished, not 
only the diversion water from other streams and its storage 
and subsequent use, but also the “exchange” water, system 
management water supply which has resulted much practical 
benefit. its simplest form, means that canal company which 
has stored water basins below its canal level, and which cannot 
again divert into its canal system, will deliver such stored water into 
another canal, lower level, the direct supply which from the 
stream will diverted the canal company having the stored 
water. 

illustrative what can done resuscitating apparently 
dead venture, and putting this “exchange into practical 
and economical form, some reference may made the North Poudre 
Canal. This canal was originally started the early 
Eighties, and suffered temporary disaster about 1886. 

The canal took its supply—merely flood waters—from the North 
Fork the Poudre, and embraced about six reservoirs, with total 
capacity about 10000 acre-ft. None this was available for the 
lands tributary the canal, and was only valuable for exchange. 
Mr. Sanborn, well-known irrigationist, secured the system, 
and early 1901 commenced the construction the Fossil Creek 
Reservoir, which could impound the natural flow and flood waters 
Fossil Creek, and could also supplied from the flood waters 
the Poudre River, inlet canal some miles long. This reservoir 
very remote from the other reservoirs the system, and the 
opposite side the river. It, also, was purely “exchange water” 
proposition, and dependent flood waters, and its conception was 
met with the opposition most the best informed irrigationists 
the valley, for several reasons. 

The reservoir was built, however, notwithstanding considerable 
financial difficulty, and has proved financial success. usually 
filled with water, and, result, the North Poudre ditch usually gets 
water through the irrigation season; and, largely that account, the 
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fine section around Wellington has been developed, and raises the Mr. Anderson. 
valuable late crops that have added materially the prosperity 
the region. The reservoir has capacity about 11000 acre-ft. 

Taking the reservoirs dependent the Poudre River alone, there 
are more than twenty-five operation, with capacity aggregating 
about 100000 acre-ft. 

Some interesting details these aids irrigation are given 
Bulletins and the Office Experiment Stations the 
United States Department Agriculture. the latter, much con- 
sideration given the character and value crops raised the 
aid these reservoirs, and this important statement made (date 


“The best estimates give the worth these reservoirs 
the Cache Poudre Valley each year.” 

Mr. Tonge’s “Handbook Colorado Resources,” the area 
agricultural land Weld County alone given 223 218 acres, with 


the introduction Bulletin No. 92, dated December 15th, 1900, 
Mr. True says: 


“Tn the Cache Poudre Valley series reservoirs has been 
constructed local and individual enterprise, which connection 
with system rotation the use water, has resulted doubling 


area capable being irrigated the canals alone and securing 
more thorough and effective irrigation than usual without the aid 
storage reservoirs. This account the experience the Cache 
Poudre Valley the construction and use storage reservoirs has 
been prepared and recommended for publication the belief that 
will prove valuable many other localities, not only Colorado 
And his introduction the same Bulletin, Colonel 
ton, the author, the most prominent irrigation engineer the early 
development the canal system Colorado, says: 
“Ten years only have been required build the most complete 
system storage the United States. This has not been accomplished 
large expenditure money, nor because unusually favorable 
ocations for reservoirs, nor was wholly accident that the people 
this valley took this line irrigation development. Conditions 
the forced them into it. They did not wait for the general government 
the state build reservoirs for them. ile this system 
means completed, the owners have already reaped much larger 
for their labors than they expected, reaching into the millions 
“Although the necessity for storage reservoirs and their utility 
and benefits are generally recognized, but few people outside north- 


Colorado are aware what has been accomplished that locality 
the utilization small things the ingenuity displayed 
making the most them.” 
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And, his conclusions, makes the following remarks: 
“Exchange water facilitates its distribution and amplifies its 


“The concert action the exchange water appears have 
lessened the number legal conflicts.” 


and 


“Greater economy the application water attained 
nating rather than pro rating times scarcity, both among canals 
and among users from canals.” 


And could well have added, what the experience the years 
since wrote the Bulletin has proved beyond peradventure, that 
the storage water, itself, the sense increased security the 
water user and the certainty its availability for application just 
when needed, has materially aided the actual economy the use 
water itself, which feature reference will made later. 

About 1896 Captain Chittenden, for the United States Government, 
examined, among others, two reservoir sites the State Colorado, 
both which might have been thought were beyond the reach 
private enterprise. One was then called the Goose Creek Site, the 
South Platte River; the other was Boyd Lake, tributary the Big 
Thompson River. 

The first was substantially constructed the private enterprise 
the Denver Union Water Company, and now utilized for the 
storage water for the domestic supply the City Denver. 

Regarding the Boyd Lake enterprise, some interesting details may 
given. small section it, known the Seven Lakes, was 
developed some years ago storage reservoir for irrigation purposes 
the private enterprise Mr. Sanborn. connection with 
this reservoir, Mr. Sanborn held some shares two ditches which 


feed it, and effort store such ditch water, litigation 


ensued which has far-reaching effects upon the irrigation interests 
the State, and the speaker may pardoned for brief reference 
thereto. 

had previously been held the Courts that, for flood waters 
and the winter flow the stream, ditches with solely reservoir appro- 
priations, appropriations for the storage water, had priority for 
filling over ditches with appropriations simply for direct supply. 

This decision was used prevent the Seven Lakes Reservoir from 
storing the basin any the water represented its shares 
the ditches during the irrigation season. The reservoir company did 
not claim the right make any invasion the river, but sought 
have the right change the character farming from early crops, 
such wheat and alfalfa, late and more profitable crops, 
beets and and store the reservoir the early part 


W 
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the season—May, June, and July—their pro rata share water mr. Anderson. 
direct supply use later the season, and this they were finally 
upheld the Courts. 

has been charged that Court decisions irrigation matters 
have been inconsistent, but consistency may mean stagnation, in- 
consistency may mean marching the line progress and develop- 
ment. 

Seven Lakes Reservoir has capacity nearly 10000, and can 
developed about 14000 acre-ft. Boyd Lake very large basin, 
covering more than 2000 acres high-water line, with depth 
ft. about miles long and mile wide, and its capacity 
about 55000 acre-ft. 

There was much reason believe larger than any available 
water supply, but Mr. Sanborn has developed it, and its first year 
there was stored more than 30000 acre-ft. The waters stored 
are used exchange also—and present the reservoir the 
ownership one individual, arrangements having been completed 
for reservoir company, and there some consideration utilizing 
with power development. 

These developments are referred examples the work 
private enterprise prior 1901. not intended that they should 
include all the work done such, not even the district specially 
considered. 

may well note the development the Great Plains Reser- 
voir system the Arkansas Valley, with capacity about 
acre-ft., well the Twin Lakes, the Sugar Loaf, and others. 

The year 1901 has been mentioned, that marks the period 
another irrigation era the districts under consideration. about 
that time the introduction the sugar beet and the demonstration 
its adaptability this district practically revolutionized conditions, 
relation water, crops, and values. 

about that time, also, some legislative enactments were passed 
which have given impetus further development the construc- 
tion ditches and reservoirs. 

The Carey Act, approved 1894, empowers the Secretary the 
Interior, with the approval the President, contract and agree 
patent States having desert lands, not exceed 1000000 acres 
such lands under certain conditions. 

The Colorado Legislature, 1895, accepted the conditions, and the 
grants land the State, under the provisions the Act Con- 
gress, and provided for the manner which the irrigation, reclama- 
tion, and disposal the same should carried out. 

The last Report the State Engineer Colorado states that 
three companies are taking advantage this act, the largest making 
application for about acres land, with estimated expendi- 
ture for works more than $200 000. 
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Irrigation District Act was passed the Colorado Legislature 
1901, and amended 1905, and, under its provisions, several large 


The act gives such districts the power quasi-municipal corporations, 
the right construct purchase canals and reservoirs, operate 
them, and issue bonds for these purposes, such bonds constituting 
lien upon the real estate within the 

practically provides municipal ownership, and the water 
users are enabled combine for their own direct interest, and, with 
intelligent co-operation and management, the best results are likely 
follow upon its extended adoption. 

Through the energy mainly one man, Mr. Camfield, the 
following districts have been organized, and the works completed 
since 1902: 


Acres. 

232 000 


understood that more than have been expended 
the construction these various enterprises. 

addition, the same gentleman and his associates have under 
way two districts, the Laramie Poudre, with 100000 acres, and the 
North Sterling, with acres, and enterprise adjoining the City 
Denver which will reclaim probably acres. 

Further, the last Report the State Engineer, there are three 
irrigation districts other than those already mentioned, which bonds 
have been sold for $560000 28200 acres; and, since the date 
that report, further bonds have been sold the Otero Irrigation Dis- 
trict for the construction reservoir the upper Arkansas River. 

private enterprise, outside the Carey and Irrigation District 
Acts, 000 additional acres Weld County have been brought under 
irrigation the extension the Larimer and Weld Canal, the 
Greeley No. and the Pierce Lateral, and the extension the 
Larimer County Canal; and there also the very extensive reservoir 
undertaking close proximity Denver, known Standly Reservoir. 

also well known that other enterprises, mostly under the 
District Act, are progress, the details which not possible 
give this time. 

not intended that this list should exhaustive attempt 
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state the total expenditure contemplated, nor give the present area Mr. Anderson. 
now under cultivation irrigation within the State, the cost the 

works which have made that possible—or the value the reclaimed 

area. The only purpose indicate the extent, character, and value 

the work which has been out and will carried out 

private enterprise. 

Within reasonable time, and with reasonable conditions which 
are now apparently provided, not too much say that private 
enterprise will undertake the conservation all the waters the 
eastern slope the Rockies. There have been years, and those 
moderate flood, which all the waters the Poudre River have been 
conserved and economically applied beneficial purposes, and the 
steady extension the enterprises that valley indicate that ere 
long the maximum floods will conserved the same way. With the 
projects outlined the South Platte, the same conditions will soon 
prevail the immediate vicinity Denver. 

The various stages irrigation development outlined the outset 
inevitably call for some remarks the character the construction 
which then obtained. the earliest days was, naturally, the 
the gradient the ditch being developed either the 
primitive Mexican way allowing the water find its course, the 
bed the ditch was laid out with the spirit level triangle. Better 
methods obtained the plans enlarged, but the critical observer 
the Poudre Valley and elsewhere will still see parallel ditches, un- 
necessarily heavy gradients and distinctly bad alignment. not 
too much say that these conditions are materially improving, that 
the engineer permitted more scope, and that the projectors look for 
and demand better character construction throughout. Much more 
permanent work being done than ever before, and the tendency 
steadily toward betterment rather than otherwise, though the private 
investor looks for and expects marked economy all lines, and the 
engineer has regard carefully the returns the expenditure. 

the past, the most serious error has been due the projection 
and construction large canals from rivers the normal water supply 
which had previously been exhausted, and that error, not solely— 
and probably rarely—the engineer’s, was due, has been pointed out, 
the lack real information stream flow. 

There has been very marked improvement since 1887, but the 
best that had to-day far from being complete accu- 
tate desirable. view the development storage and 
power plants, accurate knowledge required the flow the stream 
for the whole season. the present time, gaugings are ordinarily 
maintained for the irrigation season only. 

The State authorities are crippled the lack funds carry 
out the work properly and fully, and evidently impossible 
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arouse the legislators make sufficient increase appropriations 
for this purpose. 


Co-operation has been had times with the hydrographic branch 


the United States Geological Survey, and even that co-operation 


has been seriously threatened, the funds the disposal the 
Survey are all times inadequate for the work. 

The importance this matter all engineers must apparent 
that cannot require anything further than mere mention the 
matter secure the active assistance the Society, individually and 
body, secure, for the proper branch the Federal Service, 
sufficient appropriations maintain continued and accurate gaugings. 

There one gratifying condition the present irrigation situation 
Colorado, compared with generation ago, and that the great 
progress which has been made the use, and the economy the use, 
water the user himself. not too much say that the 
approach reasonable and low duty water has been almost wholly 
due the user himself, the greater intelligence displays its use, 
and the sense the resulting benefit every interest affected. And 
that, again, due the greater reliance storage, the greater sense 
security storage conveys the user, and the sense personal 
and pecuniary profit thereby. 

The speaker trusts that these remarks, hastily prepared they 
have been, has been able bring eastern engineers into closer 
intimacy with the subject vital those living the arid region, 
and give local engineers opportunity discuss still further the 
subject that ever old and ever new. 


distribution, for irrigation for industrial purposes, make homes 
for citizens. This the underlying consideration the passage 
all the Acts Congress which have with the reclamation the 
public domain, either private, corporate public funds. the 
basal reason urged promoters public-spirited men who favor 
any reclamation project, large small, whether conceived for the 
purpose making money not. The argument used attract 
general interest that homes will made, population increased, 
values will rise, and all corelated investments will made more 
because the fact that these homes will created and production 
will stimulated. 

The stability and permanence the commonwealth are assured 
the conservation water resources which otherwise would 
waste. The destructive floods and the excess water the are 
held reservoirs. The stored waters when needed are put bene 
ficial use upon lands which without them would lie desolate. Men 


otherwise unemployed are put work, and are enabled become 


owners homes. Water storage thus one the first and most 
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ions obvious the many lines conservation the resources the Mr. Newell. 
nation. 

Conservation has come recognized the beginning this 

tion century the great principle followed. has 

the characterized the last century. has been carried point where 

serious-minded men are beginning wonder whether not time 


q 


rent call halt and take account stock see whether the resources 
the the nation are adequate, under the present wasteful methods, 
and realize the great promises which the future should hold store. 
vice, The President the United States has taken this matter. has 
ealled conference the Governors all the States, and this con- 
tion ference has gone upon record declaring the firm conviction that 
conservation our natural resources subject transcendent 
use, importance which should engage unremittingly the attention the 
the nation, the States, and the people earnest co-operation. This 
recognition what has been long prominent the minds engi- 
use, neers; fact, may said that this conservation movement has 
And been initiated the engineers who, from their training, have come 
ense regard the conservation waste the great element success. 
onal Our “captains industry” have demonstrated this their great com- 
binations, where asserted that success attained not much 
they processes invention the economies which are possible opera- 
loser tions large scale through the saving the waste products and 
through the working the by-products into profitable output. 
the considering, therefore, the question water storage and dis- 
tribution, are simply keeping line with the great movements 
and the present day, both corporate and governmental affairs. The sure 
ymes foundation upon which only success can assured full knowledge 
the facts. are intelligently conserve any waste resources, 
the must acquire the most complete knowledge available concerning the 
the matter hand and all the limiting circumstances. taking 
avor water storage, therefore, the first consideration obtain accurate 
the facts concerning the topography the country, its hydrographic 
and the political human elements, such ownership 
lands and vested rights. must obtain aetual observation and 
surveys the ground all facts which are available, and even with 
tion all the physical data which can obtain there must notable 
margin uncertainty which can only bridged the use sound 
ured judgment based wide experience. 
The lack this full knowledge, necessary for intelligent con- 
are servation water, has wrecked many brilliantly conceived enter- 
prise. unnecessary relate the details any cases; the memory 
Men every engineer who has reached middle life stored with instances 
where enthusiasm has been substituted for knowledge, and good inten- 
most tions have paved the way bankruptcy. recognition this fact 
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has led the Government, its effort reclamation through water 
conservation, into preliminary examinations with thoroughness 
which times has seemed superfluous, but which, almost invariably, 
has been shown not only necessary, but perhaps has not been 
fully adequate for the solution all the problems which have ulti- 
mately arisen. 

The work the Government water storage, rule, has been 
preceded, far possible, topographic surveys the drainage 
area and the lands which are irrigated. This has been accom- 
panied hydrographic surveys carried men experience who, 
while the topographers were making maps, have measured the flow 
water the streams day day and season after season, and have 
obtained all available information concerning the water supply from 
the time reaches the ground until disappears 
beyond control. 

The methods topographic and hydrographic surveying necessary 
for water conservation have been developed accordance with western 
conditions. The United States Geological Survey was authorized 
1888 investigate the extent which the arid lands might 
claimed, and there has grown the twenty years since that time 
highly developed system which results have been obtained 
economically and effectively. Both these may now regarded 
highly specialized lines work which well-educated engineers 
are making livelihood. Without the continuity purpose and the 
broad field work made possible the Government, would not 
practicable perfect the existing systems. 

The information obtained the topographic and 
examinations the Geological Survey has been utilized the engi- 
neers the Reclamation Service, the preparation designs for 
works, such storage diversion dams, head-gates, and canals 
able for holding the excess water diverting lands where can 
used. There has thus arisen need experts field distinct 
from that topographers and hydrographers, namely, men who have 
had experience the storage and distribution water, not merely from 
the engineering side, but also from the so-called practical 
side. There has thus been evolved degrees the characteristic 


designing and constructing work the Reclamation Service, with the 


subsequent requirements maintenance and operation. 


progress the preparation plans and reach the 


where necessary lay out systems distributing water the 


lands, high degree technical skill not only requisite, but 
must added for success knowledge human nature and 


institutions, laws, and court decisions. approach the plac 


where the water actually turned the farm and distributed 


individual meet conditions where the human element becomes 
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and more prominent, and where the relations man man and mr. Newell. 
the community general must modify very largely the practical con- 
siderations the subject, overshadowing part many the simpler 
engineering details. Academic considerations may fallacious, and 

may lead the ruin the best theoretical plans. More quarrels can 

arise arid region than whiskey! are con- 

sidered, also, course, important questions relating the character 

land and products, nearness markets, and thousand other 

details which are not strictly engineering themselves, and yet their 
successful handling makes mars the value the engineering work. 

all cases, whether the structures are built public private 
funds, the works must ultimately pay for themselves. built 
investors, they must not only pay for themselves, but must yield 
reasonable profit and interest upon the investment. built the 
National Government, under the terms the Reclamation Act, the 
question interest profit does not enter directly, water 
furnished the estimated cost, including this the expenses 
administration, which must provided and must considered care- 
fully any estimates the cost such works. therefore, 
always important element. 

the structures designed for the storage water, the primary 
consideration beyond effectiveness that durability. These works 
must among the most permanent built Man, not only because 
their use will continue forever, but because the fact that risks 
should taken where many lives and much property are involved. 
Plans for the construction storage works, while they must pre- 
pared with regard reasonable economy, must with view being 
not merely safe but looking safe. People must not merely told that 
they are substantial, but when the plain citizen visits the work 
must see for himself that there every indication the permanency 
and stability great storage dam. will not simply tell 
him that the work safe and that his children and his property, 
located beneath the dam, are danger; must feel, the very 
innermost recesses his consciousness, that the structure beyond 
all question. 

Water storage may provided many ways. The simplest 
that provided Nature the woods, where the litter the forest 
floor holds back the water and serves regulate the flow the 
streams. Complete water storage must begin with the forests the 
mountains, and any movement for full conservation the waters 


the 


the country must begin with full study forest protection. The 
Policies the Federal Government have now been determined along 
this line. far can done this late date, the National Forests 
the will preserved for the conservation the streams having their 


nes sources the mountains the West. 
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Next forest conservation comes the consideration engineering 
questions increasing the storage capacity natural lakes, 
making artificial lakes closing narrow outlets through which the 
drainage from some basin notable size escapes. Here where 
begins the large work the hydraulic engineer the location, de- 
sign, and construction dams. Their character various. the 
vicinity Denver are found almost all the types dams 
which have been built Man, from the rude timber and stone dam 
the lumberman through the earth dams, rock dams, and finally con- 
structures which characterize the present century. 

The distributing works, rule, not require such permanence 
construction massiveness design the storage works. They 
may modified rebuilt accordance with the development the 
country. There required, however, reasonable permanence 
these structures, for around them are grouped all the improvements 
made Man arid region. The irrigating canals soon serve 
sort base line delimiting the desert from the irrigated farms. 
property values are associated with the irrigating ditch, that its 
first location and construction governs all future land values. 
correct location may mean prosperity large section; incorrect 
location may mean permanent loss the community otherwise 
valuable areas land. 

The speaker wishes express his appreciation Mr. Anderson’s 
discussion, and emphasize, possible, some the points which 
makes, especially the position the engineer this great 
work water storage and conservation. the early days, 
has pointed out, each farmer could build his ditch according his 
own ideas. With the development the country and the realization 
that water limited quantity, while land practically unlimited, 
has come the appreciation the need accurate knowledge the 
water resources. There thus demand for accurate observation, and 
for skill utilize the results experience. water storage there 
may perhaps one the combinations most dangerous human life 
and property. Stored water, like fire, excellent servant but 
bad master. The States the West are recognizing this, and are 
creating strengthening their State engineering departments, 
order that they may supervise the construction large storage works. 

ordinary construction, mistakes are made they can usually 
rectified, but when the public enters upon this great work water 
storage, must have structures which will outlast the centuries. 
There should possible risk lives and property resulting 
from the direct destruction the reservoir, the lowlands, from 
the indirect loss which follows the loss the stored water. this 
the need good engineering coming recognized more and 
more. This meeting Denver will great aid our professional 
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friends the West strengthening the hands our local engineers 
that they may demand larger recognition the fact that the 
Engineer should dictate, rather than follow the desires the pro- 
moter, the man who wishes develop water. the past the 
engineers have been compelled cut too closely fit the amount 
money available. There coming about better recognition the 
fact that adequate funds must provided advance, order build 
structures which will reasonably permanent, and that this 
important full knowledge the water supply which can de- 
pended upon fill storage reservoirs. 

interesting note that the use temporary material, such 
wood, gradually being done away with irrigation works, 
favor more permanent construction. This may the age 
Western irrigation development. cement and 
concrete are being used more and more; concrete flumes, concrete 
turn-outs, and especially concrete storage dams are being built. This 
demand for being met the building cement mills 
different parts the West, and with the increasing demand there 
lower price. New supplies raw material are constantly being 
found; there hardly large county the West where materials are 
not found favorable for the making some form cement. There 
danger, however, going the extreme. has been found that 
some the smaller concrete structures have failed, crumbled, and 
necessary that investigations made the cause failure 
some recent concrete work. Such failure due, presumably, 
the strong alkali waters coming contact. with the cement. Chemical 
reactions, presumably not yet fully understood, take place between the 
sulphates the natural waters which are used certain extent 
irrigation connection with drainage. 


irrigation has suggested the speaker few thoughts which may 
perhaps not altogether devoid interest. has been stated that 
some irrigation works, where the water pumped from 
rivers, and where the country irrigated flat, has been found 
advisable construct near the head-gates the works settling 
basin grit chamber sufficient capacity reduce the velocity 
flow assure the deposition the heavy silt. 

Would not interesting consider for moment what 
called “mud,” and what harm good may irrigation works? 
evident that stone, gravel, and sand can good the land, 
but, the contrary, may much mischief accumulating the 
channels intended convey the water. the other hand, the fine 
“nud,” inorganic origin, which light and capable 
floating moving water, useful, partly close leaks the 
earth channels and partly fertilize the soil. Therefore, all irriga- 
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tion works taking water which usually occasionally muddy, 
would appear desirable provide some small works intended 
effect the division these two constitutents mud—the heavy 
grit, which prevented from getting into the irrigation system 
proper, and the light floating loam, which may allowed 
wherever the water goes. 

The second matter interest this: The water rivers gen- 
erally soft and particularly suitable for irrigation, but what about 
ground-water which contains lime and magnesia solution? The 
speaker well remembers the great interest taken the question 
water the Jury Horticulture the Paris Exhibition 1889. 
The members that jury were practical men. They knew the 
difference between watering plants with soft water and with hard 
water. They knew that the latter chokes the stomata the leaves, the 
partly evaporated and partly absorbed, but the lime salts are 
left behind deposit, and, seen through powerful microscope, 
would appear like limestone stalagmites. They also knew that hard 
water applied the ground feed ‘the roots unable take into 
solution the organic inorganic substances which are necessary 
the life the plants, and which soft water easily dissolves. other 
words, hard water brings about the anemia delicate plants 
closing the respiratory pores the leaves and coagulating turn- 
ing stone the soluble food the soil. The members the jury 
were much impressed this fact that they were the point 
recommending the use distilled water for watering orchids 
and other delicate house plants. When they found that hard well 
water could softened and made practically equal rain water 
softening processes, they showered medals and commendations the 
inventors. 

The speaker supposes that the National Government, engaged 
these great irrigation works, fully alive the desirability having 
accurate information the quality well the quantity 
water available, and upon its suitability different regions for raising 
the various kinds crops. 

When the East, and previously England and France, the 
speaker has often heard said that the waters the West were 
“alkali,” but has not found any one yet able willing tell what 
“hard” “soft.” considered “hard” when contains more than 
parts per million bicarbonate lime, sulphate lime, carbo- 
nate magnesia, and sulphate magnesia (counted carbonate 
lime); and “soft” when the total amount dissolved mineral solids 
less than parts. The salts above named can decomposed, 
precipitated, and separated from the water water-softening 
cesses, and this has been done extensively Europe order make 
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hard water suitable for drinking and for boiler use, for hot-water Mr. Maignen. 
systems, etc. 
Would not desirable that the chemists the National and 
State Governments, they have not already done so, should take 
the study “alkali” waters, and determine how far they are objec- 


tionable agriculture, and whether anything can done correct 
\- them ? 


== cv 


The third point suggested is: What “sour” soil? said that 
“sour” when refuses grow plants. What the cause 
the sterility such soil? that the roots are “drowned” 
water? that the seeds roots are eaten decomposed 
micro-organisms growing excessively wet soils? 
Or, that the soil itself has been poisoned the toxines soluble 
the metabolism the plants that have grown before, 
the toxines produced the micro-organisms actually growing 
the impoverished soil? 
The first these suppositions that commonly accepted. 
ato The second was suggested the speaker observation made 
the laboratory. Corn had been planted muddy material with 
her excess water. did not grow, and upon microscopical examina- 
tion was found have been reduced jelly-like paste, and worm- 
like were seen proximity the rotten corn. Was there 
ury any relation between the decayed grains and the animalcules? 
The third suppositon the object inquiry now being 
carried the chemists the Bureau Soils, United States 
well Department Agriculture, Washington, 
any member can give any information the subject “sour” 
the soil, will surely prove considerable interest all. 
Another subject may mentioned. filtering water and sewage 
has been found, over and over again, that coke excellent 
ving medium, but has always been deemed too expensive for 
large plants. that sand, gravel, and cinders have been 
sing generally chosen. has occurred the speaker that coke the 
best material for the purpose, should used, and the cost too 
the high, that cost should reduced finding new use for the coke 
were after has done duty filters. 
what these days, when everyone concerned the preservation 
the “natural resources” the country, and when the land being 
than impoverished for want fertilizing material, why should the mud 
arbo- collected filters washed away and returned the river? Should 
not collected and distributed the land with care? 
solids Has coke any value manure? should remembered that 
the word “manure” comes from the French word, 
pro- which means “working hand” “tilling.” Upon inquiry, the 
make speaker was encouraged study this feature, and thinks that 


can answer the affirmative. believes that new coke has value, 
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manure and soil sweetener, least equal its cost, and 
that when charged with “mud” from water filters sewage plants, 
has value excess its cost. 

“Tt improves the physical condition the soil, together with its 
water-holding capacity, particularly heavy clays.” 

helping darken the soil, “makes more absorptive the 
sun’s rays and therefore warmer.” 

New coke contains 56% cellular space. This cellular space 
absorbs water and gases concentrated form, and gives them 
later required. these natural qualities are added the nitro- 
genous matters derived from the solid residue water sewage 
filtration, the result product likely some value 
agriculture. 

The speaker has used coke several filter plants, but more par- 
ticularly what known the Belmont Preliminary Filter 
Philadelphia, dealing with 000 000 gal. water daily. Experiments 
made with the spent coke this filter plant have satisfied him the 
correctness the above views. 

The question the color the soil interesting. 


some the books agriculture may found the statement 


that dark soils may 14° warmer than light soils. One day, 
the temperature being below 40°, the speaker put his hand 
tuft black top soil which had been exposed the rays the sun 
for few hours. The earthy material warmed his hand. Coming 
back the same spot few hours later, the speaker suggested 
friend that should. put his hand piece coal which lay 
the ground. The coal warmed his hand. turned the piece coal 
upside down, and found that the under surface was warmer than 
the upper surface, and very much warmer than the surrounding 
atmosphere. 

Many have heard the experiment made Benjamin Franklin. 
put black cloth ice and the sun’s rays melted the 
ice quickly. put white cloth another piece ice under the 
same conditions, and the ice did not melt for long time. This 
evidently shows that black absorbs the sun’s rays more than white. 

Another observation made the speaker may worthy record 
this time. the filter plant designed him for Lancaster, Pa., 
which has now been working for some years, somewhat curious 
phenomenon was observed which may give room for thought and 
discussion. 

The filter plant composed fifteen beds, ft. wide and 150 ft. 
long, and filled with sand. seven the beds coating fine 
coke had been deposited the surface the sand. The coating 
was not more than in. thick, and the coke material used was 
fine lampblack—the surface looked black. Seven the other beds 
had coke, the sand being exposed the sun’s rays. There was 
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the same depth water above the sand all the filters—about in. Mr. Maignen. 
The plant was put service the end April. The filter beds were 

uncovered, that the full sunlight could act the water. After 

few days, the seven beds which had coke were literally covered with 

growth alge, like forest diminutive pine trees; the 

whole surface was green, but there was not the slightest trace alge 

green the seven beds which had the coke. The coke some 

the sterile beds was scratched spots that some the sand was 

exposed the action the light; the next day two alge grew 

over the exposed sand spots and not where the coke film was intact. 

What caused the difference? The water was the same, the sand 
was the same, the exposure was the only difference being 
the film coke. Were the coke filters sterile because the black 
material absorbed the sun’s rays, while the exposed sand the other 
filters reflected them? The speaker can offer reasonable explana- 
tion. simply states the fact for further investigation. 

Another phenomenon the same nature occurred South 
Bethlehem, Pa. filtered-water basin, the walls were made rip- 
rap. These stones had become black from the soot passing loco- 
motives. The superintendent the water-works, thinking that 
would show off the beauty the filtered water, whitewashed the stones 
above and below the water level. few days afterward beautiful 
crop green alge grew the whitewashed stones which were under 
the water, and gave some anxiety lest they should ultimately give 
bad taste the filtered water. After certain time the soot the 
locomotives blackened the stones again, the whitewash disappeared and 
the disappeared also. 

has been stated, over and over again, that necessary 
cover reservoirs containing filtered water protect from alge 
growth. The speaker not satisfied that this absolutely necessary. 
Alge not grow water which dirty full suspended clay, 
because may supposed that the suspended matter prevents the 
transmission light, but they grow profusely clear water. 

has been seen that black appears protection against the 
growth alge. The speaker, therefore, would suggest that further 
observations made along these lines. Perhaps may found 
that coat black asphaltum paint, applied the walls and the 
reservoir, will protect the water against the growth 
This, course, would more economical than roofing. The 
same kind experiment might made with the concrete portion 
irrigation works. 

which the engineers the West have more interest than those 
the arid countries, water the most valuable asset. The 
West, therefore, interested the greatest possible extension and 
possible use its water supply—in fact living depends it; 
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Mr. Fellows. 


agriculture, stock interests, and mining industries are very great 
extent dependent its proper conservation, and the important ques- 
tion naturally arises: What the best use that can made such 
supply? The problem very complicated one. The speaker has 
considered carefully the discussions this subject, particularly those 
Mr. Anderson and Mr. Follett, each whom presents many 
important matters. There are one two points, however, which the 
speaker will emphasize some extent, and also some suggestions which 
will add. 

few years ago, great engineer, Major Powell, master 
the subject the conservation and use water supply, devoted 
much study this great question. the time that made his well- 
known recommendations, had probably studied the subject more 
thoroughly than any other engineer, particularly with regard the 
use the waters the West. was his opinion that the greatest 
benefit would derived allowing the water used many times 
possible. For example—taking the Arkansas River illustra- 
tion—he said that its waters should stored high the mountains, 
for the development electric power, for mining, for lumber mills, 
for stamp mills, for the lighting cities, for transportation lines, and the 
other innumerable uses hydro-electric power. Then the water should 
stored again other reservoirs, and passed down the plains, 
where would serve for irrigation and other agricultural uses. Major 
Powell said Congressional Committee that the waters the 
Arkansas should used where they could used the best ad- 
vantage, which was along the cafion the Arkansas, about City, 


again about Pueblo; then, storage the side streams, they 


could used again, for example, the vicinity such valley 
that Rocky Ford, and down the river. The same conditions 
apply great many Colorado streams; for example, the South 
Platte River there are numerous reservoir sites which may utilized 
the development hydro-electric power the mountains, and the 
water released from these reservoirs and again stored others may 
used great advantage, even greater, irrigation below. 

The situation greatly complicated, however, the fact that 
the the irrigation ditches—the irrigation rights—are 
superior, some extent, time least, the later claims for power 
purposes; but there are certain features which must remembered. 
Water asset such great value and indis- 
pensable its prosperity, that must have the widest and best 
possible use. The western streams furnish water supply greater 
than required the irrigable lands under them; therefore, time, 
their waters will carried across the range much greater extent 
than they have been, because they will more valuable the 
eastern than the western slope. 


Attention called suggestion Mr. Follett regard the 
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use the waters the Colorado River. coming centuries the Mr. Fellows. 
best results the use the waters this river will undoubtedly 
obtained storing them great reservoirs the Rocky Mountains, 
and subsequently equalizing the flow the Grand, the Green, the 
Gunnison, the San Juan and other great streams that make the 
Colorado. Power will developed the result such storage; the 
the streams, after being equalized through these reservoirs, 
will used the irrigation great tracts land such those 
the Grand Junction; then the water will stored 
other reservoirs, perhaps the cafions the Green and the Grand, 
and then will used the Imperial Valley the way described 
Mr. Follett. The same may done the Rio Grande. true 
that there was considerable early use water the Rio Grande, but 
this, other things, “the old order changeth, yielding place 
new,” and, this river, also, there must be, time, the best and 
most extended use the water that possible. natural law, 
and cannot repealed. There higher type civilization the 
more temperate climates, and there the water will used the best 
advantage. 

Another example the San Luis Valley. The waters, eventually, 
will stored the mountains surrounding this valley, and used 
that locality. There are other important reasons why such asset 
this should used the best advantage. The water such 
localities will farther, and will serve more ground; other words, 
its duty will greater, more lands can irrigated, and, besides, there 
the return water from seepage which can re-utilized. 

suprising fact that fully one-third, some cases one- 
half, the total quantity water used irrigation returns the 
stream. the Black River New Mexico, for example, half the 
water used for irrigation returns the stream and used again. 
clear that such re-use water would not possible were 
required that must used lower down the river the 
expense the lands above. The South Platte might cited 
another example, the return waters being about one-third the total 
quantity used. If, for example, all the waters this stream were 
allowed flow the plains Nebraska, owing some early priority 
there, involving necessarily great losses transit, well the im- 
possibility securing the advantages return seepage, there would 
tremendous Joss Colorado. The same true nearly all the 
streams the West, for most them rise either Colorado 
Wyoming. Thus, the Grand River, there great surplus water 
going waste. the development Colorado the best possible use 
water depends turning least portion over the eastern 
side the range. Objections will made, but has been done, 
and will done again and again, until that point reached where 
the water supply shall have been most fully conserved. 
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will reproduced the volumes Transactions. Any information 
which will amplify the records here printed, correct any errors, should forwarded 
the Secretary prior the final publication. 


GEORGE IRVING BAILEY, Am. Soe. E.* 
Diep Marcu 1908. 


George Irving Bailey was English and Holland Dutch 
Dr. Solomon Bailey, his grandfather, was for many years promi- 
nent physician Bethlehem, Albany County, New York. Dr. James 
Bailey, Albany, his father, was one nine children, and was 
graduated the Albany Medical College 1853; practised Ala- 
bama and Texas, and was surgeon the Confederate Army between 
1861 and 1866, after which time practised Albany, New York, 
until his death, July 1st, 1883. Dr. James Bailey was married 
Frances Keith, Augusta, Georgia. The subject this memoir 
was great-great grandson John Keith, colonial soldier who 
fought the Battle Lexington. 

George Bailey was born Hempstead, Texas, December 
24th, 1861, and was graduated the Albany High School the class 
1880. 

entered the Department the State Engineer and Surveyor 
September, 1880, was rodman November, 1884, then leveler 
construction until November, 1885, then draftsman the Department, 
and was appointed Assistant Engineer Charge September, 1887, 
and continued until June, 1892. Assistant Engineer, had 
charge the lengthening number the locks the Erie Canal, 
designing and making plans for and building the culverts, waste-weirs, 
retaining walls, and iron bridges along the line the State’s canals, 
and making miscellaneous surveys for the State, and defending suits 
against it. 

was charge the survey for the storage dam across the 
Genesee River, and conducted tests for the tensile and crushing 
strength concrete connection with this dam. These tests were 
among the earliest this was appointed Superin- 
tendent Water-Works Albany, New York, June, 1892. 
May 16th, 1892, new Board Water Commissioners had been ap- 
pointed, and the late Sweet, Am. E., former State 
Engineer and Surveyor, having been chosen its President, requested 
Mr. Bailey sever his connection with the State work and accept this 
Mr. Bailey held the position Superintendent Water- 
Works Albany until February, 1902, and while that office some 
the most valuable work his life was accomplished, the complete 
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record which fortunately preserved his annual reports, which 
are models painstaking application. 

was first engaged with his routine duties, but, the same 
time, was deeply interested the proposed new water supply from 
Kinderhook Creek, and attended much the work necessary de- 
the scheme. This plan, however, was denied support, the 
necessary legislative action being withheld, and, acting under new 
Board Water Commissioners which supplanted that which Mr. 
Sweet was President, assumed charge the installation new 
pumps for increasing the supply raw water from the river 
15000 000 gal. per day. connection with this work, planned and 
supervised the laying 11200 ft. 30-in. main. continued his 
interest the Kinderhook Creek development, which hoped might 


supplant the use the river water, and supervised the continued weir 


measurements for that source supply, reporting the new Com- 


mission, January Ist, 1895, regard these weir measurements, 


follows: 


“An examination these records will show that, notwithstanding 
the protracted and severe droughts the summer, all claims made 


the sufficiency the creek means supply have been sus- 
tained.” 


Mr. Bailey’s fifth report, dated January 30th, 1897, the matter 


the filtration the river water was first discussed him. The 
city was this time hopelessly involved the continued use the 


water the Hudson River its chief source supply, and was 
apparent that filtration was the only resource for improving the un- 
sanitary condition the water. Mr. Bailey made personal visits 
various filtration plants, and the matter was finally submitted 
Allen Hazen, Am, Soc. E., consequence whose recommen- 
the slow sand filters were adopted preference 
with chemical precipitation solids, which had strong advo- 

The slow sand filter project was the Common 


Council February 13th, 1897, the estimated cost being $478 000. 
The plans were approved April 19th, the same year, and Mr. 
was appointed Chief Engineer, and, under the joint super- 


vision Mr. Hazen, Mr. Bailey, and the Water Commissioners, the 
were successfully completed. 

Mr. Bailey’s seventh, eighth, ninth, and tenth reports are filled 
with valuable descriptions the construction the filters, and with 
their operation and the consequent decrease the 
death-rate the City Albany. These reports, relating 


development the filtration works—which were regarded 


and visited from all parts the United States—are the 


highest value the engineering profession. They are profusely illus- 


and, their entire preparation, show Mr. Bailey’s interest and 
care. 
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Upon the cessation Mr. Bailey’s superintendency the Albany 
Water-Works, undertook work for the development ice plant 
near Albany, utilizing the overflow the Maezlandt Kill, one the 
sources Albany’s water supply. The ice-collecting ponds 
planned Mr.. Bailey have been successful use since their com- 
pletion him the summer 1902. The upper pond has con- 
crete dam ft. height, while the lower pond formed the con- 
struction extensive dam earth with maximum height 
about ft. 

Late the fall 1902, Mr. Bailey was called New York City 
undertake the completion some defaulted contracts the Bor- 
ough the Bronx. These were administered satisfactorily his 
employers that his relations with them continued cordial 
nature until his death. Mr. Bailey resolved continue the business 
contracting and consulting engineer the Borough the Bronx 
and did with great success until the close his career. se- 
cured contracts and successfully completed that Borough the regu 
lating, grading, curbing and flagging many streets, avenues and 
roads. also constructed sewers Boston Road and Bryant 
Avenue. the time his death, had under way, and about one- 
third completed, water filtration plant Yonkers, New York. 

1898, Mr. Bailey married Mrs. Eva Fish (née Williams), 
Utica, New York. Four children were born them: William Weaver, 
Lois, Helen, and Catharine. 

While apparently perfect health, was stricken with heart 
trouble his home the Bronx the afternoon Friday, March 
27th, 1908, and died the next morning before his brother, Dr. Theodore 
Bailey, could reach him from Albany. survived his 
widow and his four children, his mother, one brother, Dr. Theodore 
Bailey; two sisters, Mrs. John Kaley and Miss Corrine Bailey, 
all Albany, New York. 

Mr. Bailey was elected Member the American Society Civil 
Engineers October 1890. joined the New England Water 
Works Association December 14th, 1892, and continued his connec- 
tion with that Association until December 31st, 1906. was mem- 
ber the Masonic fraternity, having attained the distinction the 
thirty-second degree. was elected member the Albany Club 
January 28th, 1893, acted its Secretary from May 1901, 
May 1903, and resigned October 1st, 1903. During the past 
few years was member the Contractors’ Association, the 
Bronx, and was active its development. was also member 
various social organizations New York City. 

Mr. Bailey’s contributions engineering literature are entirely 
connection with his water-supply work. addition the valuable 
reports comprised the volumes municipal records the City 
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Albany, wrote several communications for Engineering News. 
His discussion* Mr. Hazen’s paper, “The Albany Water Filtration 
Plant,” relates the operation the filters. Mr. Bailey contributed 
the Journal the New England Water Works Association 
article concerning the care fire hydrants winter. His article 
entitled: “The Effect Water Meters Water Consumption the 
Larger Cities the United States,” was reprinted the Journal 
the New England Water Works Association June, 1901, the editor 
stating that the paper contained much valuable information 
warrant its republication without apology. the 1901 Convention 
the American Water Works Association Mr. Bailey presented 
paper “The Albany Filtration Plant, and Some the Results Ob- 
tained.” 

Mr. Bailey was diligent and persevering worker, and obtained 
the success that comes from painstaking application. His friends testify 
his personal worth: Crane, Assoc. Am. Soe. E., writes: 
“Mr. Bailey was universally esteemed all the contractors and city 
with whom came contact unusual degree,” and 
this writer closes saying: “thanking you for the opportunity 
what little may memory one for whom felt the greatest 
affection.” 

Chapman Johnson, Am. Soc. friend long standing, 
says 

“He was one best and dearest friends, and the news his 
death sad shock me. Mr. Bailey was man in- 
domitable energy and will power and the strictest integrity. His 
success due persistent insistence theories arrived and 
from inflexible integrity motive.” 

Mr. Hazen, who was long his associate, adds: “Mr. Bailey was 


big-hearted man, good friend, and one who could always counted 
on.” 


DECEMBER 1907. 


Richard Milford Berrian was born New York City May 
1850. was educated the public and private schools that 
city, his attention being given principally such studies would fit 
him for engineering work. 1869, the age nineteen, en- 
tered the employ the New York and Harlem Railroad Company 
draftsman the Engineering Department under the late Isaac Craig 
Buckhout, Am. E., who was that time Superintendent 
and Chief Engineer the Harlem Railroad. was promoted 


Transactions, Am. Soc. E., Vol. 296; abstract this discussion may 
found the Journal the New England Water Works Association, Vol. 14, 329, 
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1871 the position Assistant Engineer charge the construc- 
tion terminals the Grand Central Station, and, the following 
year, was made Division Engineer charge portion the im- 
provement the Harlem Line Fourth Avenue between Forty- 
second Street and the Harlem River, New York City, for the 
elimination grade crossings and the construction four tracks. 
This position Mr. Berrian held until the completion the work 
1876, from which time until 1890 had supervision several 
important works, notably the survey and construction the Manhat- 
tan Beach Railroad, Assistant Engineer; the Boston, Hoosac Tun- 
nel, and Western Railway, Assistant and Chief Engineer, and 
Division Engineer for the location and construction the Buffalo Di- 
vision the New York, Lackawanna, and Western Railroad. 

From 1890 1907 was continuously the employ the New 
York, New Haven, and Hartford Railroad Company charge 
numerous large and expensive works, among which are the improve- 
ments through South Norwalk and Bridgeport, the construction four- 
track draw-bridges across the Connecticut River, Pequonnock River, 
and Norwalk River, the six-track lift bridge across the Fort Point 
Channel the South Terminal, Boston, Massachusetts, and the 
time his death was charge, Chief Engineer, the con- 
struction the bridge over the Taunton Great River Fall River, 
under the direction joint committee composed the Railroad 
Commissioners, the Harbor and Land Commissioners Massachusetts, 
and the County Commissioners Bristol County. 

Mr. Berrian was one the ablest engineers his day. expert 
draftsman, his designs were definite, accurate and easily understood. 
His modesty all professional matters was such that his ability was 
only known those with whom came personal contact. 

was successful all his undertakings, putting his whole 
strength and time into the work that had hand, and, although 
was very exacting requiring his plans and orders carried 
out promptly and accurately, was quick recognize merit and 
givé full credit all his employees for their work, commanding their 
respect and that his employers. 

Mr. Berrian was elected Member the American Society 
Civil Engineers May 4th, 1887. 


JOHN EDWIN EARLEY, Am. Soc. E.* 


1907. 


John Edwin Earley was born Walpole, Massachusetts, De- 
cember 1842, and was Puritan stock, his father being John 
Earley, and his mother Sarah Otis, Scituate, Massachusetis. 


Memoir prepared Francis Webster Blackford, Am. Soc. 
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was fitted for college Phillips (Exeter) Academy, and was graduated 
from Union College, the class 1867, with the degree Civil 
Engineer. His studies college were interrupted for nearly two years 
service the Union Army, the War the Rebellion, volun- 
teer the 16th Massachusetts Battery, which was part the Army 
the Potomac. His army service was from March, 1864, until 
was mustered out, July, 1865. 

After graduation, and until 1873, Mr. Earley was employed 
Assistant Engineer the construction the Portland and Ogdens- 
burg Railway, the Johnston and Glenerville Railway, and other en- 
gineering work New England. 

1873 went the Cincinnati Southern Railway Resident 
Engineer charge the first residency, Division “E,” and remained 
there until the completion the work, 1876. His residency covered 
the work from Somerset, Kentucky, the south side the Cumber- 
land River, some the heaviest and most difficult work that rail- 
way, which was noted for the excellency and permanency its con- 
struction, especially the masonry work. This work was distinct 
departure from the ordinary railway practice America, and elicited 
favorable comment from European technical journals the period. 

For time after 1876, Mr. Earley was the Government employ, 
the improvement the Tennessee River near Florence, Alabama. 

From 1879 the summer 1881, was engaged the surveys 
the Atchison, Topeka and Santa Railway, New Mexico and 
Arizona, being times harassed hostile Indians and most the 
time working under the protection military escort furnished 
the United States Government. 

the summer 1881 Mr. Earley crossed the line into Mexico, 
and thereafter, and until the time his death, played important 
part the development that Republic, occupying many positions 
importance and trust, among which were the following: 

1881-82, was Principal Assistant Engineer the late 
Morley, Am. Soc. E., Chief Engineer the Sonora Railway. 
From November, 1882, April, 1883, was Principal Assistant En- 
gineer Lewis Kingman, Am. Soe. E., then, now, Chief 
Engineer the Mexican Central Railway. From 1883 1887 Mr. 
Earley’s work was near Guadalajara, Mexico, first Chief Engineer 
the surveys and construction work the rough country lying between 
there and Tepic, described the late Wellington, Am. 
surveying and building the Guadalajara Branch the Mexican Cen- 
tral, which was Chief Engineer. 

Subsequently, Mr. Earley was Chief Engineer the Mexican 
Southern Railway, and located this road from Puebla Oaxaca 
through very rough and difficult country; the road, however, was 
built English construction company under its own engineer. 
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was also for time Chief Engineer the Cuernavaca Railway 
during its construction from the City Mexico the Balsas River, 
and later had charge improvements and changes the line the 
Interoceanic Railway between Mexico City and Vera Cruz. 

After 1902 Mr. Earley was engaged general engineering prac- 
tice, with office the City Mexico, and, the time his death, 
was Consulting Engineer and Director the Tlahualillo Cotton 
Company and also the Guerrero Iron and Timber Company, which 
developing large tracts mineral and timber lands the State 
Guerrero, Republic Mexico. 

Auburn, Maine, January married Miss Etta 
Sawyer, daughter James Sawyer. This was followed thirty-five 
years congenial companionship, for Mrs. Earley accompanied her 
husband wherever was practicable for woman go, and shared the 
hardships and wanderings incident the lives many engineers. 
She survives him. 

Mr. Earley was Chairman the Entertainment Committee the 
Annual Convention the American Society Civil Engineers 
the City Mexico July, 1907, and soon after that meeting went 
the United States, where spent several months among his old 
friends and the haunts his boyhood Massachusetts. This was 
pleasant finale long and useful, and more less arduous, life; 
for, returning Mexico, while the steamer was lying the Port 
Progreso, suffered stroke paralysis from which 
never recovered, and from the effects which died few months 
later the beautiful home the City Mexico which his industry 
had created and his good taste embellished with many evidences 
refinement and culture. 

Mr. Earley was man sterling character, and 
large experience and good judgment, which his work bears evidence. 
had cordial, sociable, generous disposition, and was entertain- 
ing talker. His reminiscences early experiences the Western 
countries and Mexico could always command attentive listeners. 

Mr. Earley was elected Member the American Society Civil 
Engineers April 15th, 1876. was also member the Masonic 
Fraternity and the Grand Army the Republic. 


OTHNIEL FOSTER NICHOLS, Am. Soc. E.* 


4TH, 1908. 


The shock which invariably felt the tidings the death 
active man full health and vigor was experienced the many 
friends Othniel Foster Nichols when they learned that his life had 
gone out instantly and without warning the early morning Febru- 
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ary 4th, 1908, his home, No. Gates Avenue, Brooklyn, New York. 
All the day before had been actively engaged his professional 
duties the Department Bridges, had lunched with group his 
friends the “Engineers’ Table” the Astor House, when was 
jovial and affable was his wont. 

was descended from Rhode Island families which had taken 
prominent and the affairs the State, and whose 
ancestors settled the Rhode Island Colony early the seventeenth 
century. The son Thomas Pitman and Lydia Foster Nichols, 
was born Newport, Rhode Island, July 29th, 1845. Early his 
life the family moved Brooklyn, New York, where attended the 
public schools, and 1862 entered machine shop, where was em- 
ployed for several years before beginning his professional training 
the Rensselaer Polytechnic Institute, from which was graduated 
with the degree Civil Engineer 1868. This practical and theoreti- 
training, with capacity for persistent and faithful work, made 
him resourceful man who could readily adapt himself any con- 
ditions. Immediately after graduation was employed the develop- 
ment Prospect Park, Brooklyn. 

Mr. Nichols took part building the first elevated railroad New 
York City, and taught mathematics the evening course Cooper 
Union, and 1870 became member the engineering staff Cooper, 
Hewitt and Company. 1871 went Peru, where was engaged 
for four years the difficult work locating and constructing the 
Chimbote and Huaraz and the Lima and Oroya Railways. Returning 
the United States 1876, became Assistant Engineer and Super- 
intendent the Edgemoor Bridge Company the contract that 
Company for building the Sixth Avenue Elevated Railway New 
York. Owing delays this work, caused injunctions, joined 
the engineering staff the Department Parks, which had charge 
the work developing the annexed district, now the Borough the 
Bronx. 

1878 again went South America, Resident Engineer 
the Madeira and Mamoré Railroad, Brazil. This project ended 
disaster, and Mr. Nichols was obliged London connection 
with litigation growing out it. 1879 became Assistant Engi- 
neer the bridge shops the New Jersey Steel and Iron Company, 
and 1882 became Resident Engineer the Louisville and Nash- 
ville bridge across the Ohio River Henderson, Kentucky. Upon the 
completion this structure, 1886, Chief Engineer the 
water-works Westerly, Rhode Island, but after short time re- 
signed take part again the development the Elevated Railway 
system New York City, this time Principal Assistant Engineer 
the Suburban Rapid Transit Company building what now the 
Third Avenue line the Borough the Bronx. 1888 became 
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Chief Engineer the Brooklyn Elevated Railroad Company, which 
capacity designed and built large part the elevated lines be- 
longing that company, while 1892 became General Manager 
the Company. When the “New East River Bridge Commission” 
was organized, 1895, and Leffert Buck, Am. Soe. E., be- 
came Chief Engineer, Mr. Nichols was appointed Principal Assistant 
Engineer, and with this great structure, now known the Williams- 
burg Bridge, was closely identified from its beginning. 1904 
Chief Engineer the Department Bridges, which office 
held for two years, and from 1906 until the abrupt end his life 
was Consulting Engineer the same Department. was therefore 
closely identified with the design and construction all the great 
bridges across the East River, except the Brooklyn Bridge. 

this brief outline will show, Mr. Nichols’ professional life was 
one unusual activity, and, while his experience was varied, his time 
and energy were devoted chiefly structural work, and during his 
later years some the world’s greatest bridges. 

Mr. Nichols showed keen interest and took active part pro- 
fessional organizations other than this Society. became Member 
the Institution Civil Engineers Great Britain February 
1892, and 1897 the Institution awarded him the Telford premium 
for his paper, “The Brooklyn Elevated Railway.” became Men- 
ber the American Society Mechanical Engineers 1896, was 
Member the Brooklyn Engineers’ Club, and its President 1904, 
Member The Municipal Engineers the City New York, and 
its first Vice-President. was, the time his death and for some 
years previously, President the Engineering Department the 
Brooklyn Institute Arts and Sciences. was also member 
the Engineers’ Club New York, the Crescent Athletic Club, and 
the Municipal Club Brooklyn, trustee the Polytechnic In- 
stitute Brooklyn, and member the Vestry St. Luke’s 
Protestant Episcopal Church Brooklyn. was always active 
the Alumni Association the Rensselaer Polytechnic Institute, and 
1895 delivered the address the graduating class that institu- 
tion. 

Well read the best literature, and observant traveler, was 
forceful writer and speaker, and companion was entertaining 
and delightful, with great fund anecdote and reminiscence drawn 
from extensive travel and large acquaintance. Men great profes- 
sional attainments and mental power are often lacking those 
human qualities which make them loved well honored; but such 
qualities Mr. Nichols possessed unusual degree. keen sense 
honor his business and professional relations; unassumed 
pleasure the success his friends, and warm sympathy their 
reverses; readiness help those who needed assistance, not only 
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advice and good counsel drawn from his broad experience, but giv- 
ing his substance; his friends unswerving loyalty which did 
not stop consider his own personal interests—these are the qualities 
which made for him host friends, each one whom felt deep 
sense personal loss when they heard his untimely death. 

not often that man mature years who has attained high 
professional standing live interest young men just begin- 
ning their life work. Many students and young engineers found 
Mr. Nichols ready, sympathetic, and patient listener whom they 
could confide their perplexities and their disappointments, their hopes 
and ambitions, without danger cynical comment caustic criticism. 

His active, useful, unselfish life, full buoyant hope, and enriched 
rare capacity for the enjoyment friendship and association 
with his fellows, came its close without waning power impair- 
ment vigor, and left fine example honor, loyalty and rectitude. 

Mr. Nichols was elected Member the American Society Civil 
Engineers June 7th, 1876, was always active the affairs the 


Society, and served member the Board Direction 1892 
and 1893. 


GEORGE EDWARD THOMAS, Am. E.* 


Diep Marcu 1908. 

George Edward Thomas, born September 21st, 1841, Haver- 
fordwest, South Wales, Great Britain, was the son John and Eliza- 
beth (Walters) Thomas, and one the youngest ten children, seven 
girls and three boys. received his early education the Grammar 
School Haverfordwest and the National School Pembroke Dock. 
July, 1856, entered Her Majesty’s Academy, Pembroke Dock 
Navy Yard, and, upon his graduation, served under Oliver Lang and 
John Inman Fincham, remaining until the spring 1870. 

showed such marked energy and ability youth that, when 
resigning from Her Majesty’s service, his commanding officer first 
refused grant his 

October 1864, Mr. Thomas married Elizabeth Anne 
Jones, Pembroke Dock; and, their five children, two daughters 
and son survive. 

July, 1870, Mr. Thomas moved Chicago, where 
made his home until 1901, though his varied professional interests 
were largely other fields. 

From 1870 1877 was with the Central Railroad 
under Mr. Clark, Chief Engineer. During this time had 
charge the the superstructure for the first ft. 
breakwater for the Government Harbor, Chicago, and also the lake- 
Memoir prepared the Secretary from material furnished Mr. Thomas’ 
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shore protection for the Illinois Central Railroad. Later, put the 
and fitted out the transfer boats for that railroad Cairo, 

1877 Mr. Thomas entered the employ William Sooy Smith, 
Am. E., pioneer the use pneumatic caissons for 
foundations, and had charge building and placing pneumatic 
caissons for bridge over the Missouri River, Glasgow, Missouri, 
for the Chicago and Alton Railroad. 

1878 was with Mr. Cooley work for the Federal 
Government the Missouri River Nebraska City, Nebraska. 

1879 had charge building and sinking pneumatic caissons 
for bridge over the Missouri River Plattsmouth, Nebraska, for 
the Burlington and Missouri River Railroad. 

1880 was called bridge over the Red River Arkansas 
for the St. Louis, Iron Mountain and Southern Railway. 

the fall 1881 was with General William Sooy Smith build- 
ing bridge for the Charleston and Savannah Railway Hardyville, 
South Carolina. Later, put the foundations for bridge over 
the Yazoo River, near Vicksburg, Mississippi. 

Early 1883 Mr. Thomas had charge the installation ma- 
chinery for the Railroad Appliance Exposition Chicago, which 
the late Mr. John McGregor Adams, the Adams and Westlake Com- 
pany, Chicago, was President. Later the same year Mr. Thomas 
built the first electric railroad for traffic the Louisville, Kentucky, 
Exposition, for Mr. Adams, this road having been exhibit the 
Railway Appliance Exposition Chicago. Many professional men 
the present day will remember the pioneer engine, the old 
Comparing this first power-house his construction with the great 
power-house 59th Street, New York City, which was the 
Supervising Engineer, Mr. Thomas once wrote: 


“The horse-power developed Louisville, required run the first 
electric railroad, equalled fifty; the horse-power developed the 59th 
St. Power-House equals 142000. The horse-power Louisville 
represented all the then used electrical power for street railroad pur- 
poses, and that the 59th St. Power-House, not one-half the amount 
required the City New York; all this change and improvement 
just twenty-one years.” 


later years, apropos Mr. Thomas’ appointment Supervising 
Engineer this great New York City Subway power-house, Mr. 
Adams wrote: 


“Am much pleased know the place that has sought you. 
great compliment your ability and skill, and satisfied 
one could fill more satisfactorily than you.” 
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1883-84 Mr. Thomas had charge building and sinking the 
pneumatic caissons used the construction the bridge over the 
Susquehanna River Havre Grace, Maryland, for the Baltimore 
and Ohio Railroad, and, for that railroad, built and sunk the pneu- 
matic caissons and had full charge work bridge over the 
Schuylkill River Philadelphia, Pennsylvania. 

His many years practical experience subaqueous work made 
him expert that branch his profession. Concerning their mutual 
relations, General Sooy Smith writes: 

“During the many years his association with us, occupied 
very important and difficult positions, and discharged his whole duty, 
every one them, with rare fidelity and ability, contributing largely 
our success the great works carried out with his valuable 
assistance. was indefatigable his diligence, and his ingenuity 
and skill made him equal every emergency.” 

1886 Mr. Thomas had charge and sunk the shafts and drifted 
300 ft. the Canadian side, and 100 ft. the American side the 
St. Clair River Port Huron, Michigan, for preliminary tunnel 
under the river for the Grand Trunk Railroad. 

had charge of, built, and sunk the pneumatic caissons for the 
Huntington system, over the Ohio River Cincinnati, Ohio, 1887, 
and also, later, made borings for the proposed bridge Vallejo Junc- 
tion, California, for the same system. 

August, 1888, Mr. Thomas assumed full charge sinking 
shaft for the Chapin Mining Company, Iron Mountain, Michigan, 
for the Sooysmith-Poetsch Freezing Company. was the first shaft 
sunk Poetsch method the United States, and was brought 
successful issue the early spring 1889. 

Charles Sooysmith, Am. Soc. E., writes, regarding their 
many years intimacy: 


“His courage was inspiration that pushed many great under- 
taking speedy completion, and always helped those below and those 
with him work with spirit and happiness.” 

1889-90 Mr. Thomas had charge the construction the Lubec 
Narrows Light House, Lubec, Maine. This, together with the 
Shubenacadie Bridge South Maitland, Nova Scotia, considered 
among his most difficult works, both being located the Bay 
Fundy. 

Quoting Mr. Thomas, discussion his paper “Piers Mid- 


Railway Bridge, Shubenacadie River, South Maitland, Nova 


made all the borings and all the surveys New York harbor 
from Cortlandt street Ft. Tompkins and the Kill von Kull, for 

proposed tunneling, ete., which done under New York City.” 
This was for the Roberts-Corbin Syndicate, 1892. 


Journal, Western Society Engineers, Vol. VI, 1901, 172. 
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1892-93 Mr. Thomas had charge of, and sunk part the caissons 
for the New Central Bridge over the Harlem River, New York City. 
was transferred take charge sinking the pneumatic caissons 
under the Manhattan Life Building, New York City. 

From 1894 1897 Mr. Thomas was engaged civil and con- 
sulting engineer Chicago, Illinois, among his works being new piers 
for the Glasgow Bridge, construction contracts for the Lake Street 
“L” Railroad Chicago, and the erection railroad bridge the 
St. Joseph River, near Benton Harbor, Michigan. 

From October, 1897, October, 1898, was called finish 
building ten piers and several abutments previously begun for the 
New York and Ottawa Railroad Bridge, Cornwall, Ontario. the 
conclusion that contract became associated with the 
Contract Company, and for them executed the following works: 
the winter 1898-99 the extensive repairs the large dam the 
Royal Company Chambly Canton, Quebec; and the 
working seasons 1899 and 1900 the construction the piers for the 
Midland Railroad Bridge South Maitland, Nova This was 
very difficult work, required the placing and sinking five 

caissons river having rise and fall tide from 
ft., and current from miles per hour. Operations 
had carried between tides, owing the fact that the incoming 
and outgoing water would carry out all unsecured work. 

the spring 1900 started the shafts for the Derby Lead Com- 
pany, Elvins, Missouri. the summer 1901 Mr. Thomas took 
charge the construction the foundations for the Marine Engineer- 
ing Building the Naval Academy, Annapolis, Maryland, for the 
Snare and Triest Company, New York City. the spring 1902 
resigned, and accepted the position engineer for Noel and 
Thomas, Baltimore, Maryland, contractors for the construction 
the Cadet Quarters the Naval Academy. 

the fall 1902 Mr. Thomas became Supervising Engineer for 
the Interborough Rapid Transit Company, New York City, the 
construction its main power-house 59th Street and North River, 
work immense magnitude, and costing about 000 000. 

his paper,* “Deep and Bridge and Building Founda- 
tions,” Mr. Thomas describes many details the difficult foundation 
work done him, and some his experience with the freezing process 

for sinking shafts through water-bearing soil described his dis- 
cussion the papert “Freezing Aid Excavation Unstable 

March 1906, became supervising engineer for Mr. Francis 
Kimball, Architect, the Brunswick Building, New York City, 
and June was transferred Mr. Kimball supervise the con- 


Journal, Western Society Engineers, Vol. 1896, 487. 
Transactions, Am. Soc. E., Vol. 1904, 487. 
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struction the City Investing Building, 34-story structure Broad- 
way and Cortlandt Street, New York City. was engaged this 
work the time his death. Concerning him, Mr. Kimball writes: 


“His experience and skill his profession were great value, and 
regret that his mantle cannot fall someone who would able 
his work. has taught many what they know, but know 
one clear headed time need. Mr. Thomas leaves his 
family splendid reputation for skill his calling, and rugged, 
honest nature which stood out bold relief among his fellows. 
one knew him who did not respect him, and his loss deplored all.” 


Mr. Thomas always commanded the confidence those served 
and those who served under him. The former trusted him because 
his ability, because what undertook carried through success- 
fully; while the latter, who worked with him, worked for him. 
had their confidence because was leader who could not only direct 
but could practically carry out his plans. Men were always willing 
follow him. his hazardous undertakings never ordered man 
where himself would not personally lead. was man rare 
executive ability, and his advice and services were always demand. 

Mr. Thomas was active worker church affairs, and the time 
his death was steward and class leader St. Andrew’s Methodist 
Episcopal Church, New York City. was also Knight Templar. 
man, however humble, who ever came him for help counsel 
went away empty-handed. had good word and smile for all. 
His men not only respected but loved him. 

response the many requests made have him write the story 
his life, his invariable reply was, “Oh, I’m too busy living; wait till 
retire.” has written his life the hearts his fellow men, and 
the towering tablets his great and successful works. 

was elected Member the American Society Civil Engi- 


neers October 5th, 1898, and was for many years member the 
Western Society Engineers. 
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NICKEL STEEL FOR BRIDGES.* 


November, 1903, the writer began series experiments, upon 
the comparative values nickel steel and carbon steel for bridge build- 
ing, for the purpose preparing from them exhaustive economic 
study the subject “Nickel Steel for Bridges.” These experi- 
ments extended over three years. 

The first step was collect and read all the literature upon nickel 
steel bearing upon the subject, and, this was rather meager, the 
task was soon completed. Although much was learned this way 
concerning nickel steel general, little was ascertained about the 
composition the alloy most suitable for bridge building. 

the outset, the writer retained the Osborn Engineering Com- 
pany, Cleveland, Ohio, conduct the experiments, under his im- 
mediate direction and supervision; and Osborn, Am. 
E., the President that company, first gave his personal atten- 
tion the work, but, soon was laid out, George Saunders, 
Assoc. Am. Soc. E., was placed charge for the company. 


*This paper, originally prepared, was much longer and more elaborate than 
herein given; but, for the sake space, its dimensions have been reduced 
every possible way that did not injure its continuity militate materially against its 
ultimate object. The original paper with its six appendices found the Library 
the Society, where those who desire any the detailed information contains and this 
paper does not, may refer gives every the development the investiga- 
tion, and shows how the writer’s ideas and intentions were modified from time time 
the inquiry proceeded, may prove interest those who are contemplating making 
important engineering investigations. 


This paper will not presented any meeting, but written communications the 
subject are invited for publication with Transactions. 
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order ascertain what was known nickel steel suitable for 
bridge building which had not been recorded print, the writer, 
company with Mr. Osborn, made trips Pittsburg and Pencoyd 
consult with various officers and employees the Carnegie Steel Com- 
pany and the American Bridge Company. The result these visits 
was very satisfactory; for much valuable information was thus ob- 
tained, and some material from two old melts nickel steel was se- 
cured for the preliminary testing. 

the initiation the work, lay-out tests covering the entire 
proposed investigation was prepared, and this was followed quite 
closely; nevertheless, the testing proceeded, appeared advisable 
drop certain tests and add others. One large group had 
abandoned account expense, involved the provision an- 
other large melt nickel steel; but from number tests some 
other nickel steels the necessary deductions could made. 

The initial lay-out the work involved the following: 

determination the proportions nickel and carbon 
that will provide steel the highest ultimate strength and elastic 
limit, consistent with perfectly satisfactory manipulation the metal 
the shops, and with absolute safety the operation structures 
built it; 

2d.—The making complete series tests the nickel steel 
steels adopted standard, and corresponding series tests 
the ordinary carbon steel used the manufacture bridges, 
determine the values all intensities working stresses for nickel 
steel 

preparation thorough and minutely detailed set 
specifications governing the designing railroad and highway bridges 
nickel steel; 

preparation diagrams weights metal per linear 
foot span, for all ordinary types both single-track and double- 
track railway bridges, and for all spans, from that the shortest plate 
girder that the longest practicable cantilever, all designed 
for modern live loads and according standard specifications, these 
diagrams establish the weight curves for structures entirely 
steel, those entirely nickel steel, and those mixed nickel 
and carbon steels, which the latter material used for all parts 
where there would advantage having the stronger metal; 
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preparation set diagrams giving comparison 
the total actual costs per linear foot span for metal erected 
nickel-steel and carbon-steel structures, and mixed-steel and carbon- 
steel structures, for all the bridges which the weights were dia- 
grammed, and for all possible pound prices for carbon steel erected 
(varying cent), and for all possible variations pound prices 
manufactured nickel steel and manufactured carbon steel delivered 
the bridge site. These diagrams would enable anyone perceive 
glance the economics nickel steel for all standard types rail- 
road bridges and for all possible conditions the metal market; and, 
moreover, they would good for all time, provided the characteristics 
the two metals remained constant. 

The initial step making the investigation was, course, de- 
termine the best percentage nickel use. first thought, this 
appeared purely commercial question, the idea being that the 
greater the percentage nickel the greater the strength the alloy, 
but, the same time, the greater the cost per pound, and that, con- 
sequently, there must some one percentage nickel which more 
economical than any other. This true enough, but the enquiries 
made Pittsburg indicated that when the percentage nickel exceeds 
certain amount (then not determined definitely) the material be- 
comes too refractory for shop manipulation too expensive manu- 
facturing. 

the outset the writer had expected that would necessary 
make number small special melts nickel steel containing 
varying proportions nickel, carbon, and possibly manganese, 
order settle the question the best composition for the alloy; but 
the enquiries referred and the preliminary tests the specimens 
nickel steel secured enabled him determine this point without 
that necessity. Curiously enough, the superior limit nickel for 
workability bridge shops varies but little, any, from the economic 
amount based present prices steel and nickel. For plates and 
shapes, which form the principal part bridge superstructures, any 
materially greater percentage nickel than renders the alloy too 
refractory for the various shop manipulations which would 
subjected manufacturing into bridges, although superstructures 
built steel still higher nickel would perfectly safe and satis- 
factory for operation. 
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The writer learned also, both enquiries and the preliminary 
tests, the best percentages carbon adopt for nickel steels the 
various kinds required bridge building; and the opinion 
that any elaborate investigation this question that might made 
would not modify his conclusions materially. These best percentages 
carbon will indicated later, connection with the discussion 
the tests. For the present will suffice make the general statement 
that the greater the percentage nickel the alloy the greater the 
permissible amount carbon, far safety against brittleness 
concerned; and that, the addition carbon the steel costs noth- 
ing and adds materially both the ultimate strength and the elastic 
consideration workability the shop and safety operation 
structure will permit. 

After making the enquiries Pittsburg and Pencoyd, the writer, 
consultation with Mr. Osborn, adopted the following maximum per- 
centages impurities the nickel steel reeommended for bridge work: 


the same time was decided leave acid open-hearth steel out 
consideration, and assume that structural nickel steel will 
manufactured exclusively the basic open-hearth process. 

for the proper percentage manganese, was decided first 
that this should limited about 0.6%; but, later, was found 
advisable inerease this 0.75% for plate-and-shape steel, and 
0.85% for eye-bar steel. Manganese adds the strength the alloy 


and costs comparatively little, but its use excess renders the metal 
unduly hard. 


The following list the comparative tests nickel steel and 
carbon steel which were made the investigation: 


A.—Specimen tests for tension, showing the elastic limit, ulti- 
mate strength, elongation, and reduction area for the 
several kinds steel required, 

tests specimens, both plain and nicked, de- 
termine the angle bend and the character fracture, 

pins, ascertain the extreme fiber stress for 

both elastic limit and ultimate strength, 
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D.—Bearing pins and rivets, determine the proper intensi- 
ties working stresses for bearing, 

rivets, find the correct intensity working 
stress for shearing, 

for torsion, ascertain the safe limit extreme 
fiber stress shafts operating machinery, 

G.—Impact tests, learn the relative resiliences nickel steel 
and carbon steel, 

H.—Combined impact and tension tests, show the comparative 
resistances the two metals for this combination con- 


ditions, 
I.—Tests full-sized eye-bars, 
full-sized columns, both short and long, aid 
the preparation proper formulas for nickel-steel struts, 
K.—Hammering-flat tests, 
L.—Drifting tests, 
M.—Close-punching tests, 
N.—Planing tests, 
tests, 
P.—Chipping tests, 
Q.—Filing tests, 
gravity tests, 
S.—Coefficient elasticity tests, 
T.—Corrosion tests, determine the comparative 
the two metals the attacks acid, damp 
smoke, and wet cinders. 


Analyses the metal from the two old melts nickel steel 
tained for testing, and the medium-carbon steel used for 


gave the results shown Table 


TABLE ANALYSES STEELS. 


PERCENTAGES INGREDIENTS. 


Character alloy. 


Sulphur. Manganese. 


Carbon. Nickel. 


Low-nickel steel........... 0.65 3.21 
High-nickel steel........... 0.014 0.009 0.67 0.468 
Medium-carbon 0.021 0.011 0.46 0.275 
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The percentages Table were obtained from drillings; but 
analyses samples taken from the ladle gave, for the low-nickel steel, 
manganese, 0.68, carbon, 0.35, and nickel, 3.20; and for the high- 
nickel steel, manganese, 0.65, carbon, 0.42, and nickel, 4.22. 

The following condensed record all the preliminary tests, 
which are given full Appendix C.* 


average eleven tensile tests the low-nickel steel gave 300 
Ib. per sq. in. for the elastic limit and 300 Ib. per sq. in. for the ulti- 
mate strength. average fourteen tests the high-nickel steel 


gave 71600 lb. per sq. in. for the elastic limit and 114000 lb. per sq. 
in. for the ultimate strength. 


The bends were made unannealed specimens, in. wide and 10.5 
in. long, with planed edges. The warm bends were made ordinary 
shop temperatures, ranging from 70°, and the cold bends after 
the specimens had been immersed for hours mixture salt and 
ice. Four warm and four cold bends were made each thickness 
plates and angles each the three kinds steel. The effect the 
low temperature was quite marked. seemed greater the 
high- than the low-nickel steel; but the tests were too few num- 
ber warrant stating this conclusively. 

All the low-nickel steel the ordinary shop temperature was bent 
180° about two diameters; the high-nickel steel was bent 120° about 
three diameters. The cracks developed much more suddenly the 
high-nickel steel and the cold bends than the low-nickel steel and 
the warm bends, and were greater magnitude. The bends the 
low-nickel steel specimens were better than those the high-nickel 
steel, but were not good those the carbon-steel specimens. 


Impact 


There were four different series impact tests. The first was 
made specimens in. long, in. wide and in. deep, reduced 
mid-length two notches, each in. wide and in. deep, leaving 


This appendix forms part the original paper, which may found the Society’s 
Library. consists itemized report all the preliminary tests Mr. Sauhders. 
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effective depth only in. Five pieces each kind steel were 
broken, the specimens being reversed after each blow. 

The apparatus, Fig. was rather crude affair, and was operated 
with much labor. The weight was 50-lb. box, hoisted cord run- 
ning over small drum. was raised and lowered worm gear 
turned small crank. Additional weights, units were 
added placing castings top the box. The weight was re- 
leased disengaging catch. 

The test pieces were supported rounds, in. between centers, 
and the load was transmitted through tongue rounded the bottom 
bring the effect the blow midway between the supports. 

Contrary what had been gathered from the perusal number 
papers nickel steel, was found these experiments that the 
resilience the nickel-steel alloys was considerably less than that 
the carbon steel. All three steels were submitted the same impact 
tests, the weight first being 100 lb. and the drop increasing gradually 
from in.; then, after twelve blows, the weight was increased 
150 lb. Calling the resulting average resilience the carbon steel 
100, that for low-nickel steel was and that for high-nickel steel 
was 73. 

This result might have been predicted, for turning over the speci- 
mens after each blow caused the total amount abuse given the 
metal measure its toughness and not its resilience. 

The second series impact tests was similar the first, except 
that the specimens were not reversed. The result gave the following 
comparison resiliences: 


Low-nickel steel............... 117 
High-nickel steel.............. 109 


Because the contradictory results the two series impact 
tests, was decided make third, order determine the relative 
resistances the three steels sudden blow. 

make the tests, the apparatus shown Fig. was constructed. 
The hammer was forged round, with eye-bolt the top, and 
weighed 205 lb. was raised traveling overhead crane. The 
specimens were similar those used the first series tests, except 
that their length was reduced in., and there were ten each 
the three kinds steel. 
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piece was struck more than one blow, and the height drop 
first selected was such, positively break the specimen. With 
the succeeding diminishing heights, effort was made approximate 
that which would just break the piece. 
The comparative resiliences found this series tests were: 


Low-nickel steel............... 
High-nickel steel.............. 


Thinking that the unsatisfactory showing nickel steel under 
impact, compared with carbon steel, and the diametrically divergent 
results these impact tests, compared with the results recorded 
other experimenters, might due the notchings the specimens, 


fourth series, similar the third, was made, but using plain bars 
section corresponding that the notched portion the speci- 
mens previously tested, in. width and in. depth. 
necessary use hammer, the hammer used pre- 
viously was entirely insufficient break the specimens bend them 
materially. was, the tests were imperfect and inconclusive, for 
the high-nickel steel specimens broke under drop about 9.5 ft., 
those low-nickel steel bent through angle from 120 130° 
under drop ft. (only one piece breaking, and the others 
showing very slight indications fracture), and those carbon-steel 
bent under drop about ft. without showing any signs frac- 
ture. the limits the apparatus were reached, attempt was 
made carry the experiments any further. 

Although the result was imperfect, the test quite satisfactory 
that shows clearly the great amount abuse that low-nickel steel 
will stand, and that, this particular, quite suitable for bridge 
building; although, course, not tough and ductile carbon 

steel. Had the metal been all brittle, the specimens would have 

been shattered instantly large weight falling from great 
instead first bending through such large angles. 

the present, the general consensus opinion has been that 

nickel steel has higher resilience than carbon steel, and was mat- 

The ter surprise the writer that three his four series impact ex- 

periments indicated the contrary. this account thorough dis- 


cussion this feature the paper desirable. may concluded 
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that present the comparative resiliences nickel steel and carbon 
steel are still open question; and hoped that the discussion will 
throw sufficient light upon the matter settle finally the existing un- 
certainty. 

must not forgotten that, comparing the resiliences 
nickel and carbon steels, the strengths the two metals equal, 
their carbon contents equal, nickel steel will give better re- 
sults than carbon steel; and only when comparing nickel steel 
high carbon with the ordinary low-carbon steel used bridgework 
that the showing ever unfavorable the alloyed metal. 


CoMBINED AND TENSION 


The writer made attempt ascertain the effect dropping 
weight upon eye-bar under tension, but the test was failure. The 
weight (200 and the drop ft.) were both too small. Although 
the bar was finally broken, was impracticable determine whether 
the ultimate strength was affected the impact, the piece de- 
veloped pretty high resistance for medium-carbon steel. 

obtain any results value, would have been necessary set 
small pile-driver over the bar and drop much larger weight 
from greater height and with far greater frequency. After this 
experience was concluded that “the game was not worth the candle,” 
consequently the intention carrying this test any further was 
abandoned. 

Later, the writer retained Hatt, Assoc. Am. 
Purdue University, make, among other tests, some experiments 
combined tension and impact, and combined bending and impact. 
His full report given Appendix E.* The following extracts from 
will show briefly his findings: 


“The impact tension tests were made the machine the Purdue 
Laboratory used the writer previous tests, and described the 
Proceedings the American Society for Testing Materials, Vol. 
1904. The hammer used weighed 810 lb. This was allowed drop 
distance, such way that the energy the blow was absorbed 
the test piece. the piece broke under the first blow, record, 
taken revolving drum, made possible compute the 
left the hammer after rupture. nearly every case the piece was 
ruptured one blow. 


file the Library the Society, but not reproduced this paper. 
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“The impact flexure tests were made upon electrically-operated 
impact machine. The hammer used weighed The 
base was supported 6-ft. concrete foundation resting upon undis- 
turbed gravel. The bars were tested span in., with the 
machined faces the top and bottom. The loads were applied 
allowing the hammer drop upon the center the beam from vary- 
ing heights, without turning the bar over between blows. The corre- 
sponding deflections were indicated recording pencil the slowly 
revolving drum. The routine each test was follows: 

“With the hammer just touching the bar, zero line was marked 
the drum. The hammer was then allowed fall from height 
in. the bar, the deflection being marked the slowly revolving 
These operations were repeated, increasing the height drop 
in. each time, until the elastic limit was well passed. When the 
elastic limit was reached, the material showed signs set. This was 
marked the drum the recording pencil turning the drum 
slightly after the vibrations the bar had ceased. typical drum 
record shown Fig. None the specimens, except the nicked 
bars, were broken flexure. 

“Two the nicked specimens, one carbon steel and 
one nickel steel, were tested different manner from that out- 
lined above. The hammer was allowed fall from height in., 
then from height in., and then from height sufficient 
cause rupture. The drum records for these tests were similar those 
obtained the impact tension tests.” 


Professor Hatt’s results impact tests are given Table which 
forms part his report. 


CARBON, NICKEL (3.5%). 
Aver- Maxi- Mini- No. Aver- Maxi- Mini- 
Impact Tension. 

Contraction.......... 58.9 60.8 57.0 49.7 

Impact 
Plain bar. 

Flexure. 
icked bar. 
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Table shows that, the impact tension tests, while the elonga- 
tion carbon steel was nearly twice great that nickel steel 
and the contraction was more than 20% greater, nickel steel had 
resilience 60% higher than carbon steel—a result almost entirely 
variance with the writer’s findings. 

Table also shows, the impact flexure plain bars, increase 
resilience nickel steel over carbon steel equal 120% the 
elastic limit, and the case nicked bars increase 85% 
the elastic limit and 40% the point rupture. 


The hammering-flat tests were quite conclusive, and proved that 
both the nickel steels compare very favorably with carbon steel their 
ability permit being hammered 


The drifting tests, anticipated, show that nickel steels will not 
stand quite much drifting medium-carbon steel, nevertheless, 
both grades would comply with the drifting requirements for high- 
carbon steel given standard bridge specifications. 


The experiments show that both the nickel steels withstood close- 
punching quite well the carbon steel, fact, one respect bet- 
ter, because the flow metal was markedly less the stronger steels, 
and the holes were smoother and more regular. 


The shop-tooling tests included planing, drilling, chipping, and 
filing. They were quite satisfactory, and gave the best comparative 


results all the tests made. They showed conclusively that 


nickel steel unfit for bridge building (except for eye-bars, pins, and 
rollers), not because any inherent defect the alloy, but because 
its severity the tools. manipulate such metal the shops, 
all machinery and tools would have built upon more substantial 
basis than for carbon-steel work, and stronger metal for punches 
and drills would have adopted.. 
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for low-nickel steel, the tests showed that this alloy all right 
for shop manipulation, but the time required certain amount 
work upon greater than that required the corresponding 
work upon carbon steel. 


Corrosion 


The corrosion tests included immersion weak solution sul- 
acid, damp salt, locomotive fumes, and wet cinders. 
order avoid the possibility accident, the writer decided have 
these tests made duplicate—in his own office, Kansas City, and 
the office the Osborn Engineering Company, Cleveland. 
that Owing failure ensure advance that the methods testing 
heir exactly alike detail, the results are not truly comparable. 
All the plates tested were originally in., and weighed 
about Ib. each. Three plates (one for each kind steel) were used 
for each test, twelve all for each set experiments. 

Acid Test—Mr. Osborn used solution sulphuric acid, 
with new bath every two weeks, and did not clean the specimens; 
while the writer used solution, changed the bath every week, and 
the specimens each time the bath was changed. The results 
these tests are recorded Fig. From the writer’s record will 
seen that 160 days 94% the high-nickel steel was dissolved, 
thus ending the experiment, and that the same time the low-nickel 
close- steel lost 89% and the carbon-steel per cent. Mr. Osborn found 
890 days the following losses weight: 13.2, 12.9, and 11.7%, re- 
steels, spectively. 

Both investigators were surprised the results this test, be- 
cause they had been told one the Carnegie Steel Company’s 
superintendents that the pickle test would show very favorably for 
and steel, knew having made the experiment. 
This test, however, proves nothing against the use nickel steel 

high- for bridges, because those structures are never exposed such con- 

ecause the other three corrosion tests, which agree character more 

shops, closely with the actual exposures bridge metal, indicate decided 

tantial superiority nickel steel over carbon steel. 

unches Salt shown Fig. the writer’s salt test extended 
over 522 days, the end which time the carbon steel had lost 
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2.65% its weight, the low-nickel steel 0.72%, and the high-nickel 
steel 0.63%, showing that nickel steel resists the attacks salt four 
times well carbon steel. Whether the two steels when immersed 
sea water would offer the same comparative resistances corrosion 
hard say, but seems probable that they would. so, this 
would strong point favor using nickel steel for ocean piers 
and for bridges located near salt water. 

Mr. Osborn’s results for the salt test were: 840 days the carbon 
steel had lost the low-nickel steel 3.1%, and the high-nickel 
steel 3.2 per cent. The curves 880 days cross each other, but this 
probably due some error the records, since for 800 days the 
three curves are substantially parallel. 

The great variation the two sets experiments must due 
the fact that the writer’s plates were kept continuously the solu- 
and Mr. Osborn’s were not. While this difference treatment 
might account for the variation the total amount corrosion for 
any one kind plate, does not explain why the comparative re- 
sistances the three kinds steel should differ greatly the two 
sets experiments. 

Smoke Tests—As shown Fig. the smoke test was continued 
the writer for 250 days, when the plates were lost the renewal 
the floor system the bridge beneath which they were suspended. 
His test the end that time showed loss 6.25% its weight 
the carbon steel, 4.5% the low-nickel steel, and 4.4% the 
high-nickel steel, indicating that nickel steel resists locomotive fumes 
about 40% better than carbon steel. 

Mr. Osborn found the following results: 310 days the carbon 
steel lost 0.18%, the low-nickel steel 0.12%, and the high-nickel steel 
0.04 per cent. 

The great difference the results the two tests was certainly 
caused Mr. Osborn’s failure clean the plates from time time, 
for the coat soot deposited the metal tended preserve from 
further attacks the fumes. 

Cinder shown Fig. the cinder test was continued 
the writer for 520 days, the end which time the carbon steel 
had lost 3.45% its weight, the low-nickel steel 2.5%, and the high- 
nickel steel 2.15 per cent. This quite favorable showing for the 
nickel steel. 


may 
steel 


meta 


inves 
carri 


pens 


parti 


the 


the 
this 
the 


Pap 
the 
nick 
grea 


wal 
led. 

the 
mes 


rbon 
steel 


t ime, 
from 


inued 
steel 
high- 
the 


Papers. NICKEL STEEL FOR BRIDGES 


Mr. Osborn’s cinder tests gave the following results: 890 days 


the carbon steel had lost 16.7%, the low-nickel steel 14.5%, and the 


high-nickel steel 14.1 per cent. 740 days, however, the high- 
nickel steel corroded little more than the low-nickel steel. The 
greater amounts corrosion the Osborn test must have been due 
the nature the cinders used. 

From the various corrosion tests made both experimenters, 
may concluded that nickel steel resists decidedly better than carbon 
steel the attacks all substances which ordinarily tend injure the 


metal-work bridges. 


Rivet 


While the various preliminary tests were being made, thorough 
investigation the qualities suitable nickel steel for rivets was 
carried on, using specimens old melts, order avoid the ex- 


pense making special melt melts for the purpose. While none 
the five six melts tested proved exactly suitable for rivets, enough 
vas learned the experiments determine closely the proper pro- 


portions the various constituents rivet nickel steel. All the 


mens tested were good enough for the purpose, except one important 
particular, namely, the rivets were too difficult cut out, the reason 
that the carbon contents were too high. 


the writer’s opinion, ideal rivet nickel steel should have about 


the following composition: 


Manganese .............. 0.55 0.65 per cent. 
Phosphorus ............. maximum. 
Silicon 0.04%, maximum. 


possible that small economy might effected lowering 


percentage nickel and increasing that carbon, and time 
may done; but present does not seem worth while make 


nickel content less than that plate-and-shape steel. The writer 
the opinion that experimenting could probably shown 
rivet steel containing from 2.5% nickel and from 
points carbon would answer every purpose; but this only 


his part. possible, though, that such high percentage 
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carbon would cause the rivets burn too easily, but the writer’s 
experiments gave such indication. 

addition the ordinary tests for tension and bending, num- 
ber special tests rivet nickel steel were made, among others, the 

A.—Driving two rows nickel-steel rivets and two carbon- 
6-in. plates, reaming one row holes for each kind, and noting how 
the nickel-steel rivets drove, compared with the carbon-steel rivets: 

The result was that difference whatsoever could noticed 
the difficulty driving the excellence the rivets, and this was 
found true throughout the entire series 
steel and carbon steel. 

B.—Cutting off hand the heads most the rivets mentioned 
and driving them out their holes, obtain proper 
noting the times required: 

The results this test were very erratic, but, general, was 
found that the higher carbon the nickel steel the longer took 
cut off the heads. When pneumatic chipper was used, sometimes 
required twice much time for nickel steel for carbon steel. 

backing rivets out reamed holes, difference was noted 
the resistances the two kinds rivets; but, punched holes, the 
nickel-steel rivets came out three-quarters the time required for 
backing out the carbon-steel rivets. This result due the fact 
that the punched holes nickel steel are much smoother than those 
carbon steel. this test (and others also) was learned that 
nickel-steel rivets should used nickel-steel plates and carbon- 
steel rivets carbon-steel plates; for, when cutting out 
rivets from carbon-steel plates, the material around the rivet holes 
was injured because the greater hardness the rivet metal. 

four 15-in. plates with two rows badly- 
matched holes (but making the matching the two rows correspond), 
assembling the plates, reaming the holes, and filling one row with 
nickel-steel rivets and the other with carbon-steel rivets, then planing 
off the sides the plates the medial planes the rivets, 
show how well the holes were filled: 

resulted that there was but little difference the flow the 
two kinds steel, what little there was being favor carbon steel. 
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the ends rivets, both cold and hot, and 
noting how the metal stands the abuse: 

The cold nickel-steel rivets flattened in. and then split, while 
the ends the carbon-steel rivets flattened in. before splitting. 
Undoubtedly, there would have been better showing with nickel steel 
ideal composition for rivets. The hot ends both steels flattened 
out very thin without cracking. 

rivets, both cold and hot, end on: 

this test the cold carbon-steel rivets compressed 67% and the 
cold nickel-steel rivets per cent. The latter required much greater 
number blows and received more damage. the case the hot 
rivets, both specimens flattened thickness in. and diam- 
eter in. without showing signs cracking. 

rivets double shear: 

The result the tests rivets double shear showed that the 
nickel steel was about 40% stronger than the carbon steel, the ulti- 
mate strength rivet nickel steel shear being about 59000 per 
sq. in., about 75% the tensile strength. 

riveted joints: 

The result the test riveted joints was obtain ultimate 
shear 68000 Ib. per sq. in. the nickel-steel rivets and 500 
per sq. in. the carbon-steel rivets. The ratio these two figures 
about 1.46, which little greater than the ratio found for the 
shears single rivets. 

All things considered, the writer favors adopting rivet diameters 
for nickel-steelwork in. greater than those customary for carbon- 
steelwork. There are three good reasons for this, namely: 

increase strength nickel-steel rivets over carbon- 
steel rivets not comimensurate with the increase strength the 
plate-and-shape metal. This necessitates either greater propor- 
tionate number rivets greater rivet diameter nickel-steel- 
work. 

Second.—The larger rivets keep hotter, and consequently fill the 
holes better. 

Third—The strength the punches increased abaut one-third, 
while the work punching each hole increased only about per 
cent. This reduces the danger from broken punches, and makes the 
work punching nickel steel probably not more hazardous than that 
punching 
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order determine approximately the kind material for 
bars the high-nickel steel would make, there were cut from the 
plates two strips, in. wide, and these were forged into eye-bars, 
annealed, and tested. 

The elastic limit the first bar broken was lost. Each bar broke 
near the neck, point where the temperature stresses are the 
greatest, and this, connection with the low percentage elongation 
the body the bar, would seem indicate insufficient annealing. 
The breaking both bars the same place, however, may have been 
simply coincidence. The fractures were 100% silky, and the 
ductions area were excellent. 

The results the two tests were follows: 


Percentage Reduction 


elongation Fracture. 
intensity. ft. area. 
105 900 7.4 46.9% Silky, cup. 
Uncertain .... 102 300 6.8 45.8% Silky, cup. 


The unannealed specimen tests the same plate gave elastic 
limit 71100, ultimate strength 112 900, elongation in. 
17.7%, and reduction area 44.4 per cent. 

These tests are valuable that they prove that satisfactory eye 


bars can manufactured from steel containing 44% nickel and 
about points carbon. 


Two special 40-ton melts plate-and-shape steel were made for the 
writer the Carnegie Steel Company, under the supervision 
Albert Ladd Colby, Am. Soc. E., whose care and attention 
due the fact that the metal obtained was greatly superior 
formity the low-nickel steel first tested. The composition these 
special melts was determined number independent chemists, 
with rather variable results, the general averages being follows: 

Nickel 3.65%, carbon 0.39%, manganese 0.77%, sulphur 0.025%, 
phosphorus 0.01%, and silicon 0.05 per cent. 

The metal from these melts was rolled into plates and angles, 
some which were used the writer for testing. The remainder 
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was distributed among the principal bridge shops the country 
undergo various manipulations, order let the manufacturers 
judge for themselves the ease difficulty manufacturing into 
bridges. This distribution was done liberally, even lavishly, and 
hoped that those who received the metal have submitted many 
practical shop tests, and that they will give the results thereof the 
engineering profession the discussion this paper. 


The following list the companies whom material was 
thus sent: 


Dominion Bridge Co., Ltd., Montreal, 

Riter-Conley Mfg. Co., Pittsburg, Pa.; 

The Canadian Bridge Co., Walkerville, 

The Hamilton Bridge Works Co., Ltd., Hamilton, 

Milliken Bros., New York City; 

The King Bridge Co., Cleveland, Ohio; 

McClintic-Marshall Construction Co., Pittsburg, Pa.; 

Pennsylvania Steel Co., Steelton, Pa.; 

Fore River Ship and Engine Co., Quincy, Mass.; 

Newport News Shipbuilding and Dry Dock Co., Newport News, 
Va.; 


William Cramp and Sons Ship and Engine Building Co., Phila- 
delphia, Pa. 


was decided postpone making the special melt eye-bar steel 
until after the plate-and-shape steel had been tested. This was wise 
precaution, because the testing the latter might have caused some 
modification the composition the eye-bar steel; but the result, 
unfortunately, was disastrous, the eye-bar steel was never manu- 
factured. This failure reduces somewhat the value this research, 
compared with what was outlined when the experiments were first 
contemplated. The eye-bars for testing were manufactured from the 
plate-and-shape steel; and, although the results were very satisfactory, 
the writer convinced that much stronger eye-bars can readily 
manufactured using steel higher nickel, carbon, and manganese, 
and that they will suitable every way for use bridges. 

The special plate-and-shape nickel steel was tested very thoroughly 
and carefully, both specimens and full-sized bridge members. Ex- 
cept the eye-bars, for each test nickel steel there was 
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made corresponding ‘test medium-carbon bridge steel. The results 
are recorded length Mr. Saunders’ report, which given the 
original paper,* and reproduced slightly condensed form 
Appendix this paper. 

From the writer has prepared the following summary and de- 
ductions: 


TENSILE 


The average elastic limit about 62200 per sq. in., and the 
minimum may safely taken for specimens cut from the 
edge; the average ultimate strength about 107300 per sq. in., 
and the minimum may safely taken 105000 for edge speci- 
mens. For specimens taken from the edges plates, the ultimate 
strength about 3000 per sq. in. higher, and the elastic limit 
about 2000 per sq. in. higher than for specimens taken from the 
interior. This ruling does not appear apply eye-bar flats, for 
their interior metal just strong as, not stronger than, the metal 
near the edges. 

The elongation increases slightly with the thickness the piece, 
and the reduction area decreases the speed the testing ma- 
chine increases. 

The elastic ratio (that is, the ratio elastic limit ultimate 
strength) decreases the thickness the metal plates shapes 
increases; but the conditions affecting the testing eye-bar metal 
were such prevent any reliable deduction being made this 
point relation flats. This elastic ratio, general, varies from 
0.55 0.60, but occasionally there are cases that pass slightly beyond 
these limits. 

Comparing the nickel steel and the carbon steel (which was the 
kind specified medium steel “De Pontibus”), was found that 
the average ratio elastic limits was 1.94 and that ultimate 
strengths was 1.79. 

The minimum elongation in. was about 15% for nickel steel 
and 27% for carbon steel. 

The minimum reduction area was about 41% for nickel steel 
and about 55% for carbon steel. 

was found that thick plates and angles gave lower elastic limits 
and ultimate strengths than thin ones. This was already known 


— 


*On file the Society’s Library. 
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true for carbon steel, but the difference marked nickel steel 
that any standard specification for the strength that metal will have 


take into account the thickness the piece tested. 


Difficulty was found determining the elastic limit, or, more 
strictly speaking, the yield point; consequently, Mr. Saunders was 
compelled make some arbitrary assumptions, shown his report. 

was noted during the tests that the nickel-steel angles were 
slightly inferior strength the nickel-steel plates, probably be- 
the smaller amount work the angles received the rolling, 
and possibly because the bend. has been recognized for years 
steel that plate specimens give slightly better results than 
shape specimens. 

the outset, the writer hoped able obtain plate-and-shape 
steel which would have minimum elastic limit and that 
this might possibly raised 68000 lb. increasing the carbon 
content points. The experiments show inferior limit 000 
which might indicate that Mr. Colby’s two melts plate-and-shape 
steel did not come the writer’s anticipations; but such not 
the case, for, when that metal was tested the ordinary mill methods, 
the average elastic limit was per sq. in. the manufac- 
turers’ tests the old melts were made the usual mill methods, 
the writer based his judgment possible results that style test- 
ing being adopted; but was soon found that nickel steel should 
tested much more slowly than has been customary for carbon steel, 
and the tests were conducted accordingly. fact, the usual quick 
method testing gives fictitiously great results for both the elastic 
limit and the ultimate strength the latter metal. The elastic limit 
especially affected. This feature standard testing will dis- 
further, when the subject eye-bars treated. 


PUNCHED, REAMED, AND PUNCHED-RIVETED SPECIMENS. 


The results obtained this series tensile tests are follows: 

The punching alone raised the yield point nickel steel from 
and steel from 24%, the same time lowering 
the ultimate strength the nickel steel from 11% and that 
the carbon steel from per cent. 

This shows that the injurious effect punching little more 
nickel steel than carbon steel. 
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the sub-punched-and-reamed specimens, both the nickel 
and the carbon steel regained all their ultimate strength, and fact 
little more. This shows the truth what has been contended the 
writer for long time concerning reaming, namely, that the only 
method: which insures truly first-class shopwork and the full strength 
the manipulated metal. also shows that, while this true for 
carbon steel, especially for nickel steel. 

The punched-riveted specimen tests indicate that driving the hot 
rivets into the punched holes increases still further the elastic limit 
and reduces the ultimate strength, thus furnishing another good rea- 
son for insisting upon sub-punching-and-reaming. The injurious 
effects driving hot rivets nickel steel and carbon steel were 
about alike for the two metals. 


The results the bending tests plain bars, when the bending 
carefully and properly done, indicate that the plate-and-shape steel 
may bent 180° around mandrel having diameter equal twice 
the thickness the test piece without showing any signs cracking 
the metal. 


MENS. 


study Fig. Plate CII, the inspector’s report Appendix 
proves very clearly the injurious effects punching on_ both 
nickel steel and carbon steel, for, while the reamed specimens 
nickel steel bent the average about 90°, and those carbon steel 
180°, the punched specimens nickel steel bent only about 50° and 
one carbon steel only 84°; and the punched-riveted specimens 
nickel steel averaged only 38°, and one the carbon-steel specimens 
hent only degrees. 

This test strong confirmation the necessity for sub-punching- 
and-reaming, and supports well the evidence the tension tests 
punched specimens. 


The result the drifting tests proves that plate-and-shape nickel 
steel will withstand most the ordinary drifting requirements for 
carbon-steel plates, but that, the new specifications for nickel-steel 
bridges, the required enlargement the holes should limited 
per cent. 
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TEST. 


This test proves that nickel steel can punched closely 
carbon steel, and, fact, that withstands punching better, that 
the edges the piece are bulged less and that the punchings are 
smooth and regular while carbon steel they are rough and irregular. 
Fig. Plate CIV, might lead one think that this conclusion not 
true, one specimen shows several broken partitions. These were 
caused the nervousness the operator, who, fearing the breaking 
the punch, dodged his head behind protection the instant 
punching, and thus several cases got the holes too close together. 
Nickel steel will stand any specification yet written for the 
punching carbon steel. 


The result the hammering-flat test shows that nickel steel will 
stand hammering almost well carbon steel. 


TEsts. 


The shop-tooling tests were quite elaborate, and covered every im- 
portant manipulation metal bridge shop. was found that 
nickel steel can sawed with the usual saw and sheared with the 
usual shears. punching, there was special difficulty, but 
probable that more punches would have used for nickel steel than 
for carbon steel. the diameters all rivets nickel steelwork are 
made in. greater than those for carbon steelwork, previously men- 
tioned, there should greater number punches broken, because, 
before stated, the strength the punch, which varies the square 
its diameter, would increased about one-third, while the work 
punching would increased only about per cent. Moreover, 
practicable improve materially the quality the metal the 
punches. 

reaming, was found that the new process, termed “dry 
reaming,” nickel steel can reamed just rapidly carbon steel, 
but that the tools wear out more frequently. The old-fashioned method 
reaming, which oil soapsuds are used for the lubricant, not 
well adapted nickel steel. 

drilling, the same remarks apply the case reaming. The 
ordinary drills fail quickly nickel steel, but “blue-chip” drills stand 
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the work very well. The writer’s drilling tests were made without 
lubricant. Had one been used, likely that better results would 
have been obtained. 

planing nickel steel, not practicable make cuts thicker 
than in.; while, carbon steel, cuts twice that thickness are 
usual. The effect the tools much greater for nickel steel than 
for carbon steel, and the amount work that can done the 
former given time much less than can done the latter— 
probably about one-half. 

pneumatic chipping, takes about 50% more time make 
certain length cut nickel steel than steel, and the 
amount metal removed slightly less for nickel steel. 

hand chipping, workman will cut given time only seven- 
tenths the length nickel steel that will carbon steel, the thick- 
ness the chips being the same. 


was found the bearing-on-pins test that the plate-and-shape 
nickel steel about 66% stronger than the carbon steel. the 
bearing rivets the excess strength amounted per cent. 


Owing the difficulty testing round sections, square ones were 
substituted, and was assumed that the comparative resistances for 
‘the two metals would the same for both sections. was found 
that nickel steel about 85% stronger than carbon steel resistance 
bending. 

Compression Tests 


The compression tests struts were most interesting and im- 
portant, especially some engineers high standing had surmised 
that there would economy using nickel steel for long columns, 
because they anticipated that the two kinds struts would deflect 
about the same for like total loads. was found, however, that for 
short struts the nickel steel was 75% stronger than the carbon steel, 
and for struts medium length 47% stronger. While these excesses 
strength are not great those for tension, they are quite satis- 
factory. 
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This portion the done with extreme care, 
three tests being made for each kind steel, which the average 
values proved 312 000 for nickel steel and 420 000 for 
take the coefficient elasticity for nickel steel 000 000. 


Unfortunately, all the eye-bars tested had rolled plate- 
and-shape steel. Bars and in. thick were used, but comparison 
was made with carbon-steel eye-bars the same sizes. Four 6-in., 
three 8-in., and one 16-in. bar were tested, and enough specimen tests 


the metal were made afford proper average. The results the 
tests are given Table 


Bars. 


SPECIMENS. BARS. 
Elastic limit....... led Average...... 54800 Average.... 56400 
verage....... 
Annealed........ Minimum...... 700 Minimum.... 
Average ...... 
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The following deductions have been made from the results given 


Table 


The average effect the annealing specimens reduce their 


elastic limits about and their ultimate strengths about per cent. 


The average elastic limits are for: 


Unannealed 400 per sq. in. 

The average ultimate strengths are for: 

Unannealed specimens ........... 101900 lb. per sq. in. 

Annealed specimens ............. 


The average loss elastic limit between the unannealed speci- 
mens and full-sized bars about 11%, and the corresponding loss 
ultimate strength about per cent. more than likely that, 
the future manufacture nickel-steel eye-bars, these variations be- 
tween the elastic limit and the ultimate strength specimens and 
full-sized bars will lessened materially careful study the 
process annealing. 


THREADS 


unsuccessful test bolts rivet nickel steel with cold- 
pressed threads was made and repeated. seemed impracticable 
manufacture such bolt have break the body before 
failing the threaded portion; consequently, was decided that 
nickel steel not proper material for the fabrication bolts with 
cold-pressed threads. possible, though, that nickel steel with 
very low carbon content would work satisfactorily. 


Some very careful tests were made the specific gravities the 
two nickel steels and carbon steel, and was found that the low-nickel 
steel was 0.017% lighter than carbon steel, and the high-nickel steel 
lighter. these variations are extremely small, will 
proper assume the weight nickel steel exactly the same 
that carbon steel, when estimating weights metal bridges. 
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Torsion.* 


Professor Hatt made for the writer number experiments 
upon rods in. diameter and long, the nickel steel being 
standard “plate-and-shape” steel, and the carbon steel that ordinarily 
used bridgework. found the modulus elasticity torsion 
000 000 for carbon steel and 600 000 for nickel steel, the corre- 
sponding values the modulus rupture being 60000 and 
showing that low-nickel steel about 55% stronger than carbon steel 
its resistance rupture, but about 18% inferior resisting 
distortion from twisting. Figs. and illustrate the results Pro- 
fessor Hatt’s torsion tests. 


SPECIFICATIONS FOR NICKEL-STEEL 


From the results the preceding investigations practicable 
write specifications for nickel-steel bridges which will possess the 
same strength, rigidity, and general excellence design the best 
carbon-steel bridges that are being built to-day. 

preparing such specifications, the writer has adopted 
standard those given “De Pontibus,” modifying only those portions 
which are affected the change metal; and, order limit the 
length this paper much possible, presents here only the 
modified portions. These are all that are necessary, for the main 
object the specifications obtain the weights metal from 
which the principal diagrams this paper were prepared. Should 
anyone desire design nickel-steel bridges the use these speci- 
fications, combining them properly with those “De 
Pontibus.” Moreover, the result this investigation bring 
nickel-steel bridges into favor, the writer’s intention prepare 
and make public complete specifications for designing such structures. 


rolled steel shall made the basic open-hearth 

bridges composed entirely nickel steel, the eye-bars, pins, 
and rollers shall made “eye-bar steel”; the rivets, bolts and all 
adjustable members shall made “rivet steel”; and all other por- 
tions, except castings, shall made “plate-and-shape steel.” 


complete record these tests see Appendix the original paper the 
Library. contains Professor Hatt’s report. 
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bridges mixed nickel and carbon steels, the floor system, the 
lateral system, and those parts trusses minor importance, such 
struts having large excess section above the theoretical re- 
quirements, lacing bars, and stay-plates, may made carbon 
but the floor system shall, preferably, nickel steel. 


PERCENTAGES. 

Rivet steel. Plate-and-shape steel. Eye-bar steel. 
3.50 (3.25 (3.25 3.75) 4.25 (4.00 4.50) 
0.15 (0.12 0.18) 0.38 (0.34 0.42) 0.45 (0.40 0.50) 
Phosphorus...... maximum 0.08 maximum 0.08 maximum 
0.04 maximum 0.04 maximum 0.04 maximum 
0.04 maximum 0.04 maximum 0.04 maximum 
Manganese....... 0.60 (0.55 0.65) 0.80 (0.75 0.85) 


the manufacturer will have keep the elastic limit 
ultimate strength certain minima, will allowed some 
liberty the amounts carbon use order produce the re- 
quired results, but not attempt obtain such results in- 
creasing the manganese, nor will he, under any circumstances, per- 
mitted pass the limits phosphorus, sulphur, silicon; fact, 
these limits should kept much below the specified amounts 
practicable, because these elements are all detrimental the metal. 
Preferably, the amounts nickel should kept within the limits 
set; but, case necessity, the latter, with the written permission 
the Engineer, may varied from. 

Method Determining Elastic limit for speci- 
men tests shall assumed the load the specimen producing 
permanent set 0.01 in. gauge length in., the amount 
set being measured fine dividers with load the specimen, 
being taken from autographic record the intersection with the 
stress-strain curve line drawn parallel and 0.01 in. away from 
the straight portion the record. 

The elastic limit for tests full-sized eye-bars shall assumed 
the load the bar producing permanent set 0.04 in. 
gauge length ft.; proportionate set for shorter the 
amount set being measured approved design, 
with load the eye-bar. 
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Tensile ultimate tensile strength per square inch 
unannealed test pieces for all three kinds rolled nickel steel used 
structural metalwork shall follows: 


Rivet steel 70000 80000 Ib. 
Plate-and-shape steel ............ 105000 120000 


The preceding figures are for test pieces taken from the edge the 
piece. case the test pieces are taken from the interior, these figures 
may reduced Ib. each. 

The preceding figures also apply for all plates in. thick- 
ness and for all shapes in. thickness. For each additional 
in. thickness the ultimate strength may reduced 1500 per 
sq. in., down inferior limit for the thickest eye-bar 
flats. 

Elastic least allowable elastic limits per square inch 
obtained from unannealed test pieces shall follows: 


Plate-and-shape steel ........... 60000 


The preceding figures are for test pieces taken from the edge the 
piece. the test pieces are taken from the interior, the figures 
may reduced 000 each. 

The preceding figures also apply for all plates in. thick- 
ness and for all shapes in. thickness. For each additional 
in. thickness the elastic limit may reduced 1000 down 
limit 000 per sq. in. for plate-and-shape and eye-bar steels. 

percentages elongation shall obtained from 
the unannealed test pieces after breaking original length 
in., which length must occur the curve reduction from stretch 
both sides the point fracture. The least allowable elongations 
for the three kinds rolled structural steel follows: 


Plate-and-shape steel ............. 


The preceding percentages apply plates, shapes, and flats in. 
thick less. For thicker metal they are increased unity for 
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Bending rivet steel shall capable bend- 
ing, either pressure hammering, 180° and closing down flat 
upon themselves without cracking, when either hot cold. 

Specimens plate-and-shape steel, when either hot cold, shall 
capable bending pressure 180° around mandrel having 
diameter equal twice the thickness the test piece, without showing 
signs cracking the convex side the bend. 

Specimens eye-bar steel, when similarly treated, shall capable 
bending pressure 90° around mandrel having diameter equal 
three times the thickness the test piece, without showing signs 
cracking the convex side the bend. 

Drifting Tests—Punched rivet holes plate-and-shape steel, 
pitched two diameters from sheared edge, must stand drifting until 
their diameters are 40% greater than those the original holes, and 
must show signs cracking the metal. 

The total taper the drift-pins used for the testing shall not 
exceed 12. 

Fracture.—All broken test pieces for all three classes steel, and 
all broken eye-bars must show silky fracture uniform color. 

Full-Sized eye-bars must show ultimate 


tensile strength per square inch for the various thicknesses metal 
follows: 


The elongation shall not less than 10% gauged length 
ft.; and the elastic limit shall not less than 55% the ultimate 
strength the bar. 

Cast steel castings shall made open-hearth steel 
the same composition that specified for eye-bar steel, except 
that acid steel having maximum limit for phosphorus 0.06% may 
used. The ultimate tensile strength shall vary within the limits 
110000 and per sq. in.; the elastic limit shall not less 
than 55% the ultimate tensile strength; and the elongation test 
specimens in. shall not less than per cent. 

Impact Allowance impact allowance load 


percentage the equivalent uniform live load found the following 
formulas: 
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000 

000 
and for highway bridges, 


where the percentage and the length, feet, span 
portion span covered the live load, when the member considered 
subjected its maximum stress. 

Intensities Working Stresses—The following intensities 
working stresses (that is, pounds per square inch cross-section) are 
used for all cases, except where wind loads are combined with 
other loads, which cases the intensities are increased 25%; 
but the sections shall not less than those required the stresses 
from all loads except wind. 


Tension plates and shapes bottom chords, main 


Tension net section plate-girder flanges (assum- 
ing one-eighth the area the web act 
part each flange), extreme fibers rolled 
and shapes body suspenders, 
hip verticals, and hanger plates (there being 
50% increase net area for section through 


Bearing pins (measured upon the projection 

the semi-intrados diametral plane)....... 
Bearing rivets (measured similarly).........:... 


Shear webs plate girders (gross section)....... 17000 


For field rivets, the intensities for bearing and shear are re- 
per cent. 


Compression top 000 120 


Compression inclined end posts............. 


Compression all other struts with fixed ends. 000 120 
Compression all other struts with one two 
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where the unsupported length the strut, inches, and its 
least radius gyration, inches. 
Compression plate girders...... 000 Ib. 

For forked ends, the intensity working stress shall deter- 
mined the formula, 

where the greatest allowable intensity working stress (impact 
being considered); the unsupported length, inches, measuring 
from the center.of the pin-hole the center the first transverse 
line rivets beyond the point which the full section the member 
begins; and the total thickness one jaw, inches. 

The greatest allowable pressure upon expansion rollers 
spans, when impact considered, shall determined the equation, 
where the permissible pressure, pounds per linear inch roller, 
and the diameter the latter, inches. The preceding formula 
used for rollers swing spans with the span rest, but, for 

the span motion, the formula used 
where the mean diameter the roller, inches. 

order anticipate criticism, the writer will now take 
ture the preceding specifications separately and show how the 
figures contains were determined. 

Composition Rolled Steel—The composition the rivet steel 
was fixed the numerous experiments made various specimens 
rivet nickel steel, most which were objectionable some particular. 
The essential requirements for good rivet nickel steel are the follow- 
ing: 


First.—That shall flow readily, fill the holes properly, 


and that shall head without splitting; 

Second.—That sufficiently soft permit the heads be- 
ing cut off and the rivets being backed out without 
due trouble and expense; 

shall have sufficient strength compared with 
rivet carbon steel make its use instead the 
decided desideratum. 
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The rather wide limits nickel, carbon, and manganese, the 
specification, will assuredly permit manufacturers fill these re- 

The composition the plate-and-shape steel that specified for 
the two special melts manufactured for this investigation under the 
direct supervision Mr. Colby; and, while not claimed that ab- 
solute perfection was attained this first trial, not likely that 
any great improvement the characteristics the future plate-and- 
shape steel, compared with those these melts, will effected. 
This steel strong, tough, reliable, and capable being manipulated 
the shops without danger the workmen, and without unduly great 
expense. 

The satisfactory character the composition the eye-bar steel 
not well assured, was determined mainly anticipation, the 
idea being obtain strong and hard nickel steel can worked 
into eye-bars without running into brittleness. 

The existence brittle zone nickel steels has been lately 
Perey Longmuir, who presented paper the subject the Institu- 
tion Mechanical Engineers England, November, 1905.* 

These gentlemen find that with from points carbon, and 
from 100 points manganese, steel containing 44% nickel 
has lost none its toughness ductility, compared with steels 
having smaller percentages nickel; but that steel containing 
nickel has lost both serious extent. Between these two per- 
centages there probably well-defined point demarcation, but 
exactly where is, can only determined further experiments. 
These should made with the least possible delay. 

They find also that with nickel the brittleness reaches 
12% the resilience begins increase, and 20% 
the steel reaches its normal toughness. This very curious prop- 
erty the alloy; and the knowledge acquired these scientists, 
further experiments, will prove great value all 
who are interested the manufacture nickel steel 
for bridges. writer has heard, though, from good authority, that 
the best American practice the manufacture nickel steel does not 
agree with the findings these experimenters, and that steel contain- 


their investigations was published The Engineer (London), November 
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ing 10% nickel gave excellent results. account this dis- 
agreement authorities, hoped that the discussion this paper 
will bring out such mass evidence both pro and con that the ex- 
istence non-existence the so-called brittle zone will firmly 
established. 

The recorded properties the 44% nickel steel experimented upon 
these Englishmen were follows: 


The shock test, made dropping hammer about in, 


Bending test (on anvil).......... 180 degrees. 

Yield point tension........... 500 per sq. 
Modulus elasticity................ 900 000 Ib. 


showed that the 44% nickel steel absorbed greater amount energy 


before breaking than did any the other steels tested, the amounts 


nickel therein varying from zero per cent. This shows that, 


far impact concerned, there objection whatsoever 
nickel steel for eye-bars. 

Comparing the properties this English 44% nickel steel with 
those called for the preceding specifications for eye-bar steel, 
seen that they strike average for both nickel and manganese, touch 


the inferior limit for carbon, exceed somewhat the minimum elastic 


limit, and fall below the inferior limit for ultimate strength. 
Had the percentage carbon been 0.45 instead 0.40, this English 


steel would undoubtedly have had sufficient ultimate strength meet 


the requirements the specifications. 


for the fitness nickel steel manufactured into eye 
bars, this proved the fact that for this investigation two 
were fabricated from plates 44% nickel steel, stated pre 
viously. These eye-bars contained points carbon and points 


manganese, determined the chemist the Osborn 


ing Company; and the specimen tests gave elastic limits varying 


200 78200 Ib. (determined the drop the beam medium 


testing speed), ultimate tensile strengths varying from 112100 
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122 400 percentages elongation varying from 11.5 18.75 and 
averaging 16.8, and reductions area varying (with one 
where the fracture was unsatisfactory) from 39.5 47.1 per cent. 

previously stated, the two eye-bars made from this material 
gave ultimate strengths 102300 and 105900 per sq. in.; but, 
unfortunately, the elastic limit both cases was missed. The elonga- 
tion ft. was about 7%, and the reduction area about per 
cent. 

must remembered that these were not bona fide eye-bars, for 
they were manufactured from universal mill plates with planed edges. 
Had the edges been rolled, instead planed, almost certain that 
better results would have been found, especially the elongation. 
The amount manganese was less than the specifications call for. 
Had been increased, agree with them, the ultimate strength 
the specimens would probably not have fallen below their require- 
ments. 

was, the metal which these eye-bars were made complied 
nergy With the specifications respect elastic limit, gave average 
ounts ultimate strength only 300 Ib. per sq. in. below the lowest requirement, 
failed only one case out fourteen give the demanded 
elongation (and then only one-half per cent.). 

Considering that this was “picked-up” steel, and view the 
great superiority Mr. Colby’s steel over the “picked-up” 
touch conclude that there will trouble whatsoever obtaining eye- 
elastic steel that will easily meet the preceding specifications, and the 
same time will permit satisfactory heads being forged with facility. 
The matter annealing nickel-steel eye-bars, order obtain the 
best possible results, one worthy full and immediate investiga- 
tion. The writer had intended settle this question experiments, 
eye but his failure obtain special melt eye-bar steel prevented. 
his intention test two thicknesses eye-bars, namely, 2-in., and 
points annealing slightly varying temperatures, order determine from 
average elastic limits and ultimate strengths each group what 
will give the best result for each thickness metal. 
Should this series tests nickel steel for bridges ever con- 
tinued beyond the limits this investigation, one the first steps 
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would manufacture special melt eye-bar steel, make the usual 
specimen tests the metal, see that the require- 
ments, prepare full supply shart eye-bars various thicknesses, 
and determine finally the best annealing temperature for each thick- 
ness. 

The data concerning tests nickel steel for the eye-bars the 
Blackwell’s Island Bridge, given Appendix were obtained through 
the courtesy the American Bridge Company. From them the 
writer endeavored obtain, averages, approximate rates varia- 
tion elastic limit and ultimate strength with increased thickness 
metal; but the attempt was failure, the results showed much 
irregularity, and really indicated that these characteristics eye-bars 
are substantially independent the thickness. Such conclusion, 
however, would not warranted, unless the metal which all the 
eye-bars were composed was practically uniform composition, which 
was not, any means, except far the percentage nickel 
was concerned. 

order obtain, possible, some general information value 
from these Blackwell’s Island Bridge tests, the writer has prepared 
averages the chemical compositions; the elastic limits, ultimate 
strengths, elongations, and reductions area, both unannealed and 
annealed specimens; and the thicknesses, elastic limits, ultimate 
strengths, elongations, and area full-sized bars, but, 
making the averages, rejected the elongations and reductions 
area those bars that broke the eye. The results these computa- 
tions are follows: 

Chemical Analyses. 


Unannealed Specimens. 


Reduction 29.9% 
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Annealed Specimens. 


Ultimate strength ............... 


Full-Sized Eye-Bars. 


Ultimate strength ............... 
Reduction 36.3% 


Comparing these average results with the corresponding figures 
given the preceding “Specifications for Nickel-Steel Bridges,” the 
following conclusions are reached: 

The impurities phosphorus and sulphur are well within the 
limits the specifications, the percentage carbon points less, 
the percentage manganese points less, and the percentage nickel 
points less; but, this eye-bar metal compared with the plate- 
and-shape steel the specifications, the percentages carbon and 
manganese are found almost the same, and the percentage 
nickel only points less; consequently, the average metal the 
Blackwell’s Island Bridge eye-bars almost identical composition 
with the plate-and-shape steel the specifications, and with the special 
melts made for the writer’s experiments. 

The average elastic limit and ultimate strength unannealed 
are very near the lower limits the specifications for plate- 
and-shape steel, and considerably below those for eye-bar steel. Had 
the specifications for plate-and-shape steel been used for the manu- 
facture these eye-bars, and had advantage been taken the clauses 
permitting the lowering the elastic limit and ultimate strength with 
the increased thickness metal, there would have been special 
difficulty with the specifications, far the testing 

Had the specifications for eye-bar metal been used for the manu- 
facture these eye-bars, there would have been numerous rejections 
because elastic limit, but very few, any, account ultimate 
far the testing unannealed specimens concerned. 
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for elongation unannealed specimens, evident that there 
would have been very little difficulty complying with the specifica- 
tions for plate-and-shape steel, and none all complying with those 
for eye-bar steel. 

respect the tests full-sized eye-bars, the average ultimate 
strength fell some 6000 Ib. below the requirements the specifica- 
tions, and the average elastic limit about 2500 lb. below. course, 
individual instances, the discrepancies were much greater. 

Had the eye-bar specifications been drawn on-the assumption that 
plate-and-shape steel was used for eye-bars, the limiting ulti- 
mate strength for 2-in. bars would have been about 500 per sq. 
in., and the corresponding elastic limit about per sq. in. 
every test the elastic limit would have been complied with, but 35% 
the tests the ultimate strength would have fallen short, sometimes 
materially so, owing the fact that many bars broke the eye. 

for the elongation, difficulty would have been found com- 
plying with the specifications. 

Comparing the differences elastic limit and ultimate strength 
between unannealed and annealed specimens, the averages all the 
tests show, respectively, 6233 and 9301 the corresponding per- 
centages being 10.3 and 8.7. The writer found his experiments ap- 
proximately and which fairly close agreement. 

Concerning the differences elastic limit and ultimate strength 
between unannealed specimens and full-sized eye-bars, the averages 
all the tests show, respectively, 10604 and 17567 lb., the corre- 
sponding percentages being 17.5 and 16.4. The writer found his 
experiments approximately and These discrepancies are mainly 
due the fact that the inspector made his specimen test slowly, but 
possibly part more careful annealing the eye-bars. data 
were obtained from the American Bridge Company concerning the 
annealing their nickel-steel eye-bars, but the writer hopes that some 
its officers, discussing this paper, will treat this point thoroughly. 

Method Determining Elastic method described 
the specifications for determining the elastic limit will suffice while 
the building nickel-steel bridges still its infancy, because 
first there will ample time for testing the new metal; but, after- 
ward, when the manufacture such structures from nickel 
comes general, the testing will have done more commercial 
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basis, and the elastic limit will then have determined the drop 
the beam. 


For such conditions, this specification suggested: 


“The elastic limit, testing specimens, may determined the 
drop the beam, according the accepted practice all steel mills, 
provided the speed the machine the movement the head not 
more than in. min., the elastic limit, and that the weight 
moved out hand uniform speed sufficient keep the beam 
very light contact with the upper cross-piece. The speed, after the 
elastic limit passed, shall not greater than in. sec. nor less 
than in. min.” 


The true elastic limit may determined just described, pro- 
vided the operator maintains uniform movement weight, speci- 
fied. 

Little dependence can placed the elastic limits from specimen 
tests usually made, because the speed the machine rapid 
that the lever kept pressed hard against the upper cross-bar, and 
thus the elastic limit passed 4000 per sq. in. before 
the beam has chance drop. The ultimate strength exaggerated 
the same manner, but not usually the same extent the elastic 
limit. order obtain proper and reliable records for all specimen 
tests, the limits the speed, both before and after the elastic limit 
passed, should materially reduced, but not such extent 
either involve hardship for the manufacturer cause the in- 
spectors excessive labor trouble. 

Tensile has been shown previously, for this item, that 
there will special difficulty filling the requirements the 
specifications for the three kinds nickel steel; especially re- 
membered that the figures given limits may reduced 3000 lb. 
each for specimens taken from the interior, and that there sliding- 
scale reduction for specimens exceeding certain thickness. With 
these limitations, manufacturers should have serious difficulty 
obtaining all cases the ultimate strength called for. 

Elastic preceding remarks upon the specification for 
ultimate strength apply the elastic limit specification well. 

specifications governing elongation are 
means difficult fill; indeed, they are possibly not severe enough, and 
the future may advisable raise the percentages somewhat. 
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Bending Tests.—None the requirements specified for bending are 
difficult satisfy, provided the operator does not attack the metal 
brutally, but gives chance show what worth taking 
plenty time and the bend not made too sharp. 

Drifting Tests—Nor are the drifting-test requirements difficult 
satisfy, the operator will not strike too hard blows and will 
turn the plate over quite often. The enlargement the holes should 
always made gradually and with care. 

practically all the test pieces this series tests 
complied with this requirement, there should difficulty the 
future living it. 

Full-Sized Eye-Bars.—As not likely that nickel-steel eye-bars 
will made less than in. more than in. thick, not prob- 
able that there will any special difficulty obtaining ultimate 
strengths 100000 lb. for the smaller thickness, and 90000 lb. for 
the greater thickness. The writer found, for the weakest his 2-in. 
bars, ultimate strength 89000 lb. per sq. in., and, the metal 
specified for eye-bar steel lb. stronger specimens than that 
which his eye-bars were fabricated, there ought difficulty 
meeting the requirements. 

The elastic limit nickel steel never falls below 55% the ulti- 
mate strength. 

Cast specifications for cast steel are not 
fill, and they should prove any particular would easy 
enough and perfectly legitimate amend them, castings form but 
small portion bridge material. 

Impact Allowance Loads.—The impact allowance loads are the 
same those given “De Pontibus,” and their reliability has never 
been questioned; for generally conceded that they are decidedly 
excess the real impact. was the writer’s intention, when the 
book was written, make them cover, not only the actual impact, but 
also small, unavoidable secondary stresses and slight inequalities 
stress distribution. The various intensities working stresses adopted 
were properly adjusted these impact allowances. 

Tension Eye-Bars.—There are several ways checking the cor- 
rectness the per sq. in. for the working stress eye-bars. 
One take the ratio least allowed elastic limits for full-sized 
eye-bars nickel steel and carbon steel and multiply 
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intensity given “De Pontibus” for carbon-steel eye-bars, namely, 
lb. The result would be: 
000 
Another way use the ratio least allowed ultimate strengths 
full-sized eye-bars. The result would then be: 
Still another check use the ratio least allowable elastic 
limits for specimen tests, which would give: 


000 

Or, adopting the ratio least allowable ultimate strengths 
specimens, there results: 

115 000 000 
000 

Averaging these four results gives 32100 which well above 
the specified. 

Tension Built intensity given the new speci- 
fications 000 and that for carbon steel from “De Pontibus” 
16000 Applying the ratio least allowable elastic limits, gives: 

Or, taking the ratio least ultimate strengths: 


105 000 
000 


true that the first check shows deficiency 600 but 
this small amount fully compensated for the greater resistance 
nickel steel the abuse which all metal receives the shops. 

Tension Net Section Flanges Beams, intensity 
tension net section specified for nickel steel 24000 and 


that for carbon steel 14000 lb. Applying the ratio least elastic 
limits gives: 


800 


400 lb. 


500 


000 


ratio bending resistances pins for 
plate-and-shape nickel steel and carbon steel found the tests 
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1.85. eye-bar steel about stronger, this ratio should in- 
creased 1.85 1.08 2.0. The working intensity for bending 
pins carbon steel consequently, that for pins high- 
nickel steel 27000 54000 while the specifications 
for only 50000 Ib. the ratio 1.85 were used, the intensity 
would almost exactly 50000 Ib. 

Bearing Pins.—For bearing pins, the writer found, for plate- 
and-shape steel compared with carbon steel, ratio 1.66. The in- 
tensity for carbon steel consequently, the application 
the ratio would give 22000 1.66 500 lb. Owing the superior 
stiffness nickel steel, and because the intensity given “De 
Pontibus” rather low for bearing pins compared with the other 
intensities the specifications, the intensity for bearing 
steel pins was taken 38000 Ib. must remembered 
not for the high steel the pin, but for the lower steel 
the bearing. 

Bearing experiments show that for rivets the ratio 
bearing stresses 1.83. The intensity for carbon steel 
Applying the ratio gives 20000 1.83 36600 Ib. method 
calculating this take the 38000 lb. found for bearing pins 
and multiply the ratio least elastic limits rivet nickel steel 
and plate-and-shape nickel steel, giving 38000 45000 60000 
500 lb. compromise between these two widely varying results, 
value 30000 lb. was adopted. 

Shear Pins.—As experiments were made shear pins, 
the proper intensity can taken proportion from the established 
bending intensities for both nickel-steel and carbon-steel pins and 
from the given working shear 15000 per sq. in. for carbon-steel 
pins, thus 15000 50000 27000 27800 lb. The amount 
adopted the specifications only 000 

Shear Rivets—The writer found the comparing ratio for ulti- 
mate strengths nickel-steel rivets and carbon-steel rivets shear 
about 1.4. Applying this the intensity working stress for 
rivets, namely, 10000 gives 14000 for the in- 
tensity shear nickel-steel rivets, which the figure adopted for 
the speeifications. 

Shear Webs Plate intensity working stress 
for carbon steel 10000 and, the ratio elastic limits for 
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plate-and-shape steel and carbon steel about 1.7, the intensity for 
shear web plates nickel steel should 000 given the 
specifications. 

Compression Formulas.—As the column tests nickel steel were 
limited six, the data for preparing formulas were very meager, but 
the comparing ratios found the writer for long and for short 
columns, namely, 1.47 and 1.75 (the ratios length least radius 
gyration for the two cases being, respectively, and 81), sufficed for 
the establishment empirical formulas similar those “De 
Pontibus.” 

The short struts tested correspond top-chord panel lengths, for 
which the carbon-steel formula is: 


The formula assumed for nickel-steel top chords the specifica- 
tions is: 


Testing this for 30, gives 


for carbon steel, 
and 26400 for nickel steel. 


The ratio these values 1.65, instead 1.75 shown the experi- 
ments. 


For 50, which the usual limit for top-chord sections rail- 


road bridges, 
14500 for carbon steel, 
and 24000 for nickel steel. 
The ratio these values 1.65. interpolation the experi- 
ments, this would have been about 1.64. 
These examples show that the new top-chord formula errs the 


side safety for small values and just right for the usual 
values top chords. 

The formula for inclined end posts nickel steel was obtained 
approximately from that found for the top chords simply varying 


the coefficient the ratio the corresponding coefficients the 


formulas for struts. 
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For all other columns with fixed ends the formula 


sumed the specifications was: 


while that for carbon-steel struts is: 


The usual average value for such struts about 80, for which 


the formulas give: 
17400 for nickel steel, 
and 11200 for carbon steel. 
The ratio these values 1.55, which somewhat more than the 
ratio given the experiments for hinged ends; but would probably 
amply safe for fixed ends. 
The formula for all other nickel-steel struts with one two hinged 
ends was derived from the formula for similar struts with fixed ends 


modifying the coefficient about the same ratio exists 


the two carbon-steel column formulas, namely, 1.33. Thus, 
120 1.83 160; which the constant adopted the nickel-steel 
column formula for hinged ends. 

Testing this for gives: 

14200 for nickel steel, 
and 9600 for carbon steel. 
The ratio these values 1.48, which agrees almost exactly with 
the results the experiments. 

soon nickel steel actually used for building bridges, will 
become necessary make some additional experiments columns 
with both fixed and hinged ends for various lengths either es- 
tablish some new formulas verify the preceding ones. Meanwhile, 
will perfectly safe the latter designing nickel-steel 
bridges. 

Compression End Stiffeners Plate intensity 


for carbon-steel stiffeners lb., and for end stiffeners 


small, say not exceed 40, the safe ratio use will 1.68, hence 
the intensity for nickel-steel end stiffeners could 14000 
500 while the specifications call for only 000 
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Formula for Forked forked ends likely run 


high 80, the safe ratio will about 1.5. Applying this the 
carbon-steel formula, namely, 
t 
which the formula adopted for forked ends nickel steel. 
Formula for Expansion carbon-steel formula for ex- 
pansion rollers 600 Applying the general ratio strength, 
namely, 1.7, gives for the constant 1.7 600 1040; hence the 
formula for nickel-steel rollers rest was made 1000 
For rollers motion, this was changed 400 
The only specification previously written for nickel steel bridges, 
far the writer knows, that Buck, Am. Soe. E., 
for the Manhattan Bridge, issued the Department Bridges the 
City New York. the following intensities are specified for 
nickel-steel members for combination dead load, temperature, and 
congested live load, for combination dead load, regular live 
load, temperature, and wind. 


gives 15000 450 


Pounds per square inch. 
Tension stiffening trusses.................. 40000 


Compression stiffening trusses.............. 000 150 
Shear rivets stiffening trusses (field)..... 000 


the writer’s proposed specifications are for combination 
dead load, live load, impact-allowance load, and wind load, his allow- 
ance for impact, for the purpose comparison, may allowed off- 
set Mr. Buck’s allowance for temperature. For this combination, the 
writer’s intensities working stresses would follows: 

Pounds per square inch. 
Tension stiffening trusses (eye-bars)........ 37500 
Tension stiffening trusses (shapes)......... 000 


Compression stiffening trusses (chords)..... 150 

Compression stiffening trusses (webs), fixed 
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Compression stiffening trusses (webs), hinged 


Shear rivets stiffening trusses (field)..... 
Bearing rivets stiffening trusses (field)... 30000 


Comparing the two sets figures, will seen that Mr. Buck 
has every case strained his nickel steel higher than the writer has 
strained his, notwithstanding the fact that the requirements for 
strength metal Mr. Buck’s specifications are decidedly less than 
those the writer. evident, therefore, that, compared with 
the dicta the sole present authority the nickel steel 
bridgework, the specifications herein presented for the designing 
nickel-steel bridges err assuredly the side safety. true that 
Mr. Buck’s specifications are for very long span, and consequence 
his intensities working stresses are permitted run high the 
best established engineering practice; but must remembered that 
the writer’s intensities, the impact allowance his specifications, 
are adjusted properly for spans all lengths. 

making this comparison the writer not endeavoring criti- 
cise Mr. Buck’s but simply anticipating possible 
criticism his own the plea overstraining the nickel steel. 

Figs. 21, inclusive, are given the weights all ordinary 
single-track and double-track railway bridges for all spans 
1800 ft. There are included four types cantilever bridges, namely, 
suitable where only one long span necessary. Type for 
bridge very great length, where two long main spans are required. 
Type for the case where the total length greater than for Type 
but short compared with that for Type regards economy 
metal, Type comes next Type Type intermediate 
tween Types and These four types cover all the passible lay- 
outs spans for cantilever bridges, least all that are consistent 
with good engineering practice. 

Class the “De Pontibus” specifications was adopted the 
live load for simple-span bridges; and, for cantilever structures, Class 
was used for the stringers, Class for the floor beams and the 
primary truss members, and Class for the main truss members. All 
the cantilever structures were assumed have double such 
bridges are now rarely, ever, built with single tracks. 
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For the purpose record, all lay-outs for cantilever bridges were 
assumed have the following constant proportions between the lengths 
their various spans: 

Calling the length the main span Type will the 
length the suspended span and that each cantilever arm and 
each anchor arm. For the anchor span, when there one, the 
length will These proportions are all shown correctly scale 
Fig. The plotted weights metal per linear foot span for 
the cantilever bridges are the average weights for the entire length 
structure. 

The weights metal per linear foot span for the carbon-steel 
bridges were computed using the specifications “De Pontibus,” 
and those for the nickel-steel and mixed-steel bridges the specifica- 
tions this paper combined with those “De Pontibus.” These 
weights are accurate they can well made, and much time was 
spent the writer’s office force calculating them. some future 
time, after bridge building nickel steel has been inaugurated, the 
writer will give the Profession curves weights metal per 
linear foot nickel-steel, mixed-steel, and carbon-steel bridges for all 
his standard live loads; but, for the present, those offered this paper 
will have suffice. 

From the weights metal per linear foot, given Figs. 21, 
inclusive, from various assumed pound prices carbon-steel bridges 
erected, and from various assumed differences pound prices 
superstructure metal delivered site, nickel steel and carbon 
steel, the costs dollars per linear foot span (for bridges all 
types “all nickel steel,” “mixed steel,” and “carbon steel”) were 
plotted, and are given Figs. 72, inclusive.* 

The range pound prices for carbon steel erected from 2.5 
5.5 cents for plate-girder bridges, and from 3.0 3.5 cents 6.0 cents 
for all other bridges. These ranges are likely include, for many 
years, all the conditions the market for carbon-steel bridges erected 
although general prosperity and distant and diffi- 
cult might cause the superior limits passed occasionally. 
Such contingency, however, too remote warrant the preparation 


154 diagrams are reproduced this paper. The others may seen the 
Society’s Library. These 50, however, are all that will usually needed the im- 
future when comparing the costs carbon-steel bridges with those bridges 
built nickel all parts where the adoption the alloy economical, and carbon 
steel all other parts. 
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more diagrams than those that accompany this paper, especially 
since, such case, would require only few minutes make 
proportion the necessary correction for the special proposed structure, 

The differences pound prices nickel steelwork and carbon 
steelwork delivered site range from 0.6 cent 2.0 cents. These 
ought sufficient, for when the difference becomes low 0.6 
cent, these tables will have served their purpose and become obsolete, 
then practically all bridges will built nickel steel; and 
even to-day variation cents would indicate excessive over- 
charge the part the manufacturers. the case the Manhat- 
tan Bridge, the difference bid the contractors between nickel-steel 
eye-bars and carbon-steel eye-bars erected was 1.5 cents per lb.; con- 
sequently, the difference for the steels delivered site would have 
been somewhat less than that amount. true that the difference 
cost manufacture entire bridges nickel steel and carbon 
steel somewhat greater than the corresponding difference the case 
eye-bars alone, but the variation certainly not great cent 
per lb. greater difference than cents per lb. between the values 
nickel steelwork and carbon steelwork delivered site should occur 
any case, would easy matter plot curve meet the 
condition proportionate extension diagram that 
used, 

The plotted pound prices for carbon-steel bridges erected vary 
cent per lb. case desired assume any price intermediate 
between those the diagrams, the comparison between costs per foot 
nickel-steel, mixed-steel, and carbon-steel bridges erected should 
made, first, for the next greater price and then for the next lower 
one, after which the necessary interpolation would simple matter. 

The proportion the total cost the erected metal which pertains 
the erection has been arbitrarily assumed for convenience per 
cent. This gives range from 0.5 cent 1.2 cents per Ib. the 
cost erection, which fair assumption, for, even elevated-rail- 
road work, the cost erection and painting seldom low cent 


per and for railroad bridges, even remote localities, does not 


often exceed 1.2 cents per lb. For cantilever bridges, the cost 
tion might more, and thus comparison cost slightly too favor- 
able nickel steel might made, were not for the fact that 
such large structures the use this metal will have tendency 
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lower comparatively the pound cost erection, because the decrease 
weight individual members facilitates progress and reduces the 
cost the traveler, derricks, and other heavy apparatus. the 
whole, the assumption made for the proportionate cost erection is, 
perhaps, the fairest that could adopted. 

comparing the costs erection nickel-steel bridges and 
carbon-steel bridges due cognizance was taken the fact that, for two 
similar bridges equal carrying capacity, while the total cost 
erection the nickel-steel structure less than that for the carbon- 
steel structure, the cost per pound the former greater than the 
latter, because certain items expense are constant while others vary 
with the weight metal handled. The writer has assumed that one- 
half the total expense constant and that the other half will vary 
directly with the weight metal. This accurate division 


can assumed. Upon this basis was established the following mathe- 
matical statement: 


Let metal per linear foot span the 
bridge, 
ditto for the nickel-steel bridge, 
per pound for erecting the carbon-steel 
bridge, 
ditto for the nickel-steel bridge, 
cost per linear foot for erecting the nickel-steel 


bridge, 
then cost per linear foot for erecting ‘the carbon-steel 
bridge, 


plotting the curves cost bridges and mixed- 
bridges erected, given the diagrams, the cost per pound the 


the alloy was computed this last equation. 

types bridges covered the diagrams are follows: 
Single-track, deck, plate-girder spans, 
Single-track, half-through, plate-girder spans, 
Single-track, through, riveted, Pratt-truss spans, 
Single-track, through, pin-connected, Pratt-truss spans, 
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Single-track, through, pin-connected, Petit-truss spans, 

Double-track, through, riveted, Pratt-truss spans, 

Double-track, through, pin-connected, Pratt-truss spans, 

Double-track, through, pin-connected, Petit-truss spans, 

Double-track, through, pin-connected, “Type A,” cantilever 
bridges, 

Double-track, through, pin-connected, “Type B,” cantilever 
bridges, 

Double-track, through, pin-connected, “Type cantilever 
bridges, 

Double-track, through, pin-connected, “Type D,” cantilever 
bridges. 


These twelve types (barring double-track, plate-girder spans) cover 
practically all the bridges that are built nowadays the United States. 
the case any type not included the preceding list, the dia- 
grams may used adopting that one for the structure most like 
and for the existing conditions the metal market. The differences 


Fig. 22, were explained previously. the diagrams weights 
these cantilever bridges must not forgotten that the weights 
metal per linear foot bridge given are the averages from end end 
structure, and are not the weights per foot for any particular span 
spans. 


computing the weights metal for various spans which are 
plotted Figs. 21, inclusive, was found, might readily 
have been anticipated, that the economic truss and girder depths are 
somewhat less for nickel-steel than for carbon-steel bridges. The 


sons for this are: first, that, comparison with carbon steel, nickel 


steel can strained higher the compression members chords 
than those webs; and, second, that the webs 
bridges there are necessarily more minimum sections used than 


those carbon-steel bridges.. 


evident that, account both the smaller economic depths 


and the higher intensities working stresses, the deflections nickel- 


steel spans will greater than those corresponding carbon-steel 
spans. However, this increase deflection not matter any 


great importance. 
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If, eventually, nickel steel should supplant carbon steel bridge- 
work, the latter metal will continue used for long time parts 
that not stress (such stay-plates, lacing bars, and web 
stiffeners), the lateral systems all bridges, except those ex- 
tremely long spans; and truss members having much larger sec- 
tions than the stresses call for, such web members near mid-span 
and the secondary vertical posts Petit trusses. 

some cases, especially when bridge metal cheap, still fur- 
ther saving might effected making the entire floor system 
carbon steel; but the amount money thus gained the floor 
would small, and would have reduced somewhat the 
increased cost trusses due the slightly greater dead load, this 
kind economy problematical. long-span bridges the necessity 
keeping the dead load low possible would preclude the adoption 
carbon steel for the floor system, even the use such steel there 
were per decidedly the cheaper. 

all the diagrams has been assumed that carbon steel would 
used exclusively for lateral systems; but fact that long 
spans would economical adopt nickel steel for some the 
heavier lateral members, consequently, the comparative costs long- 
span bridges, carbon-steel and mixed-steel, case actual de- 
signs with careful detailing, might show even greater differences 
those given the curves. 

order demonstrate how the diagrams are used, will 
well assume few cases and apply the curves their solution. 

Case 1.—A long, single-track bridge consists succession half- 
through, plate-girder spans 100 ft. each, carbon steel erected cost- 
ing 4.5 cents per and nickel steel delivered site being worth 1.6 
cents per lb. more than carbon steel. Find the comparative costs 
carbon-steel and mixed-steel bridges. 

Turning Fig. 31, there are found $101.50 the cost per linear 
foot the metal the carbon-steel bridge, and $92 the correspond- 
ing cost for the mixed-steel bridge. 

Case 2—A double-track bridge consists four riveted, through 
spans 200 ft. each, carbon steel erected costing cents per lb., and 
steel delivered site being worth 1.4 cents per lb. more than 
carbon steel. Find the comparative costs carbon-steel and mixed- 
steel bridges. 
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Turning Fig. 51, there are found $188 the cost per linear 
foot the metal the carbon-steel bridge, and the corre- 
sponding cost for the mixed-steel bridge. 

Case double-track, Type cantilever bridge has main 
span 1050 ft. built carbon steel, would cost 5.5 cents per 
lb. erected. Nickel steel delivered site worth 1.5 cents per 
more than carbon steel. Find the comparative costs carbon-steel 
and mixed-steel bridges. 

Turning Fig. 69, there are found the following: 


Mixed-steel bridge for excess 


interpolation for excess 549 


attempt will made anticipate what will the probable 
excess pound price for shopwork nickel steel compared with car- 
bon steel, using basis the present average cost reamed shop- 
work, which approximately cent per lb. the principal 
bridge shops. This figure includes all expenses and fixed charges 
every kind, such heat, light, power, and office expenses. 

obtain result that closely accurate, will necessary 
itemize the various shop costs for carbon-steel work, add each item 
its pro rata share general expense, determine for each item the 
approximate ratio increase for nickel-steel work, and caleulate the 
increased items and increased total cost per pound. 

The division cost given Table probably good average 
could assumed; but must remembered that any division 
whatsoever would vary with the style and individuality the shops, 
with the character the construction, and even with the personnel 
the shop management. Table gives all the information required 
for obtaining the cost reamed shopwork nickel steel for bridges. 

Each the ratios increased cost given Table was 
considered consultation with John Lyle Harrington, Am. Soc. 
E., and the items division shop cost were furnished him. 

Table shows that the excess cost per pound for the manufacture 
nickel-steel bridges, compared with carbon-steel bridges, 0.15 
cent. Curiously enough, this exactly the figure named the writer 
four years ago off-hand guess Schneider, Past-Presi- 
dent, Am. Soe. 
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TABLE 5.—Comparison Cost PER FOR 
STEEL AND NICKEL STEEL. 


Cost shop- Ratio Cost shop- 
work per pound| increased cost work per pound 
tems. for carbon for nickel for nickel 
steel. steelwork. steel. 
Shearing and straightening............. 0.04 1.10 
Assembling and bolting........... 0.182 
Reaming and drilling....... ........... 
Total and 0.950 cent. 


Nickel-steel ingots, when nickel worth cents per lb., cost 
about cent per more than those carbon-steel; and the differ- 
ence cost rolling should certainly not exceed cent per lb. 
Allowing 20% profit these excess costs would make the total excess 
cost nickel-steel bridgework delivered site 1.5 cents per lb. The 
almost exact agreement this difference with that for the eye-bars 
the Manhattan Bridge appears pretty conclusive. 

Adopting, then, 1.5 cents the probable difference pound prices 
nickel steelwork and carbon steelwork delivered site, will 
interesting compare the costs bridges carbon-steel and 
mixed-steel all the twelve kinds covered the diagrams. 

making this comparison, will assumed that the average 


pound prices for carbon-steel bridges erected throughout the United 
States are follows: 


Pin-connected, Pratt-truss 


The reason for the greater assumed pound costs long-span 
bridges mainly expensive erection, because such spans are generally 
used where the erection conditions are costly. 
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From Fig. found that for deck, plate-girder spans, carbon- 
steel bridges are cheaper than mixed-steel bridges only for spans 
less than ft., and that all greater spans they are more expensive. 
study Figs. 30, 36, 41, 47, 52, 57, 63, and shows that, for the 
conditions assumed, carbon-steel bridges are invariably more expensive 
than those mixed nickel and carbon steels. The percentages the 
greater cost are given Table 


TABLE Excess Cost CARBON-STEEL 


Approximate 
Type Structure. Least. Greatest. average. 

Single-track, half-through, plate-girder spans +12 
through, riveted, Pratt-truss 

through, pin-connected, Pratt- 

-track, through, pin-connected, Petit- 

Double-track, through, riveted, 

Double-track, through, pin-connected, Pratt- 

Double-track, through, pin-connected, Petit- 

General average for all bridges............... +17 
| | 


Summarizing, evident that would economical the pres- 
ent time use nickel steel for all kinds railroad bridges, and the 
longer the spans the greater the economy. might shown also 
that nickel steel would economical for certain highway bridges, but 
its adoption would certainly inadvisable for ordinary county bridges, 
because the use the new metal might cause such structures “vanish 
into thin air.” 

The general use nickel steel for bridges not only would result 
decidedly cheaper structures, but also would permit the building 
longer spans than are present attainable. 

For instance, generally conceded bridge engineers that the 
present greatest practicable main-span length for cantilevers built 
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carbon steel the neighborhood 2000 ft. Fig. are plotted 
the probable weights metal per linear foot bridge carbon steel 
and nickel steel for main spans far longer than any yet designed 
computed. The method adopted for plotting was record the already 
diagrammed weights for spans ft., 1350 ft., 1500 ft., 1650 
and 1800 ft., pass through the five points each record circular 
curve, and carry that curve the limits the paper. The weights 
metal thus established for spans unprecedented length are prob- 
ably fairly accurate. any case they are sufficiently for the pres- 
ent purpose, which simply determine approximately the main span 
lengths cantilever bridges “Type that have the same average 
weight metal per linear foot for the two kinds steel. The dia- 
gram gives the following corresponding main-span lengths: 


Carbon-steel bridges......... ft. 409 ft. 600 ft. 800 ft. 000 ft. 


From this will seen that ft. assumed the present 
practicable limit span length for carbon-steel bridges, the corre- 
sponding limit for nickel-steel bridges will about ft.; or, 
assumed 2000 ft., the corresponding limit for nickel-steel 
construction will 2600 ft. safe, therefore, conclude that 
the adoption nickel steel for bridges would lengthen the practicable 
span length for cantilevers fully 500 ft. The writer foretold this re- 
sult just before the experiments nickel steel for bridges were in- 
augurated. 

the question greatest span length one economics instead 
practicability, the curves Fig. should used. These were 
prepared from the data Fig. 69, assuming that the excess value 
nickel steel delivered site 1.5 cents per lb. 

The diagram gives the following corresponding lengths main 
spans for equal costs per linear foot bridge: 


Carbon-steel bridges......... 200 ft. 400 ft. 600 ft. 800 ft. 000 ft. 


The principal application the results this last investigation 
the comparative economy cantilever and suspension bridges; 
for known that for carbon-steel construction the length 
cantilever main span corresponding equal cost per foot ft., 
can seen from the table that for nickel-steel construction 
2265 ft. 
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Summarizing the results this entire investigation nickel 
for bridges, evident that nickel steel every way fitted for 
bridge construction, that strong, tough, workable, and reliable; 
moreover, its adoption would effect decided economy. This economy 
would increase the future the cost nickel decreases and the 
shops become more accustomed the fabrication the new alloy. 
That nickel will soon less expensive foregone conclusion, view 
the immense deposits nickel ore that have been located and sur- 
veyed Canada. said upon good authority that there has been 
found one deposit that country ore containing fully tons 
the metal. 

While the writer has never known nickel have been sold for less 
than cents per nevertheless, the opinion that, should this 
material called for large tonnages for bridge building, might 
purchased low cents. makes great difference the 
price the producer whether metal is-sold the pound the 
ton; and tons nickel would required where pounds are bought to- 
day, were nickel steel used extensively for bridgework. 

cents per lb. for nickel, the price rolled nickel steel would 
about 0.2 cent per lb. lower than would with nickel cents 
per and likely that the cost manufacture would reduced 
the same proportion, thus making the price nickel-steel bridge 
metal delivered site 1.2 cents per lb. above that carbon steelwork. 
study the accompanying diagrams will show the great economy 
using nickel steel for bridges under such conditions. 

concluding this paper the writer desires ask for thorough 
discussion, and express the hope that the effect the paper and 

the discussion will hasten materially the adoption nickel steel 
for bridges. 
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DISENGAGING 
CATCH 


Box 
Weight 50 lb, 


Diam. 


Scale 


TONGUE 


SECTION A4-B 


18T AND 2D SERIES 


BRACING PLATE TOP 
Note: 


Weight diam. 
Weight 205 |b. 


as with that for Ist and 2d series. 


Rods 
Screwed into 

Round 
to stop weight 


if 5 ¢ merete 
; MACHINE FOR BREAKING SPECIMENS UNDER IMPACT 
8D SERIES 


Same catch and same support for 
specimens were used with this apparatus 
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TESTS RELATIVE CORROSION 
CARBON AND NICKEL STEELS. 
SULPHURIC ACID. 


The Osborn Engineering Co, J.A.L.Waddell, 
(One Per Cent Solution) (Two Per Cent Solution) 


Duration of Test, in Days. 
Duration Test, Days. 


| 4¢ nickel steel. 
nickel steel. 
-———Carbon steel. 


Loss Weight, Percentage. 
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TESTS RELATIVE CORROSION 


CARBON AND NICKEL STEELS. 


Waddell 


o 
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= 


Percentag 


Loss Weight, 


SALT 
3 
1000 
0 = -——~—Carbon steel. -—- Low-nickel steel. 
~ 3 0 - 0 
Fie. 


High-nickel steel. 
Carbon steel. 


Low-nickel steel. 


LOCOMOTIVE GAS 
1 2 
Loss Weight, Percentage 
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TESTS RELATIVE CORROSION 
CARBON AND NICKEL STEELS 


The Osborn 
Engineering Co. 
—-—- 3% nickel steel. 
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TESTS RELATIVE CORROSION 
CARBON AND NICKEL STEELS. 


CINDERS 


The Osborn Engineering Co, J.A.L, Waddell. 


Duration of Test, in Days. 


Duration Test, Days. 


4% nickel steel. 
—-—3% nickel steel. 


Loss Weight, Percentage. 
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NICKEL AND CARBON STEEL 
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WEIGHTS 
SINGLE-TRACK, DECK, 
PLATE-GIRDER SPANS. 
LIVE LOAD- CLASS 
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SPANS CARBON STEEL AND 
MIXED 
NICKEL AND CARBON STEELS, 
CARBON STEEL ERECTED COSTING 
4.5 CENTS PER POUND 


4 
3 
=> 
3 
= 
[=] 
— 
~ 
a 


Cost of Metal Erected, in Dollars per Linear Foot of Span 


Span, Feet 
31, 


808 [Papers. 
+4 
a +4 


Papers. 


NICKEL STEEL FOR BRIDGES 809 
on 
COMPARATIVE COST 
q SINGLE-TRACK, HALF-THROUGH, PLATE-GIRDER 


SPANS CARBON STEEL AND 


MIXED 
NICKEL AND CARBON STEELS, 


CARBON STEEL ERECTED COSTING 110 
5.0 


Cost of Metal Erected, in Dollars per Linear Foot of Sp 


30 40 50 60 70 80 90 100 110 120 
Span, Feet 


DE 
Fe 
HHH 


‘uvdg jo 004 10d ul JO 


9 ¢ > 


COMPARATIVE COST 
160 


-TRACK, THROUGH, RIVETED, PRATT-TRUSS 


SPANS CARBON STEEL AND 
NICKEL AND CARBON STEELS, 
CARBON STEEL ERECTED COSTING 
CENTS PER POUND 


150 


Span,in Feet. 


EEL FOR BRIDGES 
anp 34. 


SPANS CARBON STEEL AND 
140 


NICK 
COST 
THROUGH, RIVETED, 
NICKEL AND CARBON STEELS, 
CARBON STEEL ERECTED COSTING 
3.0 CENTS PER POUND 


SINGLE-TRACK 


add 
‘uvdg jo yooy dad UL *poqool JO 


810 
ii ‘ 
| 
100 190 


Papers. 


Cost of Metal Erected, in Dollars per Linear Foot of Span. 


SINGLE-TRACK, THROUGH, RIVETED, 
SPANS CARBON STEEL AND 


CARBON STEELS, 
CARBON STEEL ERECTED COSTING 


4.0 CENTS PER 


NICKEL STEEL FOR BRIDGES 811 


MIXED 


+ 


COMPARATIVE COST 
SINGLE-TRACK, THROUGH, RIVETED, PRATT-TRUS 
SPANS OF CARBON STEEL AND 
MIXED 
NICKEL AND CARBON STEELS, 

CARBON STEEL ERECTED COSTING 
4.5 CENTS PER POUND 

150 160 170 180 190 200 
Feet. 


4 


140 
130 
106 


‘uvdg jo 100.4 10d uy] [VIEW JO 


4 


z 
~O 
Q 2rax<w 


+ 


812 
HE 
100 110 170 180 190 


813 


NICKEL STEEL FOR BRIDGES 


\ : N 


PIN-CONNECTED, 
RBON STEEL AND 


NICKEL AND CARBON STEELS, 


THROUG 


qo 
w 
= 
< 
= 


anp 89, 


INGLE-TRACK 
PRATT-TRUSS SPANS 


PER POUND 


MIXED 
NICKEL AND CARBON STEELS, 
CARBON STEEL ERECTED COSTING 
ENT 


COMPARATIVE 
SINGLE-TRACK, THROUGH, PIN-CONNECTED, 
PRATT-TRUSS SPANS CARBON STEEL AND 


D 


322 


ARBON STEEL AND 


MIXED 
NICKEL AND CARBON STEELS, 
CARBON STEEL ERECTED COSTING 
CENTS PER POUND 


MIXED 
NICKEL AND CARBON STEELS, 
CARBON STEEL ERECTED COSTING 


COMPARATIVE COST OF 


SINGLE-TRACK, THROUGH, PIN-CONNECTED, 
PRATT-TRUSS SPANS CARBON STEEL AND 


CENTS PER POUND 


w 
z 
a 


NICKEL STEEL FOR BRIDGES 
Span, Feet. 
41, 


< 
a 
° 


SINGLE-TRACK, THROUGH 


PRATT-TRUSS SPANS 


814 


[Papers. 
160 
HH rm 17 
ry 
4 
210 4 
B10 330 
‘ 


rt 


COMPARATIVE COST 
SINGLE-TRACK, THROUGH, PIN-CONNECTED, 


-TRUSS SPANS CARBON STEEL AND 


PRATT 


MIXED 
NICKEL AND CARBON STEELS, 
CARBON STEEL ERECTED COSTING 
5.0 CENTS PER POUND 


NICKEL STEEL FOR BRIDGES 


COMPARATIVE COST 
SINGLE-TRACK, THROUGH, PIN-CONNECTED, 
PRATT-TRUSS SPANS CARBON STEEL AND 


o 
o 


MIXED 


Bz 
Ze 


sane 
On, 


Span, Feet. 
43. 


816 


250 


Cost Metal Erected, Dollars per Linear Foot Span 


SINGLE-TRACK, THROUGH, PIN-CONNECTED, 
PETIT-TRUSS SPANS CARBON STEEL AND 


NICKEL STEEL FOR BRIDGES 


COMPARATIVE COST 


MIXED 

NICKEL AND CARBON STEELS, 
CARBON STEEL ERECTED COSTING 
CENTS PER POUND 


400 425 450 500 


Span, Feet 
44. 


[Papers. 


Pape 


ot of Span 


in Dollars, per Linear Fo 


Cost of Metal Erected, 


7 


817 


NICKEL STEEL FOR BRIDGES 


CONNECTED 


F 


THROUGH, 


COMPARATIVE COST 


SINGLE-TRACK 
TRUSS SPANS CARBON STEEL AND 


MIXED 
NICKEL AND CARBON STEELS 
CARBON STEEL ERECTED COSTING 


POUND 


4.0 CENTS 


Feet 


Span, 
45. 


+ 
Ha 


uvdg jo joo aod Uy T 


wIOTY JO WOOD 


400 450 475 500 525 550 575 


818 NICKEL STEEL FOR BRIDGES [Papers. 


SINGLE-TRACK, THROUGH, PIN-CONNECTED, 
PETIT-TRUSS SPANS CARBON STEEL AND 
MIXED 
NICKEL AND CARBON STEELS, 
CARBON STEEL ERECTED COSTING 


4.5 CENTS PER POUND 


Cost Metal Erected, Dollars per Linear Foot 


COMPARATIVE COST 
SINGLE-TRACK, THROUGH, PIN-CONNECTED, 
PETIT-TRUSS SPANS CARBON STEEL AND 
MIXED 
NICKEL AND CARBON STEELS, 
CARBON STEEL ERECTED COSTING 
5.0 CENTS PER POUND 


475 
Feet. 


AND 47. 


Cost of 


- 
COMPARATIVE COST 300 
‘ | +H 
- 
“tT tT 
350 400 425 45 500 120 


240 


180 


160 


Papers. 


NICKEL STEEL FOR BRIDGES 


COMPARATIVE COST 
SINGLE-TRACK, THROUGH, PIN-CONNECTED, 
PETIT-TRUSS SPANS CARBON STEEL AND 
MIXED 
NICKEL AND CARBON STEELS, 
CARBON STEEL ERECTED COSTING 
5.5 CENTS PER POUND 


400 425 450 475 500 525 
Span, Feet 
48. 


Q 


COMPARATIVE COST 


DOUBLE-TRACK, THROUGH, RIVETED 


SPANS CARBON STEEL AND 


MIXED 
NICKEL AND CARBON STEELS, 
CARBON STEEL ERECTED COSTING 


CENTS PER POUND 


esplig jo 3007 tod savilod ul Jo 


COMPARATIVE COST 


RIVETED, 


MIXED 
NICKEL AND CARBON STEELS, 
RBON STEEL ERECTED COSTING 
P 


SPANS CARBON STEEL AND 
3.5 CENTS 


DOUBLE-TRACK, THROUGH, 


POUND. 


130 


120 


50. 


4 
120 
Hy 
100 110 140 150 160 170 180 
4 


* 


NICKEL STEEL FOR BRIDGES 


COMPARATIVE COST 


DOUBLE-TRACK, THROUGH, RIVETED, 


Cost of 


SPANS CARBON STEEL AND 
MIXED 
NICKEL AND CARBON STEELS, 
CARBON STEEL ERECTED COSTING 
4.0 CENTS PER POUND 


COMPARATIVE COST 
THROUGH, RIVETED, PRATT-TRUS 
SPANS CARBON STEEL AND 
MIXED 
NICKEL AND CARBON STEELS, 
CARBON STEEL ERECTED COSTING 
4.5 CENTS PER POUND 


Span, Feet 
52, 


180 


NICKEL STEEL FOR BRIDGES [Papers. 


H ani 
H HH HH HH 
COMPARATIVE COST 
DOUBLE-TRACK, THROUGH, RIVETED, PRATT-TRUSS [+ 
SPANS CARBON STEEL AND 
MIXED 
NICKEL AND CARBON STEELS, 
CARBON STEEL ERECTED COSTING 
5.0 CENTS PER POUND 


H HH 


200 


Hk 


Lt 


\ 
jae! 


Cost Metal Erected, Dollars per Linear Foot Span 


Span, Feet 


822 


Papers. NICKEL STEEL FOR BRIDGES 


COMPARATIVE COST 
DOUBLE-TRACK, THROUGH, PIN-CONNECTED, PRATT 
TRUSS SPANS CARBON STEEL AND 

MIXED 
NICKEL AND CARBON STEELS, 
CARBON STEEL ERECTED COSTING 


3.0 CENTS PER POUND 


= 
Nn 
a 
n 
8 


Span, Feet 
Fie. 54. 


HH 
— HH = 


NICKEL STEEL FOR BRIDGES [Papers. 


Li 
COMPARATIVE COST 
DOUBLE-TRACK, THROUGH, PIN-CONNECTED, 
PRATT-TRUSS SPANS CARBON STEEL AND 
MIXED 
NICKEL AND CARBON STEELS, 
CARBON STEEL ERECTED COSTING 
3.5 CENTS PER POUND 


mn 
° 
3S 
vo 
n 
So 
= 


Cost Metal Erected, Dollars, per Linear Foot Span 


Cost 


Span, Feet. 


250 


NICKEL STEEL FOR BRIDGES 


COMPARATIVE COST 
DOUBLE-TRACK, THROUGH, PIN-CONNECTED, 
PRATT-TRUSS SPANS CARBON STEEL AND 

MIXED 
NICKEL AND CARBON STEELS, 
CARBON STEEL ERECTED COSTING 
4.0 CENTS PER POUND. 


an 


n 
= 
a 
a 
Q 


3 
ape 
| 
Fi 
260 
340 


826 


Cost Metal Erected, Dollars per Linear Foot Span 


NICKEL STEEL FOR BRIDGES 


COM 


DOUBLE-TRACK, THROUGH, PIN-CONNECTED, 


PRATT-TRUSS SPANS CARBON STEEL AND 


MIXED 


NICKEL AND CARBON STEELS, 


CARBON STEEL ERECTED COSTING 


57. 


a 
N 
& 
8 
o 
— 
2 


[Papers. Ray 


400 


Dollars per Linear Foot Span 


Cost of - 


NICKEL STEEL FOR BRIDGES 827 


THROUGH, 
PRATT-TRUSS SPANS CARBON STEEL AND 
MIXED 

NICKEL AND CARBON STEELS, 
CARBON STEEL ERECTED COSTING 


5.0 CENTS PER POUND 


COMPARATIVE COST 
THROUGH, PIN-CONNECTED, 
SPANS CARBON STEEL AND 
MIXED 
NICKEL AND CARBON STEELS, 
CARBON STEEL ERECTED COSTING 


5.5 CENTS PER POUND 


= 
200 220 240 260 280 300 820 340 360 380 


Span, Feet 


near Foot Bridge 


Cost Metal Erected, Dollars per 


828 NICKEL STEEL FOR BRIDGES [Papers. 


COMPARATIVE COST 
DOUBLE-TRACK, THROUGH, PIN-CONNECTED, 
PETIT-TRUSS SPANS CARBON STEEL AND 
MIXED 
NICKEL AND CARBON STEELS, 
CARBON STEEL ERECTED COSTING 
3.5 CENTS PER POUND 


340 


~ 


COMPARATIVE COST 
DOUBLE-TRACK, THROUGH, PIN-CONNECTED, 
PETIT-TRUSS SPANS CARBON STEEL AND 
MIXED 

NICKEL AND CARBON STEELS, 
CARBON STEEL ERECTED COSTING 
4.0 CENTS PER POUND 


500 550 600 
Span, Feet 


380 | 
360 
200 
400 
240 
200 
450 


829 


ones! 


44 


PIN-CONNECTED, 


NICKEL STEEL FOR BRIDGES 
COMPARATIVE 


NICKEL AND CARBON STEELS, 
CARBON STEEL ERECTED COSTING 
4.5 CENTS PER POUND 


DOUBLE-TRACK, THROUGH, 


+44 44444 


ty 


Fia. 62. 


Span, Feet 


+ 

+ 


as 


t+ 


+ 


+ 


4+ 


wa 


240 


{itt 
525 
450 475 500 
200 400 425 
220 
| 


830 


Cost Metal Erected, Dollars per Linear Foot Span. 
o 


NICKEL STEEL FOR BRIDGES 


COMPARATIVE COST 
DOUBLE-TRACK, THROUGH, PIN-CONNECTED, 
PETIT-TRUSS SPANS CARBON STEEL AND 


MIXED 
NICKEL AND CARBON STEELS, 
CARBON STEEL ERECTED COSTING 


5.0 CENTS 


375 400 425 450 500 525 


Span, Feet 


+4444 


[Papers. 


500 
q 


831 


NICKEL STEEL FOR BRIDGES 


Papers. 


me 


w 
Zz 
or 
w 
c 
Of 
w 
a 
| 


z 
z 
a 
z 
< 
2 
WW 
a 


NICKEL AND CARBON STEELS 
CARBON STEEL ERECTED COSTING 


CENTS PER POUND 


360 
340 
320 


64. 


580 
600 


Cost Metal Erected, Dollars per Linear Foot Bridge 


NICKEL STEEL FOR BRIDGES 


COMPARATIVE COST OF 
UBLE-TRACK, THROUGH, PIN-CONNECTED,TYPE A, 
CANTILEVER BRIDGES CARBON STEEL AND 
MIXED 
NICKEL AND CARBON STEELS, 
CARBON STEEL BRECTED COSTING 
3.5 CENTS PER POUND. 


De 


es 


COMPARATIVE COST 


DOUBLE-TRACK, THROUGH, PIN-CONNECTED, 
CANTILEVER BRIDGES CARBON STEEL AND 


MIXED 


NICKEL AND CARBON STEELS, 
CARBON STEEL ERECTED COSTING 
4.0 CENTS PER POUND. 


450 600 750 900 1050 1200 350 
Length Main Opening, Feet 
66. 


1500 


[Papers. 


7 


At 


prt 


200 


100 


100 


+300 


NICKEL STEEL FOR BRIDGES 833 


1100 1100 
COMPARATIVE COST 
CANTILEVER BRIDGES CARBON STEEL AND 
1000 MIXED 


NICKEL AND CARBON STEELS, 
CARBON STEEL ERECTED COSTING 


4.5 CENTS PER POUND 


° 

1300 

3 

1200 
= 

oO 

a 

1100 

000 
200 

= 900 

ce +EX+ 

~ 


Lisi 
i¢kel-Steel 
x 


COMPARATIVE COST 
DOUBLE-TRACK, THROUGH PIN-CONNECTED, 
CANTILEVER BRIDGES CARBON STEEL AND 

MIXED 300 

NICKEL AND CARBON STEELS, 
CARBON STEEL ERECTED COSTING 

5.0 CENTS PER POUND 

Length Main Opening, Feet, 


anp 68. 


1200 
ve 
900 
700 
ath 
400 
800 


Cost Metal Erected, Dollars per Linear Foot Bridge 


+4+ 


834 NICKEL STEEL FOR BRIDGES [Papers. 


COMPARATIVE COST 
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COMPARATIVE COST 
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APPENDIX PART 


COMPARATIVE TESTS STRUCTURAL NICKEL STEEL 
AND MEDIUM CARBON STEEL. 


Preliminary Work.—In November, 1903, this investigation had its 
inception, and, early December, two parallel series tests 
made the American Bridge Company’s plant Pencoyd, Pa. For 
this preliminary work, two steels the following composition were 


Heat Heat 
No. 080. No. 065. 
3.21 
Manganese ......... 0.65 0.67 
Phosphorus ........ 0.011 0.019 


full report this examination was made January, 1904, and 
the results were promising that immediate steps were taken for 
more elaborate series tests upon steel made especially for this pur- 
pose. Arrangements were made with the Carnegie Steel Company, 
the same month, for two melts nickel steel. 

After many delays was findlly decided have the “shape” nickel 
steel rolled and tested before ordering the “eye-bar” nickel steel. Two 
melts almost identical composition were made the Homestead 
Works, Carnegie Steel Company; the first, Heat No. 673, No- 
vember and the second, Heat No. December 1904, 
each being basic open-hearth steel. 

The following material was shipped Pencoyd, Pa., for testing 
during December, 1904, and January, 1905: 


Universal plate, in., length ft. 


the same time other material was shipped Ambridge, Pa., 
for the fabrication struts for compression tests and eye-bars for 
“full-sized” tests. 

The medium-carbon steel plates for comparative tests were not re- 
ceived Pencoyd until December, 1905. They were follows: 


Universal plate, in., length, ft. in. 


There were tests angles carbon steel. 


q 
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Composition Steels—Several analyses were made both the 
nickel-steel and carbon-steel heats, shown Table 


TABLE AND CARBON STEEL. 


NICKEL STEEL. No. 673. 


Carbon. Manganese.| Sulphur. Analyst. 
3.50 0.70 below 0.04 below below 0.04 
3.66 0.37 Grav. 0.80 0.025 0.010 0.050 Mill. 
3.66 0.36 0.76 0.024 0.010 0.050 
0.005 Grav. 0.046 le- 
Booth, 
rfor 


Nos. and were ladle analyses, made the during pouring, the order 
named; No. between the first and second ingots, No. between the fourth and fifth 
ingots, No. between the ninth and tenth ingots. The carbon was probably determined 
gravimetric analyses. 

No.4 was made from drillings taken from test ingot 

Nos. and were made from duplicate drillings taken from plate. 


comb. 0.78 0.083 0.015 0.060 


Nos. and were ladle analyses, made the mill during pouring, the order 
named; No. between the second and third ingots, No. between the tenth and eleventh 
ingots, No. between the twelfth and thirteenth ingots. 

No. was made from drillings taken from test ingot No. 


STEEL. No. 342. 


Booth, 
Blair 
and were made from duplicate drillings taken from 34-in. plate. 
STEEL. No. 520. 
Blair. 


Nos. 2and were duplicate drillings taken from plate. 
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For use the fabrication struts and for the 12-in. universal 
plates, tested for comparison with the nickel steel, medium carbon 
steel good quality was required. 

All the 12-in. plates for specimen tests were rolled from Nickel- 
Steel Heat No. 17673 and Carbon-Steel Heat No. 342. The angles 
for specimen tests and the greater part the material for the struts 
were rolled from Nickel-Steel Heat No. and Carbon-Steel Heat 
No. 520. 

comparison the analyses the steels shows that the material 
obtained was close the desired composition was practicable 
for the mill make. The tests made the plates did not reveal any 
lack homogeneity. 

The surface the nickel-steel plates was smooth and free from 
scale, much more than that the carbon-steel plates. The surface 
the nickel-steel was not good, one two instances 
the fin from the edge and some scale had been rolled in. 

All the material shipped and Ambridge was stored un- 
protected from the weather for several months, the best means for 
identification later, being the cleaner and smoother surface the 
nickel steel. 


Tensile Tests—Plain Specimens.—The test given the greatest at- 
tention mill practice everywhere the tensile test. the absence 
inspection, when, for any reason, knowledge the physical prop- 
erties material desired the mill, tensile test only made. 
many mills other test made the inspector for his client. 
For these reasons, large number specimens were prepared from 
this structural nickel steel and from the structural carbon steel tested 
for comparative purposes. 

Because the uncertainty attached the usual method deter- 
mining the “yield point” so-called “elastic limit,” arrangements 
were made for two series tests, one parallel-sided pieces and one 
pieces having edges machined parallel for distance in., 
only, with fillet widening pieces the ends, and known the standard 
adopted the American Association Steel Manufacturers (abbre- 
viated here into M.). The length all specimens was in., 
and the width, except for those cut from the 1-in. material, was in. 
The width these was reduced in. because was expected that 
machine would used make the tests, and was 
necessary keep the ultimate strength well within this limit. 

The “parallel-sided” pieces were tested according mill prac- 
tice representative mill. the suggestion Mr. Huston, 
the Lukens Iron and Steel Company, Coatesville, Pa., half these pieces 
were tested this mill, and the others the Pencoyd Iron Works, 
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Pencoyd, Pa. Mill practice was not followed exactly, because was 
not thought possible get even close approximation for the “yield 
point” the nickel steel, with the high speeds every-day use. The 
only change, however, was the reduction the speed breaking. 

with attachment; and Olsen machine, 
Drexel Institute, Philadelphia, was used, through the kindness Mr. 
Earl Smith, Instructor Mechanical Engineering. All the ma- 
chine work was done the Pencoyd Iron Works. 

The tensile tests the original lay-out were located the ends 
the plates and angles, the pieces the edge, and the 
parallel-sided pieces inside and adjacent. was desirable re- 
peat certain tests bring out more definitely points difference be- 
tween the two steels, additional pieces had selected from avail- 
able material. The tensile strength plates varies with the location 
the specimen the plate and the slab the ingot, this forced 
selection additional pieces added necessary information these 
points. All the material was rolled from slabs; hence these variations 
physical properties due location are not pronounced ma- 
terial rolled directly from the ingot. 

American Association Steel Manufacturers’ 
results these tests are given detail Tables and 31, and com- 
parison with the results tests parallel-sided specimens may 
found that part this appendix filed for reference the Library 
the Society. 

The speed machine movement head for the first eleven tests 
was in. min., but, while this gave good results for the carbon 
steel, was too rapid for the nickel steel, and the yield point was lost. 
The weight could not made travel along the beam with 
cient rapidity keep the beam balanced, and, consequently, the pencil 
recorded faulty curve. speed in. min. was desired 
order economize time, the speed, in. min., adopted for the 
remaining pieces, requiring hour for each test. these remaining 
tests, point just below the yield point, speed in. 
min. was used, and then speed in. min. until the material 
had well passed this point, when in. min. was again used. 
several tests, when the maximum strength had been developed, still 
faster speed in. min.) was used for breaking the specimen. 
The speed breaking was found affect the tensile strength ma- 
terially. 

Yield Point.—The term “yield point” has been adopted herein 
place “elastic limit” because more nearly represents what was 
sought, namely, the point which the material would longer re- 
turn its original condition upon the removal the load. 
shown graphically the diagram the departure the 
record from straight line. 
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The determination the true elastic limit was not possible with 
the apparatus hand. 

The loss time caused the use attachment 
bars the adoption this method mill practice, yet was desired 
that the yield point reported these tests should point easily 
obtainable practice skillful operator, and not one depending 
upon time-consuming and expensive devices for its exact location. 
was assumed the “least permanent set” visible specimen 
the aid pair finely pointed dividers. The point the curves 
corresponding this “least permanent set” was obtained after some 
experimenting, shown Table 


TABLE 


beam,| Yield point, 


Load Permanent set in. 


Mark. pounds. pounds. released at: dividers: 
CTSL 150 600 200 600 0.01 
75000 Between these readings 
arapid elongation 
specimen took place. 
0.01 in. 


| 
! 
| 
| 
| 


the tests given Table the load was removed about the 
yield point, the permanent set, any, was measured, and the move- 
ment the pencil noted. this traced new line parallel the 
original curve, there was visible evidence permanent set and 
the amount. check this, careful measurements were made 
dividers. was assumed that, for all practical purposes, set 
in. in. was the “least visible,” and the point the curve corre- 
sponding this was obtained graphically the intersection 
0.01 in. away from, and parallel to, the straight portion the record. 
The stretch shown the curve the stretch in. was found 
that, even when the record had departed from straight line, ap- 
proximately this distance 0.01 in. had not been exceeded, 
ing the load the pencil would retrace the original line, and elonga- 
tion could detected the dividers. 
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times the mechanism the recorder did not work properly, 
but usually these vagaries were easily corrected. The movements 
the weight and the pencil were constantly checked, one with the 
other. The yield point thus determined slightly lower than the drop 
beam. tests nickel steel, this content nickel and carbon, 
the beam does not drop the point where the stretch continues with- 
out increasing load, because there such point. The auto- 
graphic curves show this; for will seen that curve nickel 
steel there bend the yield point even approximately de- 
grees. “drop” will occur the weight run out uniformly, for the 
rate stretch changes, but will almost invariably too great 
load registered the weight the beam, for mill practice the 
speed great that the beam never balanced until after the so- 
called elastic limit yield point reached. steel op- 
portunity given, the stretching the steel, for the weight 
“eatch up”; nickel steel there none. This subject will men- 
tioned later. 

The elongations and in. are given; although their value 
not great, they show that considerable stretching takes place over the 
entire length the specimen. 

The “area fractured section” was measured points midway be- 
tween edges Pencoyd and Drexel. This method followed most 
mills, but gives slightly higher percentages reduction than actually 
exist. Lukens, edge measurements were taken, that being the prac- 
tice that mill. The dimensions this section, and also the orig- 
inal section, are given the nearest 0.005 in., this being near enough 
for all practical purposes. Pencoyd and Drexel the elongations 
were measured along the edge the specimen; Lukens, along the 
middle. This difference affects slightly the comparison results. The 
ratio the ratio yield point drop beam the ultimate 
strength. 

Table both drop beam and yield point, for specimens 
broken Drexel Institute, are given. The “stretch the drop 
beam,” Table 31, has special significance, except show why 
mill methods will give fair results for testing carbon steel and not 
for nickel steel, which such stretch occurs. was measured 
from the records. The drop beam was taken from the 
cards that load which the curve first became horizontal. Actually, 
drop beam occurred, the machine was equipped with device 
for automatically the movement the weight; and, when 
adjusted properly the slow speed used, the beam was balancing 
throughout. 

Parallel-Sided tests parallel-sided specimens 
are interesting, showing how ‘close approximation the true 
yield point may obtained the drop the beam, expert 
operators machines. 
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Olsen machine was used each mill. Pencoyd 
the weight was run out the beam electric motor, excited 
contacts the end the beam, and, Lukens, hand-wheel. 
Operating hand shown much more sensitive, the reason 
being easily seen one witnessing test. When testing the nickel 
steel, the Pencoyd operator had know advance about where ex- 
pect the drop. Even with this information, the results are largely 
guesswork. The Lukens operator did not need this information, and, 
while the beam readings are little high, for the reasons explained, 
the results are fair agreement with those obtained with the auto- 
graphic recorder, and the time for making the tests brought within 
the possibilities mill practice. The speeds used each mill for 
nickel steel were reduced below those for carbon steels. 


EXAMINATION STEEL—TABLES AND 32. 


fair degree uniformity exists throughout. 

Yield specimens have higher yield point than cor- 
responding interior pieces. Specimen tests made Lukens agree 
closely with those made Drexel, but those made Pencoyd are gen- 
erally higher. The yield point becomes lower the thickness the 
material increases. 


Ib. higher than corresponding interior pieces. All specimens cut 
from the same thickness agree closely when variations speed and 
are considered. The tensile strength becomes less the 
thickness increases, also the speed breaking decreases. 


TABLE 
PLATE PLATE. 34-IN. PLATE. 
116 600 116 ..... 110 600 113 ...... 106 800 108 ...... 


Tensile specimens have tensile strength about 


Papers. 


“ “ “ “ “ 


6 by 6 by 3-in. “ “ “ “ 


The slabs were rolled from ingots in. 


Table 10. 
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1-in. and 3-in. plates were rolled from slabs 144 in. 


“ 
“ 


“ 


The relative amounts work done the slab rolling are shown 


144 in. 
114 in. 
in. 


12-in. plates, 


thickness. Area slab. 


Area shape. 


Percentage 
reduction. 


120 41g 


these same conditions. 


54.5 for the 1-in. material. 


but the variation lacks uniformity. 


The differences tensile strength due thickness alone result 
probably from combination two varying conditions: first, the 
chilling during rolling; and, second, the amount reduction the 
slab. Differences other physical properties necessarily arise from 


Elastic elastic ratio seen decrease uniformly 
the thickness increases, varying from 60.1 for the material 


Elongation and Reduction elongation and reduction 
area increase slightly the thickness the material increases, 


MATERIAL........ PLATE. PLATE. PLATE 


MATERIAL........ 


| 


| 
91.0 

95.0 

16.4 

17.1 

46.0 

50.0 
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Speed tensile strength raised increase 
speed; the effect elongation and reduction area fracture 
not marked; the tendency, however, reduce the reduction area. 


From only one thickness material, 1-in. plate, were specimens 
cut from both edge and interior, hence remarks the effect 
are limited this one example. 

Yield specimens have yield point slightly higher 
than the corresponding interior pieces. 

Drop Beam.— 


The average drop beam for all Drexel tests lb. 
“ “ “ “ “ “ Lukens “ “ 32 800 “ 
“ “ “ “ “ “ “ Pencoyd “ “ 40 600 “ 


The speed machine differed each being in. min. 
yet the close agreement between the two former and the great differ- 
ence the Pencoyd readings show how little dependence can put 
upon results obtained with the machine running high speed. 

The average all the Drexel tests for the yield point 800, 
which lower than the corresponding drop beam. 


There close uniformity between the results obtained the 
same place. 


in. 1-in. 
plate. plate. plate. plate. 
Yield point Drexel..... 600 900 400 800 (26 100)* 


Interior specimens. 

These figures show how regular the decrease the yield point 
the thickness the material increases. The same conditions prob- 
ably exist influenced the physical properties the nickel 
The edge specimens cut from the 1-in. plate have higher yield point 
than the corresponding interior ones. 

Tensile specimens have tensile strength about 
higher than the corresponding interior pieces. 


PLATE. PLATE. 34-IN. PLATE. PLATE. 
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The differences due thickness are evident, but they are small, 
and those due speed breaking and location plate are well 
marked. 

Elastic elastic ratio decreases the thickness ma- 
terial increases, varying from 60.8 for the material 45.0 for 
the 1-in. material. 

Elongation and Reduction Area.—The elongation seems in- 
crease slightly the thickness increases, but the effect small, and 
not noticeable all the reduction area. increase the 
speed breaking causes decrease the reduction area, although 
this not well marked, and the effect the elongation not notice- 
able. 


15-10 sec. 


STEEL AND CARBON STEEL. 


The varying conditions affecting the physical properties steel 
seem have greater effect one metal than the other, except 
upon the tensile strength. The greater relative reduction strength 
nickel steel with increasing thickness material causes the elastic 
ratio for the thicker metal higher for the nickel steel than for 
the steel, shown the Table 12. 


TABLE Ratio. 


Nickel steel..... 


Carbon steel...... 57.8 53.7 Edge. 
Nickel 60.0 56.3 62.6 57.0 


Nickel steel not ductile carbon steel, yet not brittle 
any sense. The yield point, or, usually called, the elastic 
limit, may safely taken minimum 60000 compared 
with the 30000 Ib. usually specified for carbon steel. tests the 
material, lower value was obtained, but the speed was slower 
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than mill practice; and the carbon steel, tested similarly, gave also 

The ultimate strength varies with the thickness, speed, and the 
location the specimen, but, compared with the results carbon 
steel, value between 100000 and 120000 lb. may obtained, and 
even 110000 minimum, the conditions mentioned are not 
restricted—and not usual restrict them. 

elongation 15% in., and reduction area 40% 
may safely taken the minimum. almost every instance the 
fractures were silky, uniform, and free from laminations, pipe, ete. 
The only variation was four the plate tests and the 
angle, these fractures being partly fine crystalline granular. 

The usual high ratio for nickel steel not found these 
tests, probably because the speed machine was much slower than 
generally used, and the determination the yield point was more 
accurate. already stated, the methods vogue most mills 
would give very high but inaccurate value for the yield point 
elastic limit nickel steel. 

The tests were made Drexel February and March, Pen- 
coyd March, and Lukens April, 1906. 


SPECIMENS. 


These tensile tests were arranged, far possible, show 
relatively what changes are effected the physical properties 
nickel steel and carbon steel the shop operations punching holes 
full size, sub-punching and reaming full size, and riveting 
punched work. The full-sized holes were in. diameter, the sub- 
punched holes, in. diameter; in. material, therefore, was 
reamed away. 

hardly necessary repeat here that the usually accepted 
opinions are that shearing the metal, punching, forms numerous 
incipient cracks radiating from the edge, and also that the material 
around the hole hardened the pressure necessary force the 
punching out. believed that these cracks and this hardened 
ring are cut away, all injury done the material removed. The 
opinions the effect riveting are, perhaps, not positive, be- 
the subject has not been investigated experimentally; was 
only introduced into this series after other tests had been made. The 
object was determine the annealing effect, any, the material 
due the driving the hot rivet. 

Test specimens, in. wide and in. long, were cut from the 
and the plates. The “punched” and the “reamed” pieces 
were laid out side side every instance, order give results 
directly comparable possible; the “punched-riveted” pieces were 
from available surplus material. Through error, one piece 
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carbon steel, which was intended punch full size, was sub- 
punched and reamed, and vice versa. The edges all holes and plates 
were rounded slightly filing remove burrs. 

Pieces TPPL and 33, TAPPL 46, 140, and 142 were cut from 
the edge the plate, but this does not seem have influenced the 
results the tensile tests plain specimens, probably because 
the greater width in. The punching, reaming, and riveting were 
done the bridge shop Pencoyd the customary way. The diam- 
eter the die used the punching was in. larger than that 
the punch. prevent injury the material cutting off the heads 
rivets, the latter were driven with plate, in., each 
side the specimen. These plates served another purpose, not in- 
tended, namely, the lessening the amount compression the 
material under the head the rivet, caused the pressure the 
cup the riveting machine. The pressure the rivet driving was 
probably about tons per sq. in., and the annealing effect, any, 
was entirely destroyed the compression around the hole. The metal 
under the head was bright, and the calipering showed reduction 
thickness averaging follows: 


Carbon steel. steel. 
0.003 in. 0.003 in. 


All the testing was done the testing machine Drexel Insti- 
tute, and the recorder was used plot the curve each 
test; and from this record the limit, yield point, and ultimate 
strength were determined. 

Yield the tensile tests plain specimens, about 
the yield point, the load was removed from several specimens and the 
permanent set carefully measured dividers and checked with the 
card record, the results shown Table being obtained: 


TABLE 


Yield point, Load released at: 
Mark. dividers: 
pounds. Pounds. 
| 
CTAPPL 500 000 None. 
200 Widened line. 
140 500 000 one. 
000 Widened line. 
000 0.05 
142 000 000 0.02 
000 None. 
000 0.08 
140 128 000 112 000 Widened line. 
142 120 000 120 000 0.01 
Heat No. 080: 
TPPL 3/8 200 000 0.01 
TPPL 8/4 100 000 000 Widened line. 
104 600 0.02 scant. 
TPRL 3/8 000 000 Widened line. 
000 0.02 scant. 
TPRL 800 000 Widened line. 
102 800 0.015 
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The yield point, before, was obtained from the curve the in- 
tersection line 0.01 in. away from, and parallel to, the straight 
portion the record. While there fair agreement between the 
results obtained the two methods described, not close 
the tensile tests plain specimens, and examination the curves 
will show the reason. The deflection from straight line gradual 
and, those the nickel steel, slight, that impossible ob- 
tain, any practical means, the exact point where permanent set 
first takes place. Yet the loads recorded these tables are closely 
approximate (with two three exceptions mentioned later), that, 
for comparative purposes, the data obtained are sufficient value. 

all the curves the carbon steel there decided change 
direction, corresponding the stretch occurring the yield point 
for the plain specimens. these tests this change varies form and 
position. the tests the material just before the 
maximum strength developed; and, those the material, 
found close the yield point. There sufficiently marked 
change the curve what has been taken the yield point sub- 
stantiate the tabulated figures. the curves for tests from Heat No. 
080, similar changes occur, but not the other nickel-steel tests 
—the former material softer grade steel. The material 
for all steels softer than the material; the variations described 
may assumed, therefore, being conditional upon the grade 
steel. 

All these tests were made similar manner, speed in. 
min. being used just before and until the yield point was well 
passed, and speed in. min. the beginning and the 
instant breaking. 

Tables 34, 35, and show the results each test detail. 


Curve CTPRL No. differs from the other three that 
has higher yield point and straighter within this 
point. The autographic attachment did prop- 
erly. 

Curve TPRL No. slightly straighter within the yield 
point than the other three curves, but not abnormal. 

Curve TPPL No. 111 differs for the same reason—the curve 
flatter. 

Curves for CTAPPL are all irregular; the autographic at- 
tachment did not work properly describing any 
these curves, but the yield point well marked, that 
the results are fairly accurate. 

Curve TAPPL No. 141 differs from the others for the same 
reason. These curves are all flat that practically 
impossible obtain the yield point accurately. 

The other curves are all normal. 
Examination 34, 35, and 36. 
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the comparisons Tables and must borne mind 
that these tests were made specimens in. wide, while the plain 
specimens were but in. wide. well known, also, that short 
grooved specimens give higher ultimate strength than the usual 
18-in. specimen. not probable, therefore, that all the effects de- 
scribed are the direct result alterations the structure the ma- 
terial about the hole. 


SPECIMENS. 


MATERIAL. MATERIAL. 


|Punched- 


riveted. riveted. 
Nickel. point............. 102 113 114 130 
Carton. 102 105 107 112 124 128 
ratio........... 112 121 110 125 157 


SPECIMENS. 


MATERIAL. 34-IN. MATERIAL. 


Physical property. 


Punched- Punched- 


Nickel point..... 108 120 113 


Punching, sub-punching-and-reaming, and riveting, every in- 
alter the material more than they the material, 
both nickel and carbon steels. 

Punching raises the yield point and 
lowers the ultimate strength. The yield point the nickel steel 
affected smaller extent than that the carbon steel, and the 
mate strength more, but the difference not great. 

and-reaming raises both the yield point (with but one exception, 
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namely, that the nickel steel) and the ultimate strength 
both steels, and almost the same proportion. The effect less than 
that punching full size, probably because the punched hole 
smaller, and the injury, therefore, less, and because the reaming re- 
moves the greater part the affected area. Nickel steel, the 
whole, affected smaller extent than carbon steel, but the differ- 
ence not uniform, and small. The elongation and reduction 
area cannot compared directly with those the plain specimens be- 
cause the marked difference the shape and character the 
specimen. Comparing the results punching with those sub- 
punching-and-reaming, however, shows that the ductility the ma- 
terial injuriously affected punching without subsequent ream- 
ing. The difference between the effects punching and reaming 
upon the nickel steel greater than upon the corresponding 
carbon steel, but less upon the material. 

Riveting.—Riveting raises still further the yield point, and lowers 
the ultimate strength. The elongation and reduction area are also 
smaller than for the reamed specimens. Upon the material, how- 
ever, riveting seems beneficial, but upon the material 
adds the injury resulting from punching. Nickel steel affected 
much less riveting than carbon steel, probably because its resistance 

The material being softer steel than the was 
expected that the effect riveting upon would greater. 

comparison with the carbon steel, the nickel steel these special 
tests shows very favorably, the whole. 


TABLE 16. 


AREA 1,125 IN. AREA 2,25 IN. 


Actual Actual 
yield 
point. 


Actual Actual 
yield ultimate 
point. strength. 


Elastic 
ratio. 


Elastic 
ratio. 


NICKEL STEEL. 


| 
Plain 76.000 140 000 243 000 
55000 82000 106 000 147 000 
Punched-riveted 000 124 000 137 000 


CARBON 


Plain 42000 000 000 137 000 
Punched ees PLE es | 80000 43 000 vi 64 000 90 000 val 
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The comparisons (in Table 16) the actual yield point and 
mate strength these specimens with those the plain specimens, 
loss strength less for the nickel steel material than for 
the corresponding carbon steel, and greater for the material. 
The differences are small. 


MATERIAL. MATERIAL. 


Steel. Physical Property. 


Punched- 
riveted 
Reamed 
Punched. 
Punched- 


Punched. 


(In Pounds per Square Inch.) 


NICKEL STEEL. CARBON STEEL. 


No. 126 not included. 

Pencil autographic recorder did not work properly; the figures, therefore, may 
not accurate, 

Curves are flat that the figure may not accurate. 


Table shows that within the yield point there are changes the 
material, shown the curves. The departure the 
from straight line what meant elastic limit. 

The number tests was too small, and the apparatus used was not 
sufficiently delicate furnish much more than suggestion that these 
operations, necessary the fabrication bridge members, weaken the 
perfect elasticity the material. The ductility also lessened. The 
method used for determining the yield point these tests does not 
give such uniform accurate results the tests plain speci- 
mens. the specimens, the ratio stretch the load increases very 
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gradually these tests, especially the case nickel steel, the rec- 
ords which are almost straight. 

The exceptional results shown for the material may have been 
caused the bending the test pieces during punching and riveting. 
This treatment would have tendency raise the recorded value for 
the elastic limit, though actually would less. The results for the 
punched-riveted specimens material may inaccurate 
noted. 

The fractures are interesting. The material, the whole, 
was silky, though the nickel steel the punched and riveted specimens 
was partly crystalline. 

The material nickel steel was fine crystalline, was also 
that carbon steel, with the exception the reamed specimens. The 
nickel steel, however, was much finer-grained, and showed more plainly 
lines like magnetic lines radiating from the hole. Under the skin the 
fracture was silky, and this was more marked the nickel steel. The 
material near the hole was also silky, but this was more marked the 
carbon steel. 

The break occurred, with two three exceptions, simultaneously 
both sides. The difference any case was only fraction 
second. Those with crystalline fracture were always unexpected, 
with drawing down section. 

The tests the punched and the reamed specimens were made 
March, and those the riveted specimens June, 1906. 


Tests, SPECIMENS. 


Next the tensile test, the test most frequently made the bending 
specimen piece steel until proved that the ductility the 
material sufficient satisfy the specifications. This test also 
indication the absence high phosphorus. 

The bending may done various ways: U-shaped block, 
under steam hammer, being pushed through opening 
anvil plunger, or, the case iron and soft steel, being 
wrapped around mandrel, one end the specimen being held rigidly 
and the power being applied the other end eccentric cam. 

This last method makes the most perfect bend, but for heavy sec- 
tions medium-carbon steel and especially nickel steel, not 
practicable. The method followed not often specified, yet 
important factor, the speed machine the tensile test 
the taper the drift-pin the drifting test. 

These tests were made the testing room the Lukens Iron and 
Steel Company through the kindness Mr. Huston, Vice-Presi- 
dent, and Mr. Howard Taggart, Engineer Tests. 

The specimen was laid anvil over rectangular opening. 
wider the top than the bottom. The piece was bent being 
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forced through plunger with its end rounded any desired radius. 
opening may made any desired width within certain limits. 
The plunger attached the piston hydraulic cylinder, conse- 
quently the pressure very uniform. The piece only partly bent, 
however, and then flattened the same machine. 

For large, thick pieces plunger in. diameter used, but 
2-in. plunger mandrel. 

The specimens for these tests were all in. wide in. long, 
two being cut from the end each plate, one edge each specimen 
being the mill edge, finished universal mill, the other edge being 
planed. Through the carelessness the machinist, several the pieces 
were planed both edges. One piece nickel steel, 186, cut from 
the 1-in. plate, was lost, and piece cut from the interior, marked 
196, was substituted. All edges were smoothed filing remove burrs. 

One-half the total number test pieces were first bent the 
2-in. mandrel, and afterward flattened until they cracked, 180° flat. 
This was done order find out how much bending the material 
would stand. All the carbon-steel specimens bent 180° flat, until the 
capacity the machine was reached, with slight crack appearing 
one piece only. The nickel steel also bent 180°, but cracked before 
the inner surfaces came contact. With one exception, the nickel 
steel bent with maximum radius bend, such would formed 
about mandrel having diameter 1.7 times the thickness 
the material. One piece angle material, 61, was bent about the 
mandrel, but the bend was not good. 

The results are shown the photograph, Fig. Plate CII. 

seemed from these tests that the material would stand bending 
about mandrel diameter equal twice the thickness the mate- 
rial without cracking; hence four these mandrels were made, one 
for each thickness material. the material had bent the diame- 
ters intended, probably the results would have been expected, but 
the bending was too localized and acute angle was formed, that 
instance was the radius the bend the same that the end 
the mandrel. Cracks, therefore, were developed, the amount 
being practically the same before. One piece, 85, from 
the plate, broke, and one-half was evidently thrown the scrap 
pile and destroyed. The and 1-in. material did not show any 
cracks. order prove positively that the and plate material 
and the 1-in. angle material would stand bending 180° without 
cracking, with diameter inner surface bend thick- 
ness material), the broken ends some tensile test pieces were tried. 
This considered severe test, because the straining, beyond the 
limit, all parts the piece tension. Many the pieces 
were badly the wedges. 


> 
_ 
ie 
4 
q 
4 | 
4 
q 
q = 
4 > 
{ 
? ! 
i 


856 NICKEL STEEL FOR BRIDGES [Papers. 


The bending was done Pencoyd under small steam hammer. 
The load, however, was not applied one place continuously, the 
Lukens tests, but was distributed over the middle the piece, causing 
gradually increasing curvature until the desired radius was obtained. 
One-half the test pieces were bent diameter equal three times 
the thickness and one-half that twice the thickness. Two pieces 
3-in. material broke because too sharp angle was formed. These 
bends were very satisfactory, and proved that, careful manipulation, 
almost any desired degree bending could obtained without 
fracture. 

results are shown the photograph, Fig. Plate CII. 

was not expected that the nickel steel would stand the same bend- 
the carbon steel, but was believed that would stand suffi- 
cient amount prove its toughness lack brittleness. 

Wherever the tables, columns headed “Angle bend.” num- 
ber parentheses appears, the unenclosed number the angle which 
the material bent when the crack first developed. 

The angle bend and the radius the bend were obtained from 
sketches made tracing carefully the outlines the bent specimens. 
The radius was found deducting, from the radius the outside 
surface the bend, the thickness the specimen. The radius the 
outside surface could determined easily and with fair accuracy 
being taken plane midway between the edges. Cracks usually 
developed first this portion and spread the edges. The testing 
was done March and June, 1906. 


Tests, REAMED, AND SPECIMENS. 


The bending tests nickel and carbon steels, like the corresponding 
tensile tests, were arranged show relatively the effect punching 
material full size, sub-punching and reaming full size, and 
riveting punched work. The full-sized holes were in. diameter 
and the sub-punched holes, in. diameter, in. material, there- 
fore, being reamed away. 

The test was not included the original scheme testing, hence 
the specimens had cut from the excess material. None the 
plate nickel steel was available, and only small pieces the 
and plates. For nine the test pieces nickel steel, was 
necessary use the pieces in., designed and used for test- 
ing rivets single shear. The greatest load any joint was 
per sq. in. This did not exceed the elastic limit, which 
from Table was 62000 examination the results Table 
does not furnish any evidence that the previous use had worked 
injury the material. The location the specimens the plates 
seems have had influence the results. 
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The specimens were machined width in. with these excep- 
tions: Pieces BPRL 65, BPPL 78, CBPRL 65, CBPPL and 
CBAPPL were in. wide. The punching, reaming, and riveting 
were conducted the usual shop methods. The diameter the die 
used punching was in. larger than that the punch. The same 
riveter for the tensile tests, and the same scheme for protecting the 
specimens plate each side, were used. The metal under the 
head the rivet was bright, and, doubt, was compressed the 
tensile-test specimens. comparative results only were sought, there 
was experimenting with mandrels different diameters. The pieces 
were all bent, described under the tests plain specimens, the 
testing room the Lukens Iron and Steel Company, with mandrel 
rounded the end diameter in., continuous pressure being 
slowly applied the middle over the hole. 

The edges pieces and holes were smoothed filing. This was 
overlooked for the first three pieces tested, namely, CBPRL 65, 93, and 
98; consequently, pieces nickel steel, and 65, were 
tested the same condition for comparison. The filing does not seem 
have aided the carbon steel, but its effect the nickel steel was 
marked. The two filed pieces bent 104° and 108°, respectively, and the 
unfiled pieces, 75° and 77°, with corresponding difference the 
radius bend. 

The results are given Tables and 38, and the photograph, 
Fig. Plate CII. 

every instance punching, sub-punching and reaming, and rivet- 
ing, alter the material more than the material both nickel 
steel and carbon steel. The plain specimens bent without cracking 
through the greater angle; but, these tests, the reverse was true. 
The difference between the effects punching and reaming upon 
the nickel steel greater than upon the carbon steel, but, 
upon the 3-in. material, less. 

Riveting increases the effect the punching both thicknesses 
both steels and about the same proportion. whole, these conclu- 
sions are the same those drawn from the tensile tests. could not 
expected that nickel steel would bend through great angle 
carbon steel. the photograph, Fig. Plate CII, the bent specimens 
are arranged side side for comparison. 

These tests were made March and June, 1906. 


in., and NBL 189, in., both steels, were nicked in. 
and fractured two places bending. The fractures were uniform 
appearance and free from laminations, pipe, other defects. The frac- 
the nickel steel were finer-grained than those the carbon steel. 
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This determination character fracture was the sole object 
the test. 


TEsts. 


The consideration given this test, when the lay-out tests was 
being prepared, was long and thorough. Specifications, for steel super- 
structures all the large railroads, and consulting engineers, were 
examined and tabulated. The specification the drifting test seemed 
hole, punched full size and spaced in. from sheared 
rolled edge, was required stand without the edge the plate 
the periphery the hole cracking, ran from 33%, 38%, 50%, 
and, four instances, 100 per cent. The other standard require- 
ments carbon steel for bridges are given later. 

the arrangement holes finally decided upon, almost every 
recent specification, even the most severe, has been included. This ex- 
plains the irregular grouping holes. The number was limited the 
size the coupon selected, namely, in. 

With but two exceptions the hole required drifted was 
punched hole—these two specified hole reamed from diam- 
eter in. this sort were included, also holes drifted 
the solid. The and 1-in. plates were selected, the first 
two because the great bulk structural material represented there- 
by, and the 1-in. plate, because was proposed use nickel-steel plates 
this thickness large bridge, plans for which were being prepared. 

Only one specification was found which taper for the drift-pin 
was specified, yet this important the size and location the 
hole. pin with large taper bulges the metal around the hole, and 
the edge cracks because this,.and not because the limit enlarge- 
ment has been reached. The ideal pin one with scarcely perceptible 
taper. taper was adopted for this test, and several pins 
this kind were made specially hardened blue-chip and Sanderson 
steel. 

The preparation the test specimens and the testing were done 
the Pencoyd Iron Works, the drifting being done driving the pins 
with heavy steam hammer, first through one side and then through the 
other, about in. time. this way excessive bulging was pre- 
vented. will noted that the largest cracks and the greatest num- 
ber them are always the side where the bulging the greater. 
The holes were all carefully laid out, but, punching, slight shifting 
some took place; the amount not large enough import- 
ance. Burrs were removed from the edges the holes, but filing 
was done. The diameter the die used was in. larger than that 
the punch. 

Tables 39, 40, and 41, together with the photograph, Plate 
show the effect drifting specimens drifted according 
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the requirements the specifications mentioned, and Tables 42, 43, 
and and the same photograph show the effect carrying the drifting 
until cracks were developed the edge plate the periphery 
the hole. The nickel steel drifted with greater difficulty than the carbon 
steel. Through oversight, Hole 164, was not drifted 
much intended. 

examination the tables shows that the carbon steel drifted 
better than the nickel steel. The difference not marked the tests 
made according specifications; but the tests cracking, compar- 
ing the enlarged diameters the holes, the nickel-steel plates 
drifted 58% well, the material, 72% well, and the 1-in. 
material, 67% well the carbon-steel plates, but the carbon steel 
cracked larger extent than the nickel steel. probably fair 
conclude that nickel steel will stand about 70% much drifting 
steel, and satisfy the drifting requirements many specifica- 
tions written for medium steel. hole spaced, the usual prac- 
tice, from sheared edge, will not stand drifting the same extent 
one spaced near rolled edge. These tests are too few give any 
conclusive figures, but probably the ratio nearly Punched 
holes seem drift well as, not better than, either reamed 
drilled holes. The percentages giving extent enlargement (Tables 
and 43) may arranged show this follows: 


REAMED. 


DRILLED. 
Hole edge. Material. 
Rolled. Sheared.| Rolled. Rolled. 
7 N17 | 


These tests were made April and May, 1906. 


TEST. 


The close-punching test rarely specified, because furnishes but 
little information about the physical properties material not obtained 
other and more usual tests. would show brittleness exces- 
sive hardness. this series its value was causing punched 
one time, sufficient number holes the nickel steel different 
thicknesses permit forming idea the effect the machine and 


punches, and also show the ability the metal stand close 
punching. 
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rather light punching machine the shop Pencoyd was used; 
and, while part gave way, the material was too heavy for 
it. Twenty-eight holes, and twenty-five holes were 
punched each the two pieces, (12 in.), and 
115 (12 in.), and about the same number the corre- 
sponding carbon-steel pieces. The arrangement these holes and the 
results the test are shown detail Fig. Plate CIV. 

Two punches were broken, one stripping and one shearing, 
while punching the nickel steel. The steel these punches was con- 
sidered exceptionally good, but the toolmaker was not familiar with it, 
and frequent breakages had happened regular work, consequently, 
the blame cannot laid altogether upon the nickel steel. the time, 
the shop management regarded this work more test for the 
punches than for the nickel steel. Before this, connection with this 
investigation, considerable punching nickel steel had been done 
Pencoyd, with but one breakage, punch. One punch and 
one die were broken punching material for struts Ambridge. 
Several holes, in. diameter, were punched nickel-steel 
plates, both preparing test specimens and preliminary experi- 
mental work. regards the effect upon the punch, this not 
serious matter. The heavier punching machines now the large shops 
would not over-strained were nickel steel introduced, but the 
smaller ones unquestionably would be. 

The rapidity punching would not differ from present practice 
were nickel steel introduced, though, the outset might, because the 
flies out with considerable force and with loud sharp 
report, and men unaccustomed this think there danger. 

The punched hole nickel steel very different from that 
carbon steel—its edges are clean and smooth, with appreciable com- 
pression the “punching.” For this reason thought some 
that punching less injurious nickel steel than carbon steel. 
discussion this will found under tensile tests and bending tests 
punched specimens. 

The holes the “close-punching” coupons the left and top edge 
were spaced that in. metal was left between the edges adja- 


cent holes, in. between the edge the hole and the rolled edge, and 


in. between the edge the hole and the sheared edge. 
The diameter the die used was in. larger than the punch. 


The partitions between the holes actually varied from 
and between the hole and the sheared and rolled edges from 
in. The actual distances are much smaller than stipulated 
any specification ever written that variation in. more 


unimportant. 
The photograph shows the die side these plates. 


The effect the punching practically the same for both 
Where the partitions between the holes the nickel-steel plates are 
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shown broken down, this resulted from inaccurate punching; ex- 
plained, the operator was nervous. The deformation each hole 
the succeeding one alike both steels, occurs the die side only, 
all holes the punch side being truly circular form; there is, how- 
ever, slight depression the walls between adjacent holes. There 


was deformation the metal between the other holes these plates. 
This test was made March, 1906. 


clause covering the hammering-flat test can found one 
two specifications. strictly punishment test detect brittleness. 
Material rarely treated this way bridge-shop practice except 
fillers; but, riveted-steel pipe manufacture, the corners many 
plates must cold hammering. 

The test was made 8-in. pieces, marked and 
cut from the and the plates, respectively, each steel, under 
light steam hammer. small round was first used localize the dis- 
tortion, but only for few blows, most the work being done ham- 
mering the end held the anvil. There was very little difference 
between the nickel steel and the carbon steel; the latter broadened out 
more, but the thickness the edge was not less and the cracks were 
little larger. steel stiff under treatment this kind 


that the strain the hammer very great. The results are shown 
Table 20. 


TABLE 


ORIGINAL. 


Material. 


Widtb, Thickness, Width, Thickness,— 


Remarks. 


Carbon steel..... Two small cracks started. 


This test was made the forge shop, March, 1906. 


shop-tooling tests meant submitting the steel all the shop 
necessary its fabrication, and watching closely the results. 

has been stated that the 1-in. angle was 
sawed across. time test was not made. The saw was not injured. 
Probably revolved the usual rate, but was fed more slowly. 

the usual sizes plates may safely sheared 
any the large shops—in these tests the 1-in. and 
were the heaviest sections sheared. The strain the shears consid- 
and probably, were nickel steel introduced, heavier machines 
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carbon steel sheared. 

discussion punching was introduced under the 
close-punching test. difficulties greater than getting the operators 
accustomed the material are presented. There would slight 
increase the outset the breakages punches, but, without doubt, 
the toolmakers would meet this extra demand upon them. 

Reaming.—Progressive shops, to-day, are adopting dry reaming 
with high-speed, steel tools, the only lubricant used being graphite 
paste. Many shops, however, still retain the slow-speed, ordinary, 
drill with excessive use lubricant, principally water. This sort 
tool will not stand with nickel steel: over-heats, the edge 
crumbles, the tool binds, and the progress painfully slow. With the 
special high-speed, steel tool revolving great rapidity, nickel steel may 
reamed the same rate carbon steel; graphite used more liber- 
ally, and the tool wears out more frequently. the fabrication the 
struts for compression tests, nickel steel and carbon steel were being 
run through drill press, side side. The behavior the tools was 
watched, though time test was made. Some the oper- 
ators, Hungarians and Poles, had trouble with the sticking the tool, 
but not after they became accustomed the material. 

Drilling—A number holes were drilled specimens for drifting 
tests, riveted-joint tests, and special time test was also made. 
The general observations made under reaming might repeated here. 
Ordinary steel tools will not last for any length time, but the special 
steels now common use may used successfully. 

piece cut from the 1-in. plates nickel steel, marked 161, 
and one from the 1-in. plate carbon steel, marked CSD 161, were 
used for the comparative test, with the results shown Table 21. 


Mepium STEEL. 


Depth Speed, 
hole, Time consumed. revolutions Remarks. 
inches. per minute. 
min. sec. 144 Drill was not altered. 
2 1 1 18 144 “ “ 
min. sec. 144 Drill was worn out. 


The ordinary drill will stand several hours with the 
steel; with nickel steel, gets excessively hot, turns blue, the point 
crumbles, and the clearance wears off. 


would have built. The same time required, whether nickel 


q 

q 

7 


LL. 


Papers. 


NICKEL STEEL FOR BRIDGES 863 


the drilling Hole No. after sec., the drill was permitted 


cool off before finishing the hole. Such tool, however, would not 
used in- practice. 


STEEL. 


in. sec. 210 Same drill used throughout—it 


| 
min. sec. 144 drill used above test, 
144 after being ground, was used 


ond hole and was very poor 
condition end fourth hole. 


The speed was changed for the nickel because the danger 
breaking the drill the higher speed. The carbon-steel chips were 
steel gray, and the nickel steel, blue. lubrication was used. 

The speed, therefore, with which the carbon steel was drilled was 
in. and the nickel steel, in. sec. blue-chip tool, 
ordinary work, would last half day without sharpening, whereas, 
used for min. nickel steel, necessary sharpen it. 
This factor the more important far, considerable time wasted 
the re-dressing. 

This test was made the machine shop Pencoyd, September, 
1906. 

obtain comparison all factors, much longer test would 
the foregoing, however, throws some light the subject. 

planing, the edge planer the Pencoyd plant was 
used, and blue-chip steel cutter. attempt was first made deter- 
mine the depth cut that could made the 1-in. plate material 
nickel steel and carbon steel. Coupons in. wide and in. long 
were bolted rigidly the planer bed. With the carbon steel was 
possible make cut in., but the belt could not furnish sufficient 
power cut this depth the nickel-steel plate. cut was 
made, and, after total depth in. had been removed from the 
18-in. piece, the edge was burned off the tool. 

Successive attempts proved possible take maximum depth 
about in. cut the nickel steel; the surface, however, was 
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very rough and torn. cuts, in. depth, were next taken 
from each the 18-in. plates, and the times noted, follows: 
Time, seconds. 


Carbon steel 534 534 534 534 Average 


The carbon steel apparently had effect the tool. The nickel 
steel, after eleven cuts, had burned the edge off. cut in. 
would probably the maximum depth that would taken from 
long plate, because the destructive effect the tool. 

may concluded, therefore, that nickel steel more difficult 
machine than carbon steel, and the amount work done given 
time would less, probably not more than half much. The strips 
from the carbon steel were short length, and steel gray color; the 
strips from the nickel steel were longer, and deep blue This 
evidence the greater power necessary cut the nickel steel. This 
test was made March, 

Pneumatic in. were bolted securely two 
bolts heavy The workman was regular chipper; oper- 
ated Boyer hammer, size in.; and the chisels were 
standard size. The results are shown Table 23. 


TABLE PNEuMATIC CHIPPING. 


NICKEL STEEL. CARBON STEEL. 

Cuts. Time required. Length strips. Time required. |Length strips. 


The first two cuts the nickel steel were made All cuts made with new chisels. 
workman short chisel. 

The third and fourth cuts the nickel steel were Chisel was not affected. 
another man with new chisel taken from the stock 
room. (Workmen not like these chisels because 
their length they think they cannot much work 
with them with the short ones.) 


Material cu. in. Material cu. in. 
Material. Time. Length cut. Amount removed. 

Nickel steel ........... 15.55 min. 54.12 in. 2.58 cu. in. 


Nickel steel........... min. 84.8 in. (64%) 1.66 cu. in. 
Carbon 54.6 (100%) 8.82 (100%) 
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Hand Chipping.—Pieces, in., were bolted the same 
manner for the pneumatic-chipping test. The workman was 
expert chipper long experience. The results are shown Table 24. 


STEEL. CARBON STEEL. 


Length 


Cuts. Time required. strips. Cuts. Time required. 
Workmen rested min. Workmen rested min. 
{ | 
Second min. sec. in. min. sec. Vin. 
First cut was 10% in. long, remainder was 


in. was second cut, and in. third cut. 


in. 


| 


chipping the second strip, the chisel 
was broken after min. sec.; chip- 
ping in. further turned edge 
chisel. After min. sec. chip- 
ping, new chisel was tried; min. 
piece was broken out chisel, 
and, after another min. sec.,a 
piece was broken out second 
new chisel. 


Chisel was not affected. 


Material removed 0.97 cu. in. Material removed 1.24 cu. in. 


Material. Time. Length cut! Amount removed. 
Nickel steel............ 15.97 0.97 cu. 

Nickel min. 10.2 in. (71%) (69%) 
Carbon steel........... 14.4 (100%) 0.89 (100%) 


All this work was done the shop Pencoyd, and, though the 
period testing was short, fair comparison may drawn. may 
assumed that the time required chip nickel steel would one- 
half longer than for the usual carbon steel. 

These tests cover practically all the shop operations except milling, 
and, this similar planing, the same conclusions may drawn. 

not possible from these few tests state even roughly what the 


additional fabrication would be, should nickel steel intro- 
duced. 
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With the addition one two machines and few men, the same 
number pieces nickel steel carbon steel could handled 
the shop, provided sections the same size were used the structures; 
but advantage were taken the high tensile strength nickel steel, 
cut down the size the sections, then the output tons would 
decreased very considerably without proportionate decrease operat- 
ing expenses. The general expenses sales and auditing departments, 
general office, drafting-room, template shop, and, the bridge shop 
itself, laying-out, assembling, riveting, painting, and dead labor 
would not affected materially. 


TEST. 


The bearing-on-pins test has considerable value for comparative 
purposes. was designed give the bearing values structural 
nickel steel and carbon steel and rivet nickel steel and carbon steel 
hard steel pin in. diameter. special contrivance, illus- 
trated Fig. 73, was built for this purpose. 

This contrivance was also designed test rivets double shear, 
which explains the presence hole 1-in. hole. The 
steel pin was turned driving fit, and was supported four points 
minimize bending. The two inner bearings are tool steel, 
specially hardened and spaced with just sufficient clearance permit 
easy withdrawal the specimen after testing. 

The pieces tested were cut from the 1-in. Universal rolled 
plates nickel steel, Heat No. and carbon steel, Heat No. 
three from each; also three pieces from each two similar 
plates rolled from rivet grade nickel steel and one carbon steel. 
The following physical properties the rivet material were reported 
the mill: 


Nickel rivet steel. Carbon rivet steel. 
Composition. Heat No. 096. Heat No. 
Manganese .......... 0.53 
0.025 
Phosphorus........... 0.028 
Ultimate strength .... 84200 per sq. in. 54100 per sq. in. 
Elongation in.... 22.5% 30.5% 
Reduction area..... 59.9% 


The twelve specimens were each 3.83 in. wide, 4.50 in. long, and 
the thickness the material from which they were cut. Slight varia- 
tions length were neglected, because they would not affect the read- 
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ings materially. The average distance from the top the specimen 
the top the pin-hole was 3.83 in., but varied from 3.73 3.86 in. 
All testing was done the testing room Tinius Olsen and Com- 
pany. The load was applied the movable head 100000-lb. 
machine, and was read the beam the usual way; the compression 
was measured compressometer, reading directly in., this 
delicate adjustment being effected electric contact ringing tap 
bell.* The zero readings were taken under load order 
that all clearances the contrivance should eliminated from the 
results. 


CONTRIVANCE FOR MAKING TESTS RIVETS DOUBLE 
SHEAR AND FOR DETERMINING BEARING VALUES NICKEL 


AND CARBON STEELS HARD PINS. 


Face 

Plate (tool steel) 
Hole (drilled) 


Hole 
(drilled) 


Hole 
(drilled) 


NS x4x 4-6 


All rivets and bolts, drill holes, use turned 


Open holes solid drilled after parts are finished, riveted and bolted. 
Tool-steel will furnished shop. 


Other material taken from stock. 


Face backs angles accurately right angles thickness 
Temper tool-steel after holes are drilled. 


73. 


Two projecting arms rested the base the apparatus and two 
against the under side the specimens which projected below the pin 
for this purpose. Under each increment load there was yielding 
the pin and supports, well compression the specimen above 
the pin, and, after the yield point had been reached, distortion 
the pin-hole. This yielding varied with each test; the pin was always 


description this instrument may found Olsen and Company’s Catalogue, 
Part page 16. 
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inserted the same position. determine accurately the amount 
yielding pin and supports, piece nickel steel with half-hole 
only was used; one pair arms, instead resting against the speci- 
men, rested against the under side the pin. number such read- 
ings were taken before, between the specimen tests, and after. The pin, 
after the series tests the plate material was made, was found 
have been bent perceptibly, hence second pin was used for the tests 
rivet material. 

The half-hole piece carbon steel was used only once, because 
was badly distorted; and the readings, therefore, were discarded. 

Readings Nos. and were neglected, because large part 
the deformation pin and contrivance caused this first loading be- 
came permanent that distorted readings would have resulted from their 
use. The readings are not accurate the last figure. Readings Nos. 
and (Pin and Nos. and (Pin 2), taken consecutively, show 
that the probable error through inaccuracies readings very small. 

will noticed that after each loading there was increase 
the permanent deformation the contrivance; therefore, making 
the correction the intermediate tests specimens, this was taken into 
consideration. Reading No. (Pin shows that for some reason the 
conditions were changed, and that this not the result 
micrometer observations shown the readings for Specimen 3N. 
The conditions became again more nearly normal for 3C. 

was impossible with the apparatus hand make corrections 
for every variable. The results these tests are not scientifically 
exact, but for all practical purposes they are closely approximate. The 
corrected amounts compression for each specimen were obtained 
deducting, from the micrometer readings for the specimens, the mi- 
crometer readings the half-hole pieces, Nos. inclusive, the 
following way: The plate carbon-steel readings are based No. 
(Pin 1); the nickel steel intermediate values between No. and 
average Nos. and The rivet steels, and averages 
Nos. and and intermediate values between averages 
Nos. and and intermediate values between Nos. 
and 

Errors arising from this method affect only the amounts com- 
pression and not the elastic limit, which was obtained directly from 
curves plotted from the original readings. The loading the carbon 
steel was not carried far the plate nickel steel, because the 
very large resulting compressions the specimens, the curves becom- 
ing almost horizontal. The elastic limit fairly well marked except 
for Curve BRP 116. 

Tables 49, inclusive, give detail all the readings taken and 
also the corrected readings. 

Table arranged show the essential features each test for 


7 
q 
| 
4 
7 
| 


Papers. NICKEL STEEL FOR BRIDGES 869 


easy comparison. The figures parentheses the column headed 
“Elastic Limit” are those obtained from the corrected readings. 
shown the column “Original Dimensions Pin-Hole,” the pin- 
holes the plate specimens were in. diameter, while those the 
rivet specimens were slightly enlarged. examination the read- 
ings the plate steel revealed variations for loadings under 
not directly traceable the contrivance—they were greater for the 
nickel steel. The pin-holes these specimens were not left perfectly 
smooth the drill. the case the carbon steel, this surface, after 
small load, became polished glass, but the surface the nickel 
steel still showed roughnesses, even after the maximum load had been 
applied. The entire surface, therefore, could not have had bearing, 
and the bearing surface varied, could supposed that the amount 
compression over the pin, under equal loads, varied also, and that 
the extent this variation would decrease the load increased. The 
pin-holes the rivet steels, therefore, were scraped and smoothed with 
emery. 

evident from Table that the nickel steel has very much 
higher bearing value than the carbon steel; both within the assumed 
elastic and beyond, the resistance compression becoming greater 
relatively the load increases. Under load 115 000 Ib. per sq. in., 
the amount compression only one-tenth what the corre- 
sponding structural carbon 

These tests were made February and March, 1906. 


Specimens in. square and in. long were used.. The surface 
the plate two sides was left and the two machined. 
one machine surface the pieces rested two supports in. apart— 
the points bearing being rounded hard steel. The load was applied 
the middle through steel casting, with the edge rounded radius 
in. and bolted the movable head Olsen testing 
machine having attachment. The results were obtained 
the pencil record. The movement head within the elastic limit 
was the rate in. min., and beyond this point in. min. 
After the maximum load had been reached, the test was discontinued. 

The results are given Table 25. 

The depth the carbon-steel specimens being slightly less than 
those the nickel steel, make the results strictly comparable, the 
elastie limit the carbon steel should increased and the 

The values for “elastic limit” Table are those obtained the 
point which the stress-strain ratio changes, indicated devia- 
tion the from straight line. this point determined 
was the yield point the tensile tests, would for the 
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nickel steel, and 2570 lb. for the carbon steel, and for the elastic 
ratios, and 50, and the deflections, 0.101 in. and 0.066 in., re- 
spectively. 


TABLE STEEL AND 
STEEL. 


PER 


elastic limit, 


Elastic 


Maximum Elastic inches. 
limit, load, ratio. 
pounds. pounds. Percentage. 


NICKEL-STEEL, UNIVERSAL No. 673. 


The general conclusions would not altered, however, the elastic 
limit for the nickel steel being nearly double that for the carbon steel, 
with deflection only 1.55 times great. the “bearing-on-pins” 
test, therefore, would seem that the nickel steel was decidedly the 
stiffer material. The maximum load carried the nickel steel was 
1.85 times that sustained the carbon steel. 


TESTs 


Twelve struts were designed for this test, three nickel steel, 
ft. long, and three same, ft. long from center center end 
pin-holes, and the same number each length medium carbon steel. 

Each was built four angles, in., and two plates, 
in., laced two sides with bars in. and in., and had area 
cross-section 17.44 sq. in. The ends were heavily reinforced in- 
sure failure the body the strut. 

The design these struts shown Plates and CVI. The 
material was rolled the Carnegie Steel Company, its Homestead 
Works, and was fabricated the shops the American Bridge Com- 
pany, Ambridge, Pa. The tests were made the 
testing machine The Phenix Iron Company, Phenix- 
ville, Pa. 
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was intended that all material each kind, except the rivet 
steel, should from the same melt. This was not effected; but the 
record Table shows that the variations are not greater than would 
any bridge member. 


TABLE 26.—MATERIAL USED THE FABRICATION STRUTS. 


Nickel steel, Heat No. Carbon steel, Heat No. 
“ 114 by 36 i | 17 749 
Lace bars, 24% in. 749 (55) (6) 161 


COMPOSITION. 


Heat No. Nickel. Carbon. Manganese. Sulphur. Phosphorus. Silicon. 
2116 3.50 0.7 0.08 0.04 
PHYSICAL PROPERTIES. 
Heat No. Elastic limit. Ultimate strength. 
673 500 112 600 16.5 50.0 
900 800 19.5 28.4 
065 500 108 600 18.75 41.3 
520 200 56.2 
254 100 300 81.75 56.2 


The bending tests this material were very satisfactory. Those 
for the nickel steel are fully detailed elsewhere this paper. Those 
for the carbon steel, Heat No. 41520, bent 180° with opening 
in. before cracks showed. Heat No. bent 180° flat without 
cracking. 

The material was received the shop during January and Febru- 


ary, 1905. Shopwork was proceeded with during the latter part 
April. 
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“De Pontibus” specifications for medium-carbon steel were 
govern the fabrication, the detail drawing, however, was not marked, 
the punching was started full size. The 6-in. pin-plates for all the 
struts, and twelve holes one 10-ft. nickel-steel angle and three holes 
another, were punched in. diameter instead in. The shop 
also mis-sheared the nickel-steel pin-plates. These errors, indirectly, 
caused delay one year; and, before the rejected material could 
replaced, all work was ordered stopped. The shop was ready resume 
March, 1906, but, during the interval, the rivet rounds, one 10-ft. 
nickel-steel angle, and several lace-bars were lost. order pro- 
ceed, angle from Heat No. was used, and two 
lace-bars were substituted for each missing nickel-steel bar. 
These were placed the ends the struts have minimum 
effect the results. The 6-in. plates nickel steel were replaced, and 
the other mis-punched material was used. Additional nickel-steel rivet 
material was ordered. Carbon-steel rivets were taken from stock. These 
matters being finally adjusted, shopwork was again taken April, 
and pushed through without mishap. Extreme precautions were taken 
every step keep the two steels separate. 

One punch and one die were broken during the punching the 
nickel steel. All reaming was done dry, with only graphite lubricant, 
and with high-speed blue-chip reamers. One reamer could ream 
about in. holes the nickel steel before needing 
regrinding;. while, the carbon steel, could four five times 
much. The riveting was done with machine capable exerting 
pressure about tons per sq. in. 

This riveting work was all done one time, the same machines. 
the rivets being heated the same fire. variation was made from 
regular shop practice. All rivets were tested, but none cut out. The 
heads many the nickel-steel rivets cracked the edge making 
and driving, but, the whole, the appearance was very good. 

The struts were shipped Phenixville April 21st, where they 
were tested early June. 

special bolster was made the Phenix Iron Company 
for holding the ends the struts position the machine. The 
struts, therefore, were free move vertically, and, this direction, 
were the same round ended, this being the usual condition 
connected bridge construction. The short struts were not supported, 
except the ends; but the long struts, order counteract the bend- 
ing from their own weight, were counterweighed two intermediate 
points, ft. apart. the eye, these long columns, when the ma- 
chine, appeared straight, and stretched string showed camber 
ward not exceeding any instance more than 0.34 in., and two struts 
that showed such camber failed bending the opposite direction. 
would seem, therefore, that this initial flexure had influence 
the result. 
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the load was applied these long columns, flexure took place, 
the normal condition being resumed the removal the load until 
permanent set was evident. 

The pressure was registered Shaw mercury gauge, graduated 
equivalent 32000 Ib. load the strut. Intermediate 
values could easily read. The accuracy this gauge was examined 
and certified the maker. 

The amount compression the struts under each increment 
load was measured contrivance, designed Tinius Olsen and 
Company, consisting long arm (7.54 ft. for short struts and ft. 
for long struts), one end resting immovably one batten-plate, 
and the other carrying pointer resting punch mark made the 
batten-plate the other end the strut and turning axis, 
placed that any variation the length the strut was multiplied 
five times and measured arc divided hundredths inch. 
This becomes very delicate apparatus, when the length between bear- 
ing points considered. The movement the head the machine 
varied from in. per min. 

Strut No. the first tested, was the short one nickel steel, having 
the angle substituted from heat containing 44% nickel. 
The load was applied continuously, and the pointer the gauge and 
the mercury column were watched carefully. This procedure was 
adopted for the first test, with some hopes that the elastic limit could 
detected the movement the pointer the mercury column, 
perhaps both. There perceptible change the rate 
movement either. 

The two mis-punched angles were also used this strut, also car- 
bon-steel lace-bars replace the lost ones nickel steel, described 
before. 

succeeding tests, loads increasing amounts were alternately 
applied and removed, and the movement pointer noted. This method 
was very successful establishing what loads produced permanent 
set, also the amount temporary shortening under these loads. This 
quantity the sum two changes, one resulting from compression 
the material and the other from the bending the strut. was 
thought that succession applications loads this way would 
weaken the strut below what might expected carry, that, 
the beginning the work, greater difference between the successive 
loads was adopted. The number was gradually increased, the maxi- 
mum strength the strut did not seem affected thereby. 

Table the smallest appreciable permanent set was assumed 
0.005 in. and “set” 0.005 in. 7.54 ft. corresponds set 
0.018 in. 27.0 ft., the load producing approximately this amount, 
0.015 in., included for comparison. 


will noticed that one instance only did long strut nickel 
steel have set this amount. 
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TABLE RESULTS COMPRESSION TESTS 
STRUTS. 


NICKEL STEEL. STEEL. 


Ratio: 
Nickel steel 


Carbon steel 


Load per square inch Load per square inch 
Strut No. producing: producing 


Set 
0.005 


Set Set Set 


Set 
in. 


10-Foor 


§ 


| 


Average. 


The reading the pointer was discontinued after marked perma- 
nent set was shown, when the temporary shortening was much 
exceed the limits the contrivance; three instances was 
possible watch the pointer the failure the strut. 

The permanent set two tests was not obtainable, one the short 
strut nickel steel, already explained, and the other the first 
long strut tested—Strut No. carbon steel. The movement this 
strut disturbed the extensometer that the readings taken are doubt. 

The short struts failed the buckling the angles and side plates, 
four cases the middle panel, and two cases the panel next 
the middle. The first carbon-steel strut crumpled upward, the others 
sideways. 

The long struts failed bending. The distortion the pin-hole 
was not appreciable. 

The amount deflection the middle the long strut after 
failure varied from 0.64 2.60 in. 

These tests were conducted with great care, and the figures given are, 
believed, correct. They are based data furnished the 
Iron Company the relation existing between the mercury column 
and the pressure the piston the machine. 

elastic limit, The total permanent set was exceedingly small, especially 
the nickel-steel struts. The readings, however, are very uniform. 
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The compression the 10-ft. struts, under equal loads, seems 
about the same for both steels, the point where the carbon steel 
shows permanent set; and then becomes greater for the carbon 
steel. The amount bending the long struts the same for both 
steels the point failure the carbon steel. 

The results are shown detail Tables and and the 
photographs, Figs. and Plate CV. The nickel steel this test 
compares very favorably, indeed, with the carbon steel, the short struts 
being three-quarters and the long struts one-half strong again 
those carbon steel. 

These tests were made June, 1906. 


ELASTICITY. 


The coefficient modulus elasticity the ratio the unit- 
stress the unit-deformation, within the elastic limit the ma- 
terial. its value varies inversely with the deformation, may 
regarded measure the stiffness the material. The less the 
change length under given stress the greater the coefficient 
elasticity and the stiffer the material.* 


Six specimens were prepared, three nickel steel and three 
steel, follows: 


No. 158 from the 1-in. plate nickel steel, Heat No. 


673. 

from 1-in. unannealed eye-bar nickel steel, Heat 
No. 749. 

from 1-in. annealed eye-bar nickel steel, Heat No. 
749. 

No. 196 from 1-in. plate carbon steel, Heat No. 
342. 

No. 162 from 1-in. plate carbon steel, Heat No. 
342. 

No. 109 from plate carbon steel, Heat No. 


The specimens were turned for distance in. between fillets 
diameter large possible. This form was used because the 
construction the Olsen extensometer made round specimen de- 
sirable, and because the area turned round may 
with greater accuracy than that rectangular section. 

The loading was applied very slowly, and all readings were 
with the beam balancing. Within the elastic limit, given load may 
sustained for indefinite period, but, the piece begins yield, 
the stretching relieves part the load. Restoring again increases 
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the stretch, and this condition continues until equilibrium es- 
tablished, when the beam will remain “balancing.” 

The extensometer read directly in. and means 
vernier in. The first reading was always taken with given 
load the specimen—4 000 lb. for the larger pieces, and lb. for 
the carbon-steel pieces. one the tables filed for reference the 
Library the Society, however, all readings have been reduced 
assumed zero stretch with load the specimen. The values ob- 
tained are not scientifically exact. They are nearly correct the 
apparatus and observations could make them. several in- 
stances two sets values for the coefficient are recorded; the “a” 
results are more nearly agreement and believed are the more 
accurate. With pieces, “B1,” the range over which the “b” readings 
were taken small, and, though change seems take place 000 
only apparent, and, had intermediate readings been taken, 
probable that series would have been obtained similar those be- 
tween 12000 and 25000 lb. the case the carbon steel, after the 
had been taken, the load was removed and second 
series taken check the first, because suspected errors— 
through slipping either the apparatus the grips. The range for 
the carbon steel was necessarily small, and believed that more 
delicate apparatus should used for such material. 

The values for the two steels are: 


For the nickel steel.. 000, 1-in. plate, No. 158. 
For the carbon steel.. plate, 196. 


The coefficient for the nickel steel slightly higher, but the differ- 
ence not great; and, probable errors measurement speci- 
mens loads may high 500 000, may assumed that below 
the elastic limit the two steels behave almost identically. Beyond the 
elastic limit, however, the yielding the nickel steel more gradual, 
and smaller amount. 

Had the entire range, the yield point, been taken each 
the nickel steel would still found have the higher co- 
efficient, the difference being greater than before. 

will noticed that the elastic limit, determined this 
method, considerably below the yield point. Curves plotted from 
these readings show clearly the relationship between the two. After 
the amount stretch the yield point had been noted, the tests 
were continued and the specimens broken with the results shown 
Table 28: 
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ELASTIC 


Reduction 


Area, 

Mark. square 
inches. 


Fracture. 


Yield 
point, 
pounds. 
Elongation, 
cent. 
area, 
per cent. 


Elastic 
limit, 
pounds. 
Yield 
point, 
per cent. 


strength, 
pounds, 


158 


0.760 


54.1 
200 


Cup. 


STEEL. 


0.590 11900 400 


700 


agreement the case the nickel steel, Table 56; the case the 
carbon steel, the yield point, determined above, lower than that 
obtained from the specimens, and this could have been 
anticipated, the speed the machine was different. The method 
just described allowed the full deformation the piece take place 
before the given load was increased; while, the previous tests, the 
load was continuous. 

The tests turned rounds also gave lower values for the yield point 
and ultimate strength, because the removal the rolled surface 
skin, 

From these tests also seen how, under certain conditions, the 
the elastic limit the yield point the ultimate strength 
becomes, for the nickel steel, 50% higher than for the carbon steel. 

The very low ratio reported Table for the 1-in. plates 
steel may partly accounted for the speed the machine, 
having been in. min., for these pieces, and in. min. for the 
other pieces. The tests made the plant the Luken’s Iron and 
Steel Company, Table 33, show, however, that not all the drop may 
for this way. 

would interesting experiment further this direction, and 
obtain the amount permanent set under given increments load. 
Only two attempts were made obtain data this kind. 

The load was removed from piece No. 158 after 30000 (39 500 
lb. per sq. in.) had been reached and set 0.0001 in. was noted. The 
removal load from (original bar) after Ib. (55 400 Ib. per 
sq. in.) gave set 0.0018 in. 


Comparing the results Table with those obtained the 
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Further attempts were abandoned because the danger serious 
derangement the extensometer and the interruption the continuity 
the readings. 

Tests 


This material was rolled the Carnegie Steel Company from the 
two 51-ton heats, Nos. 673 and 749, known “ideal shape nickel 
steel.” 


The following sizes were tested: 


| | 


The bars were forged and the Plant the 
American Bridge Company. 

Forging 6-in. June 14th, 1906, the 6-in. bars were 
taken into the shop. The eighteen months’ exposure had rusted the 
surface considerably. 

The general method followed forging these bars differed only from 
the usual practice that the desired temperature was obtained more 
slowly. Along with the four nickel-steel bars, sixteen plain carbon-steel 
bars were heated and forged. 

Each bar was stamped with distinguishing mark—B and 
identification. From one end each, two pieces, in. long, 
were sheared for specimen tests, one piece being tested rolled and 
the other after having been annealed with the forged bars. 

The furnace used for heating was fired with gas. The bars were run 
bars being put the same time. 

intervals, the temperatures furnace and bars were obtained 
the Chatelier electrical pyrometer, and, when this failed, 
Queen and Company optical pyrometer. 

First temperature the furnace 10.30 was 
1200° (650° cent.), 11.20, twelve minutes after the bars had been 
entered, was 1115° (600° cent.). The temperature the time 
forging was not obtained, as, through misunderstanding, the heater 
removed the bars before the stated time. After the rough heads (known 
cobbles) had been formed the pile two bars, they were then 
rolled, still together, and then brought back the furnace. Prac- 
tically all the upsetting was done this operation, the second upsetting 
simply perfecting the shape head. 

The second heating was carefully watched; the “cobbles” were 
entered about 12.15 12.40 the temperature the furnace 
was 1960° (1070° cent.); 12.52 was 1975° (1080° 
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and after this reading the thermo-junction the pyrometer separated. 
and were then removed for final upsetting. The furnace was then 
higher temperature, reaching (1200° cent.) 1.42 
M., when Bar was removed. 1.45 Bar was removed, 
the temperature being about (1230° cent.). The head Bar 
was dished punching, which necessitated reheating and flatten- 
ing under ram. 

After the final upsetting, the bars were rolled singly and then 
punched, and the ears were sheared off, after which each bar was again 
rolled and laid edge skids until the entire heat was forged. 

The scale formed during the heating was removed rapid hammer- 
ing both before and after upsetting. 

Annealing 6-in. order, possible, obtain 
variation the heat treatment the bars, they were run into the fur- 


nace pairs, with the short lengths for specimen tests top, shown 
Fig. 74. 


74. 


Bars and rested the rolls and were separated from Bars 
and square rods. The specimen pieces were ‘placed 
about ft. from the ends the bars. 

The free circulation the gases through the pin-holes and the pos- 
sible overheating the head were prevented placing caps, in. 
square, over the holes. 

All temperature readings were taken with the electrical 
this was calibrated before being used. The gun the pyrometer was 
inserted through small rectangular openings, about in. square, ft. 
apart and in. above the tops the rolls and in. above the eye- 
bars; the temperature the furnace recorded, therefore, that about 
ft. above the top bar. The place occupied the bars was probably 
from 100° (10 40° cent.) cooler than that indicated. 

The bars were rolled into the furnace 9.40 June 16th. The 
furnace had been operated continuously during the night, and was, 
therefore, thoroughly heated. 

The heating Bars and occupied hr. min., and 

The probable average temperatures the bars, when withdrawn, 
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Forging Eye-Bars—The same marks that were 
stamped the 6-in. bars were put the 2-in. bars for identifica- 
tion. These bars were heated oil-fired furnace somewhat need 
repairs, that the heating could not controlled accurately; the 


extreme ends were much the hotter. The bars were heated and forged 
themselves. 


the first head: 


Bar was the furnace min., 
“ B 9 “ “ "6 “ 
“ B 3 “ “ “ “ 83 “ 


The average length each interval required for upsetting, rolling, 
was min., total min. for each bar. 

Reheating was made necessary because the great width head 
relative the width bars, the excess being about per cent. 

account the poor condition the furnace, the bars were 
shoved about in. further than usual. 

the second head: 


Bar was the furnace min., 
“ B “ “ “ “ 59 


“ 


| B4 
“ “4 
| 


75. 


The average length each interval required for upsetting, rolling, 
bar. Bar was heated fourth time, and the total time for upset- 
ting, was about min. 

The total time occupied with both heads was hr. min. 

Forging 2-in. Eye-Bar—The 2-in. bar was heated 
and forged with five plain carbon-steel bars. The heating was done 
the furnace used for the 2-in. bars, and the upsetting, etc.. 
were done the same men and machines. For identification was 
stamped 

The first head was the furnace hr. min., the second, min. 
The forging the first head occupied min., three intervals; the 
second occupied min., five intervals. 

The total time occupied was hr. min. 

annealed the furnace already described. The heat treatment dif- 
fered slightly, higher temperature being attained. 


10.25 the bars were rolled into the furnace the order 
shown Fig. 75. 


4 
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The length time the bars were the furnace was hr. min. 

the time withdrawal the temperatures the heads the 
bars nearest the door were, for Bar B1, 1500° (820° cent.); 
1440° (780° cent.), and B3, 1400° (760° cent.). The temperature 
the 16-in. bar was not taken because the breaking the thermo- 
junction. Its temperature, however, was probably (870° cent.), 
the stack end the furnace being approximately 100° (40° cent.) 
higher than where the other bars were. The approximate average 
temperatures the bars were probably follows: 1550° (840° 
cent.); B2, 1500° (810° cent.); 1450° (790° cent.); B4, 
(900° cent.). 

Tensile Tests Full-Sized bars were tested 
the new hydraulic testing machine the American Bridge Company, 
Ambridge, Pa. The pressure was supplied short-stroke, two- 
cylinder, Deeming hydraulic pump geared electric motor. The 
capacity the machine the pressure being read 
Shaw mercury gauge. 

The only nickel-steel bars manufactured (within the writer’s 
knowledge) the present time are those made the American 
Bridge Company for the Blackwell’s Island Bridge, New York City. 
With knowledge the difficulty obtaining the yield point 
nickel steel from the movement the mercury column, was agreed 
between the manufacturer and the engineer that extensometer 
should used for establishing this point, and that should 
assumed the load producing permanent set 0.025 in. 
ft. This method has not given entire satisfaction, because the 
unusually low elastic limits reported times. 

was intended, this experimental work, follow the same pro- 
cedure; but the results thus obtained when considered their rela- 
tion the readings whole and the physical condition known 
peeling are inconsistent. believed that several instances the 
yield point had not been reached when the extensometer had recorded 
set 0.025 in. ft. 

the yield point there always marked change the amount 
stretch when the load increased uniformly, and, between the 
limit and this point, the stretch becomes gradually greater for 
each increment load. Just before and the yield point, the mill 
furnace scale begins fall from the bar because its unelasticity. 
This certain indication that the bar stretching rapidly. 

Tables and 56, therefore, the results have been worked out 
this basis, and not arbitrary assumption based certain 
permanent set. 

This method for determining the elastic limit yield point was 
the same that used the tests struts, the load increasing 
amounts being alternately applied and removed, the stretch and 
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permanent set each application noted the extensometer. The 
readings are given Tables and 55, corrected, however, that 
the zero readings for stretch and permanent set occur under load. 

Actually, the pointer was set advance the zero mark, 
was found impossible set the extensometer pointer exactly this 
mark. was also found, several instances, that, after small 
load had been put the pointer returned far pass 
the original setting, and the case the 6-in. bar, passed the 
limit the graduated portion that all the readings had 
estimated the eye. 

The several readings taken two points within the elastic limit 
the 8-in. and 16-in. bars, Table 55, furnish some 
information the probable error these results. will seen 
that differences several thousandths occur. Such series read- 
ings for permanent set occur for the 6-in. bar, where, between 
loads 300000 and 330000 there was change, furnish another 
reason why too much importance should not given these results 
themselves. 

The complete graduated measured extension but 0.5 
hence the readings were limited this amount, which far too 
small, thought, for obtaining all the information necessary 
determining accurately the yield point. The readings for each bar 
were discontinued only when the limit the extensometer had been 
reached. 

Another objection this procedure was the inability the opera- 
tor sustain constant pressure sufficiently long for yielding 
the material take place, described under “Coefficient Elas- 
ticity” determinations. This was especially the case with the small 
bars; was impossible reduce the speed the machine what 
should have been for experimental work. The speed could varied 
within certain limits electric controller connection with the 
motor operating the pump; and also varied with each increase 
Just before the maximum load for the 6-in. bars was reached 
the movement head was about in. min.; for the 8-in. bars, 
in. min.; and for the 16-in. bars about in. min. The 
and 8-in. bars broke with uniform silky fracture, and average 
amount elongation and reduction area; and the drop 
strength and elastic limit below those the specimen unannealed 
tests was fairly uniform, that the annealing described was evidently 
properly done. The number tests too small draw any conclu- 
sions the effects forging and annealing temperatures, the dif- 
ferences between the individual bars being very small. 

The fine crystalline fracture the 16-in. bar would give 
for thinking that should have been held for longer time the 
annealing furnace and lower temperature. The fracture was 
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uniform, and gave indication maltreatment; but the elongations 
are greater than those the smaller bars. 

obtain the coefficient elasticity tension from these tests. For 
this purpose ten readings with the extensometer were taken the 
stretch each the and 16-in. five with given load small 
practicable, and five with load just below the elastic limit 
(Tables and 55). The readings vary slightly, already noted, but, 
after excluding the doubtful ones, average was used for the coeffi- 
cient determination. 

The following coefficients elasticity were obtained: 


770000 


and, similarly, from the 1-in. bars, the approximate values: 


These values are much below the 30000000 obtained from the 
round specimens cut from the 6-in. bar, 

The most reasonable explanation this difference that the areas 
used the calculations are too large. These were taken with calipers 
after all loose scale had been knocked off, and were the same those 
used obtaining the physical properties. The actual area cross- 
section always less than the section measured, because the heavy 
resulting from rolling and annealing. Assuming the coefficient 
elasticity 30000000, obtained from the specimens, the 
extensometer readings would indicate that the loads per square inch 
given Tables and are about too small for the 6-in. bars 
and and too small for the 8-in. and 16-in. bars. Some the 
errors may arise from the extensometer readings, but the fact that 
there close agreement among the bars the same size would 
point the first explanation. This scale difficult remove. It. 
may much in. thick the heads; and scale 0.04 in. thick 
would sufficient account for this difference. 

Tensile Tests Specimens Eye-Bar tensile tests 
the specimens cut from the 6-in. bars, B2, and B4, were 
made The Riehle Brothers Testing Machine Company Philadel- 
phia. The results are disappointing because the failure the 
Riehle apparatus work properly. The yield point had 
estimated from measurements obtained pair dividers. 
The specimens from 8-in. and 16-in. bars, with the exception 
32, were tested Drexel Institute Olsen machine 
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with autographic apparatus. The two curves obtained for Speci- 
mens and are very different from the others the yield 
point and, therefore, are marked abnormal. The variation speed 
was not sufficient affect the results materially. 

The yield point, ultimate strength, and elastic ratio, Table 57, are 
lower for the annealed specimens every instance but one (HB 
broken The Riehle Brothers Company). The elastic ratio this 
piece higher; but the yield point doubt, dividers were 
used. The elongation in. the annealed specimens less than 
the unannealed all but four instances. two these 
equal, and the other two but 0.2% and 3.3% higher; and the 
latter case, the fracture the unannealed bar occurred near the 
end gauge mark, that the stretch one side was limited the 
fillets. The reduction area annealed bars lower all but two 
instances—the two pieces cut from the 8-in. bar, 

The differences are very small, and the large elongations and 
reductions both the annealed and unannealed bars are indicative 
good quality material. 

The location these specimen pieces the eye-bar matter 
interest. The center line specimens cut from the 6-in. bars 
was located in. from the edge; from the 8-in. bars, two pieces were 
cut, one from the edge and one from the middle the bar; and from 
the 16-in. bar only one 18-in. length was cut, and this was again 
sheared along the middle line, giving two pieces, in., one 
which was annealed with the bar. Pieces for bending tests were cut 
from the rolled edge, and the tensile pieces marked “2” next these 
and in. from the rolled edge. The piece marked “1” was cut from 
the sheared edge, that and were adjacent the 
bars; the former being tested rolled and the latter being annealed. 

The yield point and tensile strength the pieces cut from the 
edge and middle the same bar are different. Edge pieces, with the 
exception pieces and 22, gave lower results. These 
differences are practically eliminated annealing. 


TABLE 29.—Comparison Tests SPECIMENS. 


Middle. Edge. 


Original. 


Yield point......... 600 800 


Ultimate 101 500 800 500 600 100 100 000 
Elastic ratio........ 58.7% 54.9% 56.4% 54.5% 
Elongation 21.1% 20.1% 21.9% 21.0% 19.4% 


49.7% 47.4% 51.1% 
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Bending Tests Eye-Bar already described, pieces 
in. long were cut from each bar before forging. One piece was 
annealed with the bar from which was cut, but the other received 
heat treatment whatever. 

The specimens for bending were taken from the edge, and one side 
only was machined. They were in. the thickness the 
bar. 

The bending was done the hydraulic bending machine Pen- 
coyd, Pa., the American Bridge Company’s shop. 

mandrel with end rounded radius in. was used for the 
specimens in. thick, and the anvil was U-shaped with mouth in. 
wide. The casting was broken the first attempt. similar, but 
heavier, anvil with 94-in. mouth was used throughout the series. 

Each specimen was bent much possible being forced into 
this opening the 4-in. plunger, and then bent farther pressure 
the ends. was desired that the radius bend should reduced 
the thickness the material; and every instance the bending 
was greater than this. 

The specimens from the 6-in. bars were similarly bent, the plunger 
being in. instead in. diameter, and the aperture anvil 
being reduced in., thus increasing the amount bending about 
the end definite amount bending was contemplated, 
therefore some the pieces were bent cracking. Table and the 
photograph the bent specimens shown Fig. Plate CIV, give 
detail the results this bending. 

The radius the inner surface the bends varied from 0.4 0.7 
the thickness specimen, thus satisfying the usual requirements 
demanded medium carbon steel ultimate strength. 
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APPENDIX 


cent 
UNIVERSAL PLATES.—HEAT 673. 


test only. 


Average 


Average 


Made 200 Olsen 


Average 4.. 


250 
600 


Average 4.. 


1.019 
1.250 1.019 
1,250 1.019 


97100 


1.278 54.6 28.0 


table condensed from the original giving, for each 
Distance from nearest end gauge mark. 


tests, 
Fracture slightly crystalline. 


1.250 x 1.005 1.256 | 55400 |} 106800 | 51.6 | 37.0 picks 19.3/45.8 
1.250 « 1.005 1.256 | 58550 | 107820 | 54.5 | 38.5 27.6 | 22.7 20.0\47.4 
| 1.250 x 1.005 1.256 | 61600 | 107900 | 57.4 | 40.0 | 30.5 | 24.7 |21.5/48.2 
: FCS 1,250 « 1.000 1.250 | 58400 | 104600 | 55.8 | 38.0 | 28.0 | 21.7 |19.8/48.9 ; 
1.250 « 1.000 1.250 | 58590 | 104600 | 55.9 | 89.0 | 28.7 | 22.0 |19.8/49.1 
Ee = 1 250 x 1.000 1.250 | 58600 | 104600 | 56.0 | 40.0 | 29.5 | 22.3 |19.8/49.4 
1.510 x 0.750 102 000 | 59.5 | 30.0 | 24.0 | 20.0 |18.0/40.8 
1.510 x 0.750 102500 | 60.6 | 32.0 | 24.6 | 20.8 |18.6/42.0 
1.510 x 0.750 108 700 ‘eee 34.0 | 25.0 | 22.0 — 
28.7 | 23.7 21.3/48.5 | 


q 
q 


Papers. 


(PART 


NICKEL STEEL FOR BRIDGES 


887 


STANDARD SPECIMENS STRUCTURAL STEEL. 


Machine Drexel Institute. 


FRACTURE. 
> 
Speed breaking. speci- Remarks. 
men. 
| 
Ang. beyond yield point, then Edge. 
1Cup. well beyond yield Yield point lost. 
Cup. min. within yield point. Yield point fairly well marked. 
min. again; finally in. 
min. 
Cup. throughout. Edge. Yield point lost. 
Cup. in6 min. within yield point; Yield point well marked. 
after yield point; then in. 
end. 
min. See No. 52. 
|4.7| beyond yield point; then in. marked. 
Cup. min. within yield point. Interior.| Yield point well marked. 
S.1Cup. beyond yield point; then in. 
Cup. beyond yield Edge. Yield point fairly well marked. 
min. before and well 
beyond yield point; then in. 
min. within yield point. 
min. before and well 
teyond yield point; then in. 
Cup. min. witbin yield Edge. Yield point fairly well marked. 


min.; finally in. min. 
end. 


average and maximum records, shown the first column, 


in 
q 
7 
7 i 
4 
q 
‘3 
q 


888 NICKEL STEEL FOR BRIDGES 


Made 200 Olsen 
All Specimens Lo- 


ORIGINAL. PER INCH. 

UNIVERSAL PLATES.—HEAT 342. 

Average 1.510 0.355 0.536 800 800 720 
Maximum........ 1.510 0.355 0.536 400 500 400 


16-IN. UNIVERSAL PLATES.—HEAT 


Minimum......... 1.510 0.380 0.574 


520. 


UNIVERSAL PLATES.—HEAT No. 342. 


Average 4..... 1.510 0.475 0.217 880 
1.510 0.755 1,140 500 


Average 6...... 1.250 1.250 


100 000 
770 


700 200 


700 900 
050 150 


400 500 


700 


51.9 61.7 
60.5 64.1 
66.1 67.8 
54.2 
52.9 
53.8 54.4 
57.6 58.1 
57.8 58.5 
57.9 58.9 
52.5 54.4 
54.7 
54.9 55.2 
43.3 45.4 
44.9 
46.4 50.5 
43.8 45.5 
43.8 45.8 


table condensed from the original giving, for each group tests. 


Distance from nearest end gauge mark. 


9 


| | 
Coad 
36 250. 66 750 
36 600 67 390 - 
7 
230 850 
900 500 
26 950 58 600 
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STANDARD SPECIMENS. STRUCTURAL CARBON STEEL. 
Machine Drexel Institute. 
cated Edge. 


PERCENTAGE 


FRACTURE. 
ELONGATION IN: 


Speed breaking. 


Reduction 


Location, 
inches.* 


end. 


3.2 
end. 


min. throughout. 


“ 
“ 


p. “ 
Ang. 
Cup. . 


Cup. min. within yield point; 
Cup. in. min. before and well 
min 


Aug. min. within yield int; 

min. 


minimum, average, and maximum records shown the first column. 


= 


Distance from nearest end gauge mark. 


TABLE 32.—TENSILE TESTS PARALLEL-SIDED’’ SPECIMENS STRUCTURAL NICKEL 


Made 200 Olsen Machines Pencoyd Iron Works and Lukens Iron and Steel Company. 
> g. 40 sec. sec. 
i=] | 
| 


table condensed from the original giving, for each group tests, minimum, average, and maximum records. 
*Distance from nearest end gauge mark. 
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TABLE 33.—TENSILE TESTS PARALLEL-SIDED SPECIMENS STRUCTURAL CARBON STEEL. 


Made 200 Olsen Machines Pencoyd Iron Works, Pencoyd, Pa., and Lukens Iron and 
Steel Company, Coatesville, Pa. 


pounds. 
UNIVERSAL PLATES.—HEAT No. 342. 
table condensed from the origina] giving, for each group tests, minimum, average, and maximum records, shown 
the first column, 
Distance from nearest end gauge mark. 


TABLE 32.—TENSILE TESTS 


PARALLEL-SIDED SPECIMENS STRUCTURAL NICKEL 


4 
| 
| 
| 
| 
‘ | 
| 
| 
| 
| 
WEA 
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TABLE 34.—TENSILE TESTS—NICKEL STEEL 


Heat No. 673. 


| 


Average 4... 


Minimum...... 
Average 4.. 


Average 


Average 4... 


Minimum...... 
Average 


Minimum...... 
Average 2... 


AND SUB-PUNCHED 


11 
16 


SPECIMENS 


IN. AND REAMED 


IN. WIDE, WITH HOLES PUNCHED 


15 
16 


Made 200 Olsen Machine Drexel Institute. 


DIMENSIONS 
ORIGINAL NET 
SECTION. 


hes. 


ine 


Total. 


| 


DIMENSIONS 
FRACTURED SEC- 
TION. 


Total. 


PER SQUARE 
INCH. 


Yield Ultimate 


Area, 
inches. 


Thickness, 


2.05 


2.06 
2.08 


2.05 


2.05 


0.789 


0.794 
0.801 


0.789 
0.790 


1.557 
1.561 


1.530 


mee 


0.786 
0.789 


1,497 


mehes. 


0.630 


0.660 


0.715 


0,722 


1.345 


1,89 


1.97 


point, 
pounds, pounds. 


PERCENTAGE 


ELONGATION 


Elastic 
ratio. 
Per cent. 


113 800 


114 700 
115 500 


600 
103 850 


106 300 


109 400 
111 550 
700 
200 
220 
100 


500 


550 
500 


000 


000 


000 
620 
000 
000 
870 
500 


Com 


300 
450 
600 


700 
350 
102 000 


400 
900 
400 


900 
850 
800 


were straightene 


before breaking. 


IN. DIAMETER. 


Reduc- 
tion 
area. 
Total. 
Per cent. 


Character 
fracture. 


Ang. 

Cup. 
Silky-Fine Crys. 
Ang. 


Crystalline. 

Crystalline. 

Crystalline. 

Crystalline. 

Crystalline. 

Crystalline. 


Crystalline.* 
Crystalline.* 


Cup. 
Ang. 
Ang 


Crystalline. 
Crystalline. 


table condensed from the original giving for each group tests, minimum, average, and maximum records. 
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TABLE 35.—TENSILE TESTS—CARBON STEEL—ON SPECIMENS IN. WIDE, WITH HOLES 
IN. AND REAMED IN. DIAMETER. 


16 


Made 200 Olsen Machine Drexel Institute. 


PUNCHED 


IN. AND 


hes. 


ine 


Thickness 


CARBON STEEL 


DIMENSIONS 
ORIGINAL NET 
SECTION. 


DIMENSIONS 
FRACTURED SEC- 
TION. 


Total. 


Area, in 
Width, square 


inches. 


incnes. 


Total. 


Area, 
Width, 


LOAD PER SQUARE 
INCH. 


cent. 
strength. 


point, 


pounds. 


Elastic 
ratio. 


HEAT No. 342. 


~~ 


ve 


Average 4... 


Average 


an 


Average 


Average 


the first column. 


0.738 
0.742 


1,580 


1.538 
1,540 | 


0.527 
0.541 
0.547 


0.583 
0.591 


1.014 


000 
500 
000 


000 
620 
000 


500 
250 
500 
000 


500 
500 


000 
270 
400 
500 
120 
100 


400 
100 


000 
420 
400 


These pieces were bent punching, and were straightened before breaking. 


PERCENTAGE 
ELONGATION IN: 


Reduc- 
tion 
area. 
Total. 
Per cent. 


Character 
fracture. 


25.6 
26.7 
28.6 


20.3 


26.9 
30.0 


6.9 
8.4 
9.4 


Ang 
in. near hole. 
Crystalline. 


Crystalline.* 
* 


table condensed from the giving, for each group tests, minimum, average, maximum records, shown 
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TABLE 36.—TENSILE TESTS—NICKEL STEEL AND CARBON STEEL—ON SPECIMENS IN. WIDE, WITH 
PUNCHED-RIVETED. 
Made 200 Olsen Machine Drexel Institute. 
DIMENSIONS DIMENSIONS LOAD PER SQUARE PERCENTAGE 
ORIGINAL NET FRACTURED ELONGATION IN: 
SECTION. SECTION. 
Reduc- 
Elastic tion 
Test. Total. Total. ratio. area. Character fracture. 
Yield per cent. Total. 
STEEL—HEAT No. 342. 
Minimum...... 2.04 0.715 1.91 000 200 69.4 9.5 16.0 Ang. 
RQ 
2.05 2.05 41000 48100 80.2 1.5 1.0 Crys. 
STEEL—HEAT No. 673. 
Minimum......| 2.06 0.798 1.99 0.704 75000 70.0 4.0 2.0 8.3 Crys. 
Average 2.06 0.793 1.99 0.715 71.9 5.0 2.5 Cup. 
2.05 2.08 1.496 000 300 80.3 1.5 0.7 Crys. 
Average 4... 2.06 1.503 78500 200 89.1 2.0 1.0 2.9 
Maximum...... 2.07 1,553 2.05 82500 300 95.7 3.0 1.5 


table condensed from the original giving, for each group tests, minimum, average, and maximum records shown 


the first column. 
These pieces were slightly bent punching, and again cutting off the rivet heads. 
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TABLE 37.—BENDING TESTS SPECIMENS STRUCTURAL NICKEL STEEL, IN. WIDE, WITH HOLES 
PUNCHED IN. AND SUB-PUNCHED IN. AND REAMED IN. DIAMETER, 


WITH IN. DIAMETER, PUNCHED-RIVETED. 


Thickness 
material, Character hole. 
inches. degrees. Inches 


Remarks. 


UNIVERSAL PLATES—HEAT 673. 


1/2 Reamed.t 13/8 2.8 Crack one side across edges not filed. 
104 (121) 2.0 both sides across edges filed. 
2.8 one side hole outward edges not filed. 
108 13/16 1.6 one side across edges filed. 
3/4 100 11/8 1.5 both sides one across. 
(96) 11/4* 1.7 both sides across and through. 
1/2 Punched.t both sides hole outward. 
65 21/8 4.8 on one across. 
oe 39 (47) 3 7/8* 5.2 “ 
1/2 Punched-riveted.t 21/8 4.3 hole outward. 
27 (34) 5 13/16* “ “ “ 


Angle and radius bend were estimated those existing when crack first started piece. 


These pieces had been stressed 000 Ib. per sq. in. before being bent. 


4 
| 
| 
q | | 
| 
| | 
| 
| | 
4 | 
| 
| 
| 
| | 
| 
| | 
| 
| | 
| 
| 
| 
J 
| 
| 
| 
| 
| 
| ine 
| 
| 
| | 
| 
| 
| 
q 
7 
q 


were round on one side where bulging was excessive. 


TABLE 38.—BENDING TESTS SPECIMENS MEDIUM CARBON STEEL, IN. WIDE, WITH HOLES PUNCHED 


AND SUB-PUNCHED IN. AND REAMED IN. DIAMETER, WITH HOLES IN. DIAMETER, 


PUNCHED-RIVETED. 


degrees. edge, 


12-In. UNIVERSAL PLATES—HEAT No. 342. 


11/16 Crack—both sides, hole—outward—edges not filed. 


edges filed. 
edges not filed. 


soso 


Punched 


13/16 


across and through. 


Angle and radius bend were estimated those existing when crack first started piece. 
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DIAMETER. ENLARGEMENT. 
Distance, 
Enlarged. center Character Remarks. 
Specified. edge, All holes punched full size. 
Actual, Per cent. inches. 
n in 


inches. inches. 


NICKEL STEEL.—12 UNIVERSAL PLATE.—HEAT No. 673. 20. 


= Cc 15/16 1 7/32 1 3/16 80 27 1 13/32 Rolled. 
G 13/16 17/32 13/16 50 46 15/8 Sheared. 
15/16 13/32 13/8 17/8 Fair-sized crack hole, die side only. 
15/16 11/82 11/2 Rolled. Four fair-sized cracks hole, die side only. 
13/16 11/2 Four large cracks hole, punch side only. 
13/16 11/4 Sheared. Crack in. long from edge plate; cracks hole. 
interior holes nickel stee] marked were drifted 3/16 in. diameter, the inside hole had one slight crack. 
CARBON 3-IN. UNIVERSAL PLATE.—HEAT 342. CDS 20. 
F 18/16 11/8 | 11/44 38 54 11/2 Rolled. 
mall cracks hole, die side only. 
interior holes carbon steel marked were drifted 3/32 in. and 1/8 in. diameter, respectively. Slight cracks, four 


number, were found on one side where bulging was excessive. 


3 
! 
| 
| 
| 
| 
| 
| 
| 
| | 
| 
| 
| 
| 
| | 
| | 
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DIAMETER. ENLARGEMENT. 


Distance, 
Enlarged. center Character Remarks. 


Specifie 
Actual, Per cent. Per inches. 
cent. 


in 
inches. inches. 


15/3 Sheared. hole edge, either side. 

338 1 7/8 Sheared. “ “ 

25 1 5/8 “ “ “ “ 

11/2 Rolled. One fair-sized crack hole, die side only. 

15/8 Sheared. cracks, 

15/16 17/8 One fair-sized crack hole, punch side only. 

15/16 11/2 Crack in. long from edge plate; cracks hole. 
15/16 11/2 Rolled. cracks. 

Three large cracks hole, punch side only. 

18/16 11/4 Sheared. Crack in. long from edge plate. cracks hole. 


18/16 
15/16 
15/16 
15/16 
13/16 
13/16 
13/16 


interior holes marked were drifted 7/32 in. diameter; the middle hole had several fine cracks. 


13/16 15/8 Sheared. cracks, hole edge, either side. 

15/16 33 338 1 7/8 Sheared. “ be 

18/16 11/2 Several small cracks hole, die side only. 

18/16 15/8 Sbeared. cracks, 

15/16 13/82 11/2 Crack in. long from edge plate; cracks hole. 
15/16 11/2 Several small cracks hole, die side only. 

18/16 11/72 Four large cracks hole, die side only. 

11/2 11/4 Sheared. Small crack edge corner only; cracks hole. 


interior marked were drifted 7/32 in. diameter; each had numerous small cracks, 
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TABLE STEEL AND CARBON 


DIAMETER. 


Enlarged. 


Specified, 


inches. 


Actual, 


inches. 


STEEL, ACCORDING SPECIFICATIONS. 


ENLARGEMENT. 
Distance, 
Actual. ole 
cent. inches. 


Character 


edge. 


Remarks. 
drilled from the solid. 


B 15/16 13/16 1 7/32 25 80 17/8 

E 13/16 11/16 11/8 83 38 15/8 ne 

H 15/16 1 13/32 111/82 50 43 17/8 = > 

15/16 118/82 11/4 Break from edge hole; other cracks. 

K 13/16 112 17/32 85 50* 1 

13/16 11/8 11/4 Sheared. Break from edge hole; other cracks. 

} 
interior holes marked were drifted 7/32 in. diameter; cracks. 

13/16 15/8 Sheared. cracks, hole edge, either side. 

18/16 7/82 15/8 Sheared. Slight crack corner edge—one side; cracks hole. 
15/16 118/82 15/16 11/2 Break from edge hole; other cracks. 

11/2 19/16 Four large ones hole, punch side; small ones, die side. 
13/16 11/2 11/2 11/4 Sheared. Crack in. long from edge plate; cracks hole. 


interior holes marked were drifted 1/4 in. diameter; cracks. 
*Through oversight, this hole was not enlarged further. 


arty 
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mar 
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ACCORDING SPECIFICATIONS. 
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Mark. 
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TABLE TESTs: STRUCTURAL NICKEL STEEL AND CARBON STEEL, HOLES DRIFTED 
CRACKING. 


DIAMETER. 


ment. 
Per 
cent. 


Character 


hole. hole 


edge, 
inches. 


Mark. 


Enlarged, 
inches. 


center 


edge. 


Remarks. 


NICKEL STEEL.—12 3-IN. UNIVERSAL PLATE.—HEAT No. 21. 


Punched 

Drilled. 
Reamed. 
Punched. 15/16 


15/16 
Drilled. 15/16 


15/16 
Reamed. 


15/16 
Punched. 15/16 


15/16 
15/16 
15/16 


CO 


Rolled. 
Interior. 
Rolled. 


Interior. 
Rolled. 
Sheared. 


CARBON STEEL.—12 3-IN. UNIVERSAL PLATE. 


11/2 
11/2 
17/8 
17/8 
17/8 
17/8 
17/8 


15/16 
15/16 
15/16 


15/8 
19/16 
28/32 
25/32 
1 13/16 
17/8 
15/8 
15/8 


Punched. 
Drilled. 
Reamed. 
Punched. 15/16 
15/16 


15/16 
Drilled. 15/16 
15/16 
15/16 
15/16 


Break—edge hole. Large crack hole, punch side only. 
Crack in. long from edge plate; cracks hole. 

Three cracks (one large) hole, punch side only. 

One large crack hole, punch side; two large cracks, die side. 
One small crack hole, die side only. 

Four large cracks hole, die side only. 

Several large cracks hole, punch side; one crack, die side. 
One large crack hole, punch side; two cracks, die side. 
Crack in. long from edge plate; cracks hole. 

Crack in. long from edge plate; cracks hole. 


HEAT No. CDS 21. 


Interior. 
Rolled. 


Interior. 
Rolled. 


Sheared. 


Crack in. long from edge plate; cracks hole. 

Crack in. from edge plate; six cracks hole, die side. 
Severa large cracks hole, die side. 

Several small cracks hole, die side. 

Small cracks hole, punch side; two Jarge cracks, die side. 

Badly cracked hole, both sides. 

Badly cracked hole, die side. 

Badly cracked hole, die side. 

Crack in. long from edge plate; cracks hole, each side. 

Crack long from edge plate; small cracks hole, punch side. 
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Papers. 


TABLE STRUCTURAL NICKEL STEEL AND CARBON STEEL, HOLES DRIFTED 


CRACKING. 
DIAMETER. 


NICKEL STEEL.—12 UNIVERSAL PLATE.—HEAT No. 114. 


Punched. 15/16 7/16 11/2 Sheared. Crack in. long from edge cracks hole. 
15/16 11/4 11/2 Break from edge hole; other cracks hole. 
Reamed. 15/16 3/4 17/8 Rolled. cracks hole, punch side; four large cracks, die side. 
Punched. 15/16 One large crack hole, each side. 

15/16 3/4 17/8 Three fair-sized cracks hole, each side. 
15/16 15/8 Four small cracks hole, punch side; two large cracks, die side. 
15/16 5/8 17/8 Rolled. Three small cracks hole, punch side; one large crack, die side. 
Reamed. 15/16 15/8 17/8 Sheared. Break from edge hole; one other small crack hole, each side. 
Punched. 15/16 17/8 Crack in. long from edge hole; other small cracks, each side. 


CARBON STEEL.—12 3-IN. UNIVERSAL PLATE.—HEAT No. CDC 114. 


4 
| 
Punched. 15/16 11/16 11/2 Sheared. Crack in. long from edge hole; one small crack hole, die side. 
15/16 11/16 11/2 Crack in. long from edge hole; cracks hole. 
O........| 15/16 17/8 Rolled. Three cracks hole, die side. 
15/16 3/16 138 Six large cracks hole, punch side, three cracks, die side. 
15/16 3/16 138 Rolled. Ten large cracks hole, die side; two cracks, punch side. 
Drilled. Interior. One large crack hole, punch side. 
Rolled. Four cracks hole, punch side; two, die side. 
U........| Reamed. 15/16 Sheared. Crack in. long from edge hole; cracks hole. 
15/16 9/16 Crack in. long from edge hole; one small crack hole, each side. 


| 
| | 
| 
| Pai 
| | 
| | 
| 
4 | : 
| 
| 
| | 
| | 
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| 
| 
| 
| 
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| 
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| 
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| 
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| 
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TABLE STRUCTURAL NICKEL STEEL AND CARBON STFEL, DRIFTED 
CRACKING. 


Papers. 


DIAMETER. 
Distance, 

=] i 


15/16 7/16 Crack in. long from edge hole; one crack hole, die side. 


NICKEL STEEL.—12 UNIVERSAL PLATE.—HEAT No. 673.—MARK 165. 

Drilled. 15/16 5/16 11/2 Sheared. Crack long from edge hole; cracks hole. 

15/16 11/82 11/2 Crack in. long from edge hole; cracks hole. 

15/16 5/8 17/8 Rolled. Two large cracks hole, punch side; three, die side. 

15/16 15/8 Fine cracks hole, punch side; six large cracks, die side. 

15/16 13/16 17/8 Rolled. Five cracks (one large) hole, punch side; two, die side. 

15/16 9/16 17/8 Two large cracks hole, punch side; cracks die side. 

15/16 11/16 Four small cracks hole, punch side; large cracks. die side. 

15/16 18/16 17/8 Rolled. Several cracks (one large) hole, punch side; one, die side. 
15/16 8/16 17/8 Sheared. Break from edge hole, two other cracks hole, punch side. 

— 


CARBON STEEL.—12 UNIVERSAL PLATE.—MARK CDS 165. 


Drilled. 15/16 17/8 100 11/2 Sheared. Crack in. iong from edge hole; one crack hole, die side. 
15/16 9/16 11/2 Crack in. long from edge hole; cracks hole. 
15/16 113 17/8 Rolled, Four large cracks hole, side; four small cracks, die side. 

15/16 113 17/8 Rolled. Seven large cracks hole, die side. 

15/16 113 17/8 Six large cracks hole, die side; one crack, punch side. 
15/16 120 17/8 Rolled. large cracks hole, die side; one small crack, punch side. 
15/16 9/16 17/8 Sheared. Crack in. long from edge hole; fine cracks hole, punch side. 
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Readings taken with Olsen’s Compression Micrometer. 


MICROMETER READINGS, 


Load. Pin No. No. 

000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
10 000 0.0035 0.0023 | 0.0019 0.0022 0.0081 0.0026 0.0029 | 0.0017 | 0.0028 
000 0.0040 0.0036 0.0042 0.0033 0.0089 0.0025 0.0040 
*25 000 0.0064 0.0047 0.0087 0.0042 0.0048 0.0044 0.0026 
*45 000 0.0086 0.0068 0.0070 0.0052 0.0056 0.0038 0.0057 
000 0.0095 0.0081 0.0061 0.0064 0.0080 0.0062 0.0063 0.0045 
*65 000 0.0099 0.0084 0.0061 | 0.0065 9.0083 0.0066 0.0065 | 0.0047 | 0.0068 


table condensed from the original. 


Interpolated values horizontal lines marked this way. 
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NICKEL STEEL FOR BRIDGES 


Readings taken ‘with Olsen’s Compression Micrometer. 
Diameter Pin Length Piece above Pin 3.80 in. 


MICROMETER READINGS, INCHES. 


Nickel Steel—Heat No. Carbon Steel—Heat No. 342. 


0.0010 
0.0018 


ooo 


000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 


table condensed from the original. 
Interpolated horizontal lines marked this way. 


Papers. 
904 [Pap 
q 
Load. 
0.0000 
0.0017 
0.0028 
0.0041 
0.0052 
0.0076 
0.0098 
0.0124 
0.0206 
0.0265 
0.0346 
0.0450 
0.1074 


NICKEL STEEL FOR BRIDGES 905 


Crrected for Yielding Pin and Supports. 
Diameter Pin Length Piece above Pin 3.80 in. 


AMOUNT COMPRESSION, INCHES. 


Load. 
Nickel Steel—Heat No. 673. Carbon No. 342. 
000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
000 0.0004 —0.0001 0.0002 
000 0.0007 0.0002 0.0000 
*15 000 0.0009 0.0001 0.0002 0.0000 0.0008 
*20 000 0.0011 0.0003 0.0005 0.0002 0.0012 
*25 000 0.0011 0.0001 0.0006 0.0008 0.0005 0.0016 
000 0.0013 0.0008 0.0007 0.0014 0.0013 
*35 000 0.0016 0.0007 0.0010 0.0025 0.0028 0.0040 
000 0.0022 0010 0.0013 0.0048 0.0055 0.0061 
*45 000 0.0026 0.6017 0.0017 0.0075 0.0088 0.0089 
000 0.0082 0.0022 0.0120 0.0133 0.0133 
*55 000 0.0089 0.0082 0.0031 0.0178 0.0194 0.0188 
000 0.0045 0.0048 0.0041 0.0252 0.0278 0.0265 
*65 000 0.0055 0.0055 0.0051 0.0348 0.0366 
000 0.0065 0.0064 0.0062 0.0463 0.0537 0.0475 
*75 000 0.0076 0.0070 0.0072 0.0710 0.0600 
000 0.0092 0.0089 0.0754 0.0901 
*85 000 0.0109 0.0100 0.0106 0.0930 0.1100 
000 0.0130 0.0120 0.0125 0.1106 0.1814 0.1184 
100 000 0.0179 0.0162 0.0172 


| 


table condensed from the original. 
Interpolated values horizontal lines marked this way. 
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TABLE Tests: River 
Readings taken with Olsen’s Compression Micrometer. 
Diameter Length Piece above Pin 3.80 in. 


MICROMETER READINGS, 
Load. 


Nickel steel—Heat No. 996. Carbon steel—Heat No. 241. 


o 


oo 


* 


* 


x 


table condensed from the original. 
Interpolated values horizontal lines marked this way. 


TABLE Tests: Rivet 


Corrected for Yielding Pin and Supports. 
Diameter Pin Length Piece above Pin 3.80 in. 


AMOUNT COMPRESSION, INCHES. 


Load 


Nickel Steel Heat No. 096. Carbon Steel Heat No. 241. 


0.0000 


* 


* 


* 


sss 


table condensed from the original. 
Interpolated values horizontal lines marked this way. 


| 
0.0000 
0.0011 
0.0061 
0.0199 0.0194 
0.0885 
7 
0.0081 
0.0148 
0.0211 0.0197 0.0187 


TABLE BEARING-ON-PINS TESTS: NICKEL STEEL AND CARBON STEEL. 


Made 100 Olsen Machine Readings Taken Olsen’s Compression Micrometer, Reading Directly 
Thousandths Inch. Diameter Length Piece above Pin 3.80 in. 


907 


inch. limit. 000 000 115 000 inches. inches. 
0.7 300 0.0021 0.0196 0.0488 1.00 1.00 1.09 1.03 0.08 
Plate Carbon, 342.... 0.750 000 0.0014 0.0210 0.0578 1.00 0.07 
0.750 0.0040 0.0067 0.0114 1.00 1,00 1,02 1.01 0.00 
Plate nickel, 0.750 300 0.0036 0.0064 0.0105 1.00 1.02 1.01 0.01 
0.750 700 0.0014 0.0034 0.0064 1.00 1.00 1.02 1.01 0.02 
Rivet carbon, 241... 9.765 400 0.0027 0.0174 0.0450 0.0950 1.02 1,02 1.04 0.05 
0.765 400 0.0039 0.0168 0.0866 1.02 1.09 0.05 
0.710 200 0.0030 0.0124 0.0214 1.01 1,04 1,01 0.01 
Rivet nickel, 0.710 000 0.0034 0.0029 0.0112 0.0214 1.02 1.08 0.01 
0.710 500 0.0050 0.0098 0.0160 0.0250 1,02 1.02 1.04 1.08 0.01 
0.750 200 0.0018 0.0062 0.0522 0.1051 1.00 1.00 1.10 1.04 0.07 
0.750 300 0.0016 0.0065 0.0109 1.00 1.00 1,02 1.01 0.01 
PERCENTAGE THAT ABOVE AVERAGE VALUES FOR NICKEL STEEL ARE CARBON STEEL. 


rs. 


7 
| 
| 
| 
| 
| 
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| 
| 
| 
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| 
| 
| 
| 
| 
| | 
| 
| 
| | 
| | 
| 
| | 
| 
. 
| 
| | 4 
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| 
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| 
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000....... 


Order 


| 


ee 


eee 


0.143 
0,150 
0.158 


eel 


Failed. 


TABLE 51.—(Continued). 
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NICKEL STEEL FOR BRIDGES 


Papers. 


Load, pounds 
square inch. 


NICKEL STEEL. 


Iron Company. 


=> 


CARBON STEEL. 


Temporary shortening, 
inches, 


Permanent set, inches. 


shortening, 
inches, 


Permanent set, inches. 


No.3. 


0.030 


. 
. 


ane 


0.095 


| 


| | 

| 


TABLE 51.—(Continued) 


No. 


0.125 


0.150 


le 


0.020 


0.068 


0.095 


0.140 


0.060 


0.100 


0,020 


0.095 Failed. 


0.050 


Failed. 


. . eee 
. ee ~ } 


TABLE 52.—( Continued). 


5 | 0.426 | 


No. 1—Camber load, 0.20 in. up. 
500 per sq. in., 0.00 in. 
failure, 1.50 in. down. 

record. 

failure, 2.25 in. down. 


Carbon-steel strut No. 1—-Camber failure, 2.25 in. down. 
Compressometer was dislodged twice during the test the bending upward the the readings, 


therefore, are omitted from the table. 
load, 0.34 in. up. 
900 per sq. 0.37 in. up. 
failure, 2.60 in. up. 
load, 0.14 in. up. 
200 per sq. in., 0.18 in. up. 
failure, 0.64 in. down, 


(=) 


910 [Papers. 

A ee q | 
| 
| | | 
| | 


911 


NICKEL STEEL FOR BRIDGES 


Made 160 000-lb. Hydraulic Testing 


MEDIUM CARBON STEEL. 


STRUCTURAL NICKEL 


STEEL 


Machine, Iron Co. 


AND 


Load, pounds per 
square inch. 


600. 
500. 


600. 


000. 


Temporary shortening, 


inches. 


NICKEL STEEL. 


Permanent set, inches. 


CARBON STEEL. 


No. 


No. 


| 


No. 


0,185 
0.195 


0.358 


0.400 


0.430 


0,235 


| 


Temporary shortening, 
inches. 


inches. 


No. No. 


Permanent set, 


No. 


0.117 


0.144 


0.095 0.122 


0.147 
0,128 


0.000 


0.000 


. 
. 


0.248 


0.000 


0.015 


0.388 
0,895 
0.415 


0.270 


0.298 
0.315 
0.318 
0.328 
0.345 
0.373 
0.398 
0.400 


0.001 


— 


TABLE 52.—(Continued). 


0.041 


Failed. 


LENGTH, LOAD, PERCENT- 


FEET, BACK DIMENSIONS AGE 


IN: 


FRACTURE. 


imensions. 


hes. 


Original 
sions, 


Original 
Dimen- 
sions. 


hes. 
hes. 


ize, ine 


hes. 
Elongated. Diam- 


Section, 
inches. 


in Inc 


hes. 
Excess, per cent. 
Ultimate 
strength. 
Character. 


Elastic ratio, per cent. 


Gauge length, feet. 


Original 
Area, square inches. 


Area, 
square inches. 
Yield point. 


eter, 
Reduction area. per cent. 


Before fracture. 
After fracture. 


eter, 


ine 
Elongated. Diam- 


inches. 
inches. 
Diameter, 


ine 


Diameter, 


Dn 
S 
=) 
[<2] 


| 


| 


15% fine crystalline, 
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MANENT SET. 


| | 
bar, IN. IN. IN. bar, IN. 
pounds pounds 
square square 
inch. Set. Set. Set. inch. Set. 
| | | 
8 400 0.047 0.000 0.063 | 0.000 |. canes 0.000 
16 800 0.100 0.000 0.144 0.000 | ...., | 0.000 17 v00 0.094 0.000 
600 0.222 0.000 0.231 0.000 0.231 0.000 84000 0.206 0.000 
45 300 0,300 0.002 0.325 0.000 0.313 0.000 45 900 0.288 | 0.006 
47 000 0.313 0.003 0.388 0.006 0.325 0.006 47 600 0.303 0.009 
47 800 0.313 0.605 0.350 0.013 0.331 0.009 48 500 0.313 0.011 
48 700 0.322 | 0.006 0.363 0.019 0.338 0.016 49 300 0.319 0.013 
500 0.325 0.008 0.363 0.022 0.350 0.025 200 0.325 0.013 
300 0.009 0.369 0.023 0.363 0.028 0.014 
51 200 0.341 0.009 0.375 0.023 0.363 0.081 51 900 0.338 0.016 
52 000 0.347 0.009 0.394 0.025 0.875 0.034 52 700 0.350 0.019 
900 0.356 0.009 0.400 0.027 0.375 0.038 600 0.363 0.020 
58 700 0.363 0.009 0.406 0.028 0.388 0.041 54 400 0.369 ceah 
54 500 0.369 0.009 0.406 0.031 0.394 0.044 55 300 0.381 0.023 
400 0.009 0.419 0.034 0.050 100 0.394 0.027 
| (0.419) 
700 0.413 0.019 0.450 0.450 0.338 
peeling 
Ultimate 
000 101 200 100 300 
Order 


The stretch and set were measured length ft.; they are expressed 
decimals inch. 
The first readings for Bars and were discarded because the pointer the 


did not assume permanent zero until after load had been 
applied. 


= 
| 
| 
q 
+ 
‘tes 


TABLE 55. 


STEEL—STRETCH AND PERMANENT 


2-1n. BAR. 


BAR. 
B2, AREA 16,24 IN. 


| 


Load 
bar, 
pounds 
per 


Bar. 


BAR 


AREA 


82.40 IN. 


square 


square 
inth. 


Stretch. Set. inch. Stretch. Set. Stretch. Set. Stretch. 


S: 


oo 


peeling 
0.422 


= 


300 
900 
400 
000 


. 


peeling 


0.344 


900 


Ultimate 
Order 


The stretch and set were measured length B1, B2,and B8, and for B4; they are expressed decimals inch. 

The pointer the extensometer did not assume permanent zero upon the removal the load until after load 475000 had been put 
the bars the first readings, therefore, were discarded. 

The first three readings for the 16-in. bar were discarded, for the same reason. 
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TABLE 56.—Comparison TENSILE TESTS SPECIMENS AND 


Per Per 


Yield cent. 


Bars. 


Remarks. 


nm 
SPECIMEN TESTS. 
| 
Mark. 


4 
4 
| 
| 
| 
| 
| 
| 
| 
| 
| 
— | 
| 
| 
| 
| 
| | 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
q 
q 
7 
1 
. 


916 NICKEL STEEL FOR BRIDGES 


ORIGINAL. 
rom: 
Section, 
square 
inches. inches 


0.722 

Diameter 0.962 0.727 

sg 1.255 by 0.985 1,236 
1.250 0.995 1.244 
1.265 0.985 1.246 
1.255 0.995 1.249 
0.755 1.980 1.495 
0.755 1,975 1.491 
0.750 ** 1.990 1.493 
0.765 1.985 1.518 
0.740 1.985 1.469 
0.760 1.985 1.509 
0.765 1.980 1.515 
2-in. 0.760 2.080 1.543 
0.760 2.025 1.589 


Fractured 
section, 
inches. 


INCH. 


Diameter 0.655 
Diameter 0.7 


0.905 


on 


35 


Or 
33 
Sask 


Yield Ultimate 
point. strength. 


104 300 

400 102 800 
102 400 
600 
600 101 300 

200 700 

900 104 500 

700 800 
600 700 
500 500 

700 800 

000 600 
900 900 
000 800 
700 101 800 

600 900 

103 500 

000 100 

400 400 

700 300 


500 103 100 
200 102 700 


Pieces out from Bar, were turned tol in. diameter and used for 
1-in. Bars B2, and and piece were tested 


2-in. and 2-in. bars, except TSLEB32, were tested 
Autographic curves are yield point. 


Broke in. from end gauge mark. 


q 


Eye-Bar 
2-IN. 
and 8-in. bars—Heat No. 749; 


Elastic ratio. 
Per cent. 


| 
54.9 
61.8 
55.9 
54.5 
52.8 
62.4 
54.5 
58.3 
| 0 
8 
9 
8 
9 
3 
| 


Papers. 
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16-in. bars—Heat No. 673. 


PERCENTAGE 


| 


Coefficient Elasticity determination. 
150 Riehle machine Riehle Bros. Co. 
209 Olsen machine Drexel Institute. 


SPEED BREAKING. 


break. 


2min. 


“ 


2min. 


Location 
specimen. 


Edge. 
Middle. 
Edge. 


Remarks. 


Original. 
Annealed. 
Original. 
Original. 
Annealed. 
Original. 
Annealed. 
Original. 
Annealed. 
Original. 
Annealed. 
Original. 
Annealed. 
Original. 
Annealed. 
Original. 
Annealed. 
Original. 
Annealed. 
Original. 
Annealed. 
Original. 
Annealed. 


| 
|| 
| 
5 
All 
be’ 
half 
tween 
edge 
and 
: 
middle 
bar. 
Middle. 
Edge. 
Middle. 
Edge. 
Middle. 
7 


vo 
— 
nl 
Tests Made Hydraulic Bending Machine, Pencoyd, Pa. 
Cut from Heat bend, from inside edge, Remarks. 
eye-bar: treatment. degrees. inches. 
1-in. Original. 191 15/18 0.9 13/16 cracks. 
Annealed. 190 15/16 0.9 18/16 Skin broken. 
Original. 192 15/16 0.9 Crack in. long, another in. long. 
Annealed. 191 1.0 11/4 Skin broken. 
Original. 191 1/16 1.1 13/8 Three small cracks. 
Annealed. 188 13/16 0.8 cracks. 
Original. 194 11/4 11/2 One crack. 
Annealed. 190 15/16 0.9 13/16 cracks. 

Original. 173 1.0 21/8 
Annealed. 171 0.9 17/8 

Annealed. 15/8 0.8 One slight crack corner only. 

2-in. Original. 25/8 1.3 21/2 cracks, 


| 
| 
| 
| 
j 


material. 
and 8-in. bars were rolled from Heat No. 749; 16-in. bars from Heat No, 673, 
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Papers. 


(PART 


APPENDIX 


TABLE ANALYSES AND Test 


ANNEALED. 


CHEMICAL ANALYSIS. 


5 


Se 


Mn. 


6 
4 
010 
010) 
016 


ROO rt 


No. 
16 313 | 0.43 | 0 0 0 3.28 | ) Retr s,: 

0 0 0 3.46 

0 0 | 3.26 
0 0 8.32 2 
3.34 
3.36 


CHEMICAL ANALYSIS. 


Ni. 


limit. 


Elastic 


=> 


i 


= 


ce 


® 


. 


= 


NICKEL STEEL FOR BRIDGES 


TABLE 59.—(Continued). 


Papers. 


UNANNEALED. 


Ultimate 
strength. 


GO 


Reduction. 


113 100 16.2 200 


102 906 


108 000 
105 400 
101 000 


= 


wry 
om 


ANNEALED. 


Ultimate 
strength. 


220 


060 


108 
108 


23.2 


101 22.2 


22. 


21. 


= 


| 


Reduction. 


= 


S> 


Om 


920 
548 800 180 
16 309 57 500} 54 080 1 
= | 58 700 1 
358 0.010 400 


Papers. 
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NICKEL STEEL FOR BRIDGES 921 


(PART 


WELL’s 


Heat No. 


Section. 


pos 


am 


~ 


ors 


DP 


1/16 


Percentage 
nickel 


ww 


os 


Reduction area. 
Percentage 


eS 


Character fracture. 


stalline. Broke head. 
Silky. 
95% silky. 
Cup. 65% silky. 
Crystalline. Broke head. 
Crystalline. Broke head. 
60% and 40% silky. 
Broke head. 
Silky; irregular. 
Cu 


Irreg. silky and fine granular. 
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FORESTS AND RESERVOIRS 
THEIR RELATION STREAM FLOW 
WITH PARTICULAR REFERENCE NAVIGABLE 
RIVERS. 


The following paper presented this time with the purpose 
eliciting from the Society membership the results observation and 
experience touching the important matters which treats. They 
are vital features one the chief living questions before the 
public to-day, and expression views men accustomed look 
things from practical standpoint cannot fail great value 
our legislators upon whom the. ultimate responsibility for action 
must rest. 

While the author’s views traverse, some extent, currently 
accepted theories, they are based upon long observation and study and 
are what seem unavoidable conclusions therefrom; but com- 
mitted theory, such, and his mind entirely open convic- 
tion upon any point which his opinions may shown errone- 


*Lieut.-Col., Corps Engineers, Army. 

papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and may 
sent mail the Secretary. Discussion, either oral written, will published 
subsequent number Proceedings, and. when finally closed, the paper, with 
discussion full, will published Transactions. 
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ous. His sympathies are wholly the side the present movement 


for the conservation our natural resources, and, far this paper 
takes issue with certain tendencies that movement, only for 
the purpose inquiring whether such tendencies are not really inim- 
ical the cause which they pertain. 

With this preliminary statement, the author will take the first 
part his paper, viz., the influence forests upon stream flow. 


Forests AND STREAM 


The commonly accepted opinion that forests have beneficial 
influence stream flow: 

(1) storing the waters from rain and melting snow the bed 
humus that develops under forest cover, preventing their rapid 
rush the streams and paying them out gradually afterward, thus 
acting true reservoirs equalizing the run-off. 

(2) retarding the snow-melting the spring and prolonging the 
run-off from that source. 

(3) increasing precipitation. 

(4) preventing erosion the soil steep slopes and thereby 
protecting watercourses, canals, reservoirs and similar works from 
accumulations silt. 

There are many subsidiary influences, but, broadly stated, the above 
propositions cover the ground. They were first given general currency 
nearly forty years ago through the writings Sir Gustav Wex, Chief 
Engineer the Improvement the Danube, whose treatise was trans- 
lated into English the late General Weitzel, the Corps 
Engineers. Wex’s theories were stoutly resisted the time many 
European engineers and still find only limited acceptance the 
profession;* though the popular mind they have gained ground and 
the United States are now accepted practically without question. 

establish definite proof the truth falsity these propo- 
sitions extremely. difficult task. One would not think so, indeed, 
judge from the cheerful confidence with which the popular thought 
accepts them; but nevertheless so. The elements the problem 
are many and conflicting, the necessary evidence hard get, 
and comparative records are such date, that precise demon- 


*Almost simultaneously with the publication Wex’s treatise, similar work 


was published France Vallée taking exactly the opposite view the 
question. 


| 
hey 
q 
alu 
tion 
q 
and 
q 
ssion. 
lished 
with 


926 FORESTS, RESERVOIRS, AND STREAM FLOW [Papers. 


stration scarcely possible. The popular belief based upon 
fact and assumption forming together basis for conclusion. 
The fact that forests the eastern portion the United States have 
disappeared large extent within the past century. The assump- 
tion that floods and low waters the same region are more fre- 
quent and severe than before the forests were cleared away. The 
conclusion that these assumed conditions must due the dis- 
appearance the forests. Post hoc, ergo propter hoc the argumenta- 
tive process relied and little effort made consider whether 
there may not some other and more satisfactory explanation. The 
author will attempt analyze the problem from theoretical stand- 
point and will then cite existing records far these are sufficiently 
long-continued worth anything. will consider, first, the effect 
the forests where stream flow results from rain alone, and, next, 
where results part from melting snow. 

Effect Forests upon the Run-Off from first 
the above propositions—the retentive action the forest bed—may 
accepted once strictly true for average conditions. not 
true for extreme conditions—great floods and excessive low waters— 
the conditions that determine the character and cost river control. 
Consider inclined-plane surface, practically impervious water, 
with layer sand covering some small portion it, and let uni- 
form spray water applied the entire surface. Assume that 
the temperature and rate evaporation are relatively low. soon 
the spray begins, water commences flow from the uncovered 
surface, but not for time from that covered the sand. After 
while begins trickle from the sand, increasing volume until the 
sand thoroughly saturated, after which flows off great quan- 
tity per unit area from the uncovered portion. the spray 
stopped, the water immediately flow from the uncovered area, 
but continues diminishing quantity from the covered area until 
finally ceases altogether; but not all the water that fell this area 
has run away. The sand has retained some portion and given 
off evaporation, that the total run-off per unit area 
somewhat less than the uncovered portion. the shower 
continued and the evaporation very low, the difference 
total run-off per unit area from the two surfaces will very slight. 

Suppose now that the temperature and rate evaporation are high 
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and that the spray works intermittently. the showers are small 
volume and the intervals between them long, the sand may retain 
nearly quite all the individual showers and give them off 
evaporation, that there will run-off whatever. 

Between these two extreme conditions, the covered area will exert 
greater smaller regulative effect upon the run-off. The retentive 
power the sand will less the slope the surface upon which 
rests increases, will greatest when the surface nearly 
horizontal and least when nearly vertical.* 

Now Nature this ideal illustration never fully exemplified 
the cleared land and the forest. There nearly everywhere marked 
retentive capacity the bare soil. newly plowed ground 
probably greater than the forest. Moreover, certain crops, like 
heavy grass grain, obstruct the flow water almost much the 
forest cover. the other hand, the furrows cultivated fields, 
drainage ditches, roads and, particularly, the pavements and roofs 
towns, greatly accelerate the run-off; that, while the full contrast 
the ideal example does not exist Nature, the principle the 
illustration applies perfectly. That is, there are times when the per- 
centage retention the forest bed and there are other times 
when 100; or, there are times when much water comes that 
the forest bed can hold none and there are times when little 
comes that holds all. Between these extremes there are periods 
when holds more less and gives less more and exercises 


*Since the above was written the author has noticed, the report the hear- 
ing House Resolution 208 before the Committee the Judiciary, that Gifford 
Pinchot, Assoc. Am. Soc..C. E., Chief the Forest Service, used illustration very 
similar that given above, except that failed carry its logical conclu- 
sion. Addressing the Committee, February 27th, 1908, said: have 
hand here photograph denuded hillside. After the forest has been removed 
rain falls that hillside and runs off rapidly, the water drop upon the photo- 
graph does now, and disappears instantly (illustrating). If, the other hand, 
place forest cover the hillside, that exactly analogous texture and effect 
with this piece blotting paper, and drop the water slowly upon it, would find 
that, instead running off slowly the bottom, the water held (illustrating 
blotting paper). Part runs off, but, soon the absorbent quality the 
paper the forest floor has time take effect, the water kept and drips grad- 
ually for considerable length time off the hill into the stream. This exact 
the way which the forest controls the stream flow that hill- 
side.”’ 

Mr. Pinchot should have completed his illustration. should have continued 
sprinkle the paper long enough and heavily enough have saturated the paper 
completely order show that the water would then flow from the paper 
from the uncovered area; and should then have explained that this 
condition represents what always happens the forest times great flood. 
Then should have sprinkled the paper intermittently small quantities, and 
such long intervals that the warm air the room would evaporate all the ab- 
sorbed water, and that none whatever would flow away. should then have ex- 


that this condition represents what always takes place the forest times 
great drought. 


| 
4 
| 
ol. 
er, 
ni- 
nat 
red - 
1 
area 
iven 7 | 
A 1S 


928 FORESTS, RESERVOIRS, AND STREAM FLOW 


corresponding influence upon the run-off. There another important 
condition not exemplified the illustration, and that that the forest 
areas are scattered everywhere, the ground has infinite variety 
slope, the showers never fall uniformly over entire water-shed, 
and the final result the total run-off the summation thousands 
tributary results. 

true, therefore, popularly understood, that, periods 
ordinary rainfall with sufficient intervals for the forest bed dry 
out somewhat, forests exert regulative effect upon run-off. They 
modify freshets and torrents and prolong the run-off after storms 
have passed, and thus realize greater less perfection the com- 
monly accepted theory. 


This result utterly fails, however, those periods long-con- 
tinued, widespread and heavy precipitation, which alone cause great 
floods the large rivers. such times the forest bed becomes com- 
pletely saturated, its storage capacity exhausted, and has more 
power restrain floods than the open country itself. Moreover, the 
fact that the forest bed has retained portion earlier rainfall and 
yielding later the streams, produces condition that may 


worse than would country cleared forests. great 
floods large rivers are always, well known, the result com- 
binations from the various tributaries. when the floods from these 
tributaries arrive simultaneously common point that calamitous 
results follow. Any cause which facilitates such combinations is, 
therefore, source danger. Now, unquestionably, 
wooded water-shed, forests have tendency this direction. When 
period heavy storms occurs, spreading over great area, continu- 
ally increasing intensity, the forests, retaining some portion 
the earlier showers and paying them out afterward, produce gen- 
eral high condition the river which may greatly aggravate sudden 
flood arising later from some portion the water-shed. That the for- 
est does promote tributary combinations, there would seem 
question, and that may therefore aggravate flood conditions neces- 
sarily follows. not contended that this increase ever very great, 
but contended that forests never diminish great floods and that 
they probably increase them somewhat. The forests are virtually 
automatic reservoirs, not subject intelligent control, and act just 
the system reservoirs once proposed the French Government 
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for the control floods the River Rhone would have acted, built. 
These reservoirs were have open outlets, not capable being 
closed, which were intended restrain only portion the flow. 
careful study their operation certain recorded floods showed that 
they would actually have produced combinations more dangerous than 
would have occurred without them. 

Consider now periods extreme drought and grant that, gen- 
eral rule, springs and little streams dry more completely than when 
forests covered the country, although this difference very greatly 
exaggerated the popular mind.* first thought one would con- 
clude that, since the springs and streams make the rivers, these 
also ought now show smaller low-water flow than formerly. This, 
however, not the case. The difference between the former low-water 
flow spring rivulet and what now relatively insig- 
nificant quantity. Most such water sources yield but small frac- 
tion foot per second. Whether these small quantities are 
trifle more less cuts very little figure the aggregate; and 
counts but little the flow great river whether some its 
extreme sources lose portion volume that already inappre- 
When the summer showers come, however, there marked 
difference. such times the forests not only hold the water back— 
they often swallow completely. Small showers make per- 
ceptible run-off the open are often practically all absorbed the 
leaves the trees. Heavier showers, that make freshets the open, 
are largely absorbed the leaves and forest bed and pass off evap- 
oration; that, contrary the general view, the evaporation from 
the forest greater such times than the open country and the 
run-off from summer precipitation less. single shower may pro- 
duce sufficiently greater run-off deforested area more than 
offset the diminished low-water flow for several Now most 
the smaller streams.quantity flow more important matter than 


particular the drainage low swamp lands leads off into the streams, dry 
weather, waters that formerly remained passed off evaporation, and such 
cases even the low-water flow greater than used be. 1895 the author 
saw example this the Scioto River near the outlet the great Scioto 
swamp which had recently been drained. small mill was able operate during 
the low-water season more regularly than formerly. Tile drainage, now widely 
used, has the same tendency. 


far the author aware, Colonel Roberts, Pittsburg, Pa., was 
the first call attention this characteristic stream flow. 
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natural uniformity flow, particularly the summer time. The day 
the small mill, which was dependent upon such uniformity, 
past. The modern water power invariably seeks uniformity artificial 
regulation, and the ups and downs its sources supply are abolished 
its storage. Therefore does not matter nearly much that the 
run-off the small streams uniform that yield good flow 
water; and forests diminish the total low-water supply, this fact 
more than offsets the gain uniformity. Likewise the great rivers 
swallow and equalize the small irregularities their head-waters 
and actually experience somewhat larger low-water flow than their 
water-sheds were still thickly forested. Thus, while forests may 
decrease somewhat the extreme range between maximum and min- 
imum run-off very small water-sheds, they not great 
ones, which are combinations very small ones. the same time 
seems certain that forests decrease somewhat the total run-off from 
water-sheds small great.* 

Influence Forests upon second proposition 
—that forests have beneficial effect upon the run-off from snow-melt- 
ing—is quite firmly fixed the popular belief that just con- 
sidered, but has even less foundation fact. relation that 
definitely traced, and can demonstrated that the effect 
forests upon the run-off from snow invariably increase its inten- 
sity. This results from two causes, one affecting the falling the 
snow and the other its melting. 

the first place, forests break the wind, prevent the formation 
drifts, and distribute the snow even blanket over the ground. 
the open country, the snow largely heaped into drifts, their size 
depending upon the configuration the ground, the presence wind 
breaks, and the prevalence and force the wind. These drifts form 
admirable reservoirs and the high mountains are the most perfect 
known. Forests prevent their formation entirely. 

The period snow-melting begins the open country much earlier 
than the forests. first the melting due mainly the direct 


*This subject was ably discussed Mr. Raphael Zon, the Forest Service, 
Department Agriculture, Transactions, Am. Soc. E., Vol. LIX, pp. 494-495. 
states among other things that “the quantity water available for stream flow 
from forested water-sheds, all other conditions being equal, from non- 
forested that ‘‘the forest soil receives least precipitation, next comes 
meadow land. and lastly tilled land’’; that “in the forest, only the upper layer 


the soil moister than the open, the lower layers being always This 
discussion well worth perusal. 
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action the sun’s rays before there sufficient warmth the general 
atmosphere produce any effect. The thinly covered areas melt off 
first and the streams experience diurnal rise and fall following the 
warmth day and the frost night. Nothing like flood ever arises 
from such melting. 

Under forest cover this action interfered with more less, 
depending upon the density the shade. Even after the ground 
the open entirely bare, except under the drifts, the forest areas may 
still covered with unbroken layer snow. generally, 
though erroneously, considered that this delay beneficial, carrying 
farther into the summer the release the winter precipitation and 
giving more time soak into the ground; but fact this benefit does 
not result. The water from the first melting the snow blanket does. 
not sink into the ground but into itself. like sponge. 
panful will shrink one-fourth its volume, less, before any free 
water appears. The author has seen 8-ft. covering snow dwindle 
ft., with the ground beneath still comparatively dry. 

The forest shade thus holds the snow, which gradually becomes 
saturated from its own melting, until the heat and warm rains late 
spring early summer arrive, the soft air everywhere pervading the 
forest depths and finding maximum exposure surface the melt- 
ing influences. cubie yard snow which great drift might 
stand ft. deep with square foot exposure, may here lie with 
depth ft. and sq. ft. exposure. The result that when the 
final melting begins the whole body snow disappears very rapidly, 
rushing from every direction into the streams, swelling them their 
limit and often causing disastrous freshets. The active melting lasts 
but short time, and there little opportunity for the water soak 
into the ground. The delay melting, caused the forest shade, has 
simply operated concentrate into shorter period and increase the 
intensity the resulting freshet. comes fast that the greater 
portion cannot utilized the time and lost altogether 
unless intercepted reservoirs. 

the open country, the other hand, the drifts last for weeks 
after the snow has entirely disappeared from the forest, and continue 
yield supply water far into the summer. The period active 
melting the open may have lasted four months, that the forest 
scarcely many weeks. Fig. illustrates, general way, the 
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processes just described. These curves apply more particularly the 
forests the Rocky Mountains, where the author has had exceptional 
opportunities fur studying their action. the northwest corner 
Wyoming and contiguous portions the adjoining States, lies 
elevated region probably 20000 sq. miles, which the source 
nearly all the great river systems the West. very remark- 
able region this respect. Its average altitude about 7500 ft., 
and large part covered with dense evergreen forest. the 
very summit this elevated region that singular section now visited 
annually thousands tourists—the Yellowstone Park. The open- 
ing ‘the tourist season spring occurs just about the time 
active snow-melting, and the most onerous and difficult task those 
charge the road system the Park get the roads into 


GRAPHIC ILLUSTRATION SNOW MELTING FORESTS AND OPEN COUNTRY, 
ROCKY MOUNTAIN REGION, 


Fie. 


tion for the first travel. This frequently has done while the 
snow still lies deep the ground. was the repeated execution this 
task that first drew the author’s attention the fact that, general 
rule, the floods this region are forest floods, and that the same condi- 
tions precipitation which force the forest streams out their 
banks produce only moderate effects the open. The traditional 
“June rise” comes mainly from the mountain forests. 

The photographs presented herewith were taken about the middle 
June year heavy snowfall and only two days before the 
tourist season opened. Plate CVII, Fig. shows east and west 
road through dense forest lodge-pole pine altitude 200 ft. 
shows very effectively the deep, even blanket snow everywhere 
covering the ground, except along narrow strip the roots the 
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trees the north side the road, where the sun had access through 
the opening the tree-tops caused the 30-ft. clearing for the road- 
way. Plate CVII, Fig. taken practically the same time, shows 
one the great drifts the open country, which was impossible 
avoid locating the road. 

this time period very warm weather had set with fre- 
quent rains. Severe floods followed which did great injury the 
roads and bridges, not only the mountains, but for considerable 
distance below. Within two weeks the snow had practically disap- 
peared the forests, but the open country the drifts, like that 
the photograph, continued until the middle July, giving forth 
continuous supply water. 

most illuminating article, and one which every one interested 
the subject should read, was published Science for April 10th, 
1896. gives the results observations the mountains Nevada 
for over years, during which “extensive tracts timber” were cut 
off “to the very ground,” and new growths had been well started. 
was found that springs, which were active after the land was cleared, 
dried when the new forest growth developed; “that the water supply 
from the mountains greater and more permanent now than was 
before the timber was cut that freshets were more “frequent 
violent than before the trees were cut off,” and that “spring floods 
were less frequent.” greatly increased loss due evaporation 
the forest was pointed out. This results partly from the vast extent 
surface the ground exposed the air and partly from exposure 
the leaves and branches the trees. 

“The foliage this class trees being heavy winter 
summer, the branches catch immense amount the falling snow 
and hold mid-air for both sun and air work upon; and only 
those who have had experience the absorbing power the dry 
mountain air can form any idea the loss from that source.” 
over “the trees absorb from the soil quite much water would 
evaporated the action the sun the absence the shade.” 

The writer states that 
strongest force work save our rivers the drifting winds 
which heap the snow great banks; and this the trees are con- 


stant obstacle.” declares that “close observers, after long years 
study, have been led believe that there any difference the 
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flow streams and the size springs before and after the trees are 
cut from above them, the balance the favor the open 

the current literature upon this subject one invariably encoun- 
ters the same fallacious assumption, that because the forests delay 
melting their action therefore beneficial. The fact entirely over- 
looked that delay means concentration and greater intensity run-off, 
while the open country prolongs the melting and gives more even 
distribution. the true action forests this respect, however, 
rarely recognized writers, recognized, though perhaps 
unconsciously, those who are benefitted it. The monthly reports 
the Weather Bureau the Rocky Mountain region are instructive 
reading this connection. The following are few extracts from 
those sent the Central Office the Western Montana district 
Helena: 

“Where there timber break the force the winds solid 
drifts considerable depth have “The snowfall 
has been very light and the drifts are not large solid enough fur- 
nish adequate flow water the streams.” “In some 
sections the winter’s snowfall has been the lightest for many years, and 
there little likelihood that the later snows will form solid drifts, 


practically certain that the flow water most streams will 
inadequate for irrigation and mining purposes.” 


These extracts, which could multiplied indefinitely, show how 
well the practical ranchman understands the value snow-drifts. 
has always been mystery the author that writers will persist 
statements like the following which appears one the ablest 
addresses the recent Conservation Conference Washington: 
“The possibility irrigation depends largely the preservation 
the forest cover the mountains, which catches and holds the melt- 
ing snows, and thus forms the great storage reservoirs nature.” 

The forests destroy the reservoirs and the flow would more uni- 
form, prolonged and plentiful, they were not there. 

will doubtless urged that while the foregoing conclusions may 
hold for elevated and densely wooded region, they will not hold 


*The author recalls only single other writer who has set forth this matter 
accordance with the facts, and that was anonymous correspondent recent 
issue the Pacific Sportsman. His view the case summarized rather terse 
language follows: “Trees the mountains make floods the spring.” 
“Snow the timber melts too fast. The timber keeps from 
“The agency which maintains the river the snow the huge drifts.” 
(the drift) your reservoir that feeds the living streams summer 

timber has nothing with the water supply but result 
water supply.” 
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for lower altitude, warmer climate and different kind forest. 
reply may said that proportion the conditions described pre- 
vail, they apply everywhere. deciduous forests where the foliage 
absent during seasons snowfall and melting, the winds have 
greater play winter and the sunlight spring and there is, 
course, less difference between the forests and the open country; but 
while the difference less not obliterated altogether, and hilly 
regions, like the Adirondacks and the White Mountains, exists 
full The author very familiar with the region Western 
New York—having been reared farm nearly the divide between 
the waters the Ohio and Lake beautifully wooded country, 
deciduous growths prevailing, and one the snowiest regions the 
United States. While there less drifting the open and more 
the woods than high mountains, strictly true that the 
open-country drifts outlast the forest snows just the latter outlast 
the thin snows the open. 

striking example the action forests snow-melting may 
seen the mountains the Coast. Here are the densest forests 
the world, the deepest beds humus, and the most perfect reservoir 
effect long action. Yet this very region, particularly 
around Puget Sound, are found some the most torrential 
streams the country. This fact largely due the distribution 
snowfall caused the forests. Conditions like the following are con- 
stantly developing. Heavy snow storms sweep over the forest-covered 
mountains. The snow cannot drift, for the dense woods break the 
wind. great deal does not reach the ground all, but hangs 
the branches and undergrowth all the way from the highest tree 
tops down. This covering often dense prevent cruising oper- 
ations altogether, because the cruisers cannot see the timber through 
the impenetrable screen snow. 18-in. fall, perhaps in. 
the trees and the rest spread evenly the ground. show what 
now happens, let illustration drawn from the opposite process 
drying clothes. When the housewife has finished her washing and 
wishes dry the clothes, she does not set them out basket, where 
would take weeks for them dry, but spreads them upon the ground 
hangs them line, that the sun and air can reach them all 
sides. these forests increase, thousand-fold, the exposed area 
the snow over what would heaped Nature’s clothes 
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baskets (the great drifts), and give the maximum possible exposure 
the melting influences whenever these shall arrive. general 
rule these snow storms are followed warm southerly winds and 
rains—the rains frequently heavy themselves—and rain and snow 
join hands, two storms one, and rush down the ocean tremen- 
dous freshets and floods. The Skagit River, the largest Washing- 
ton except the Columbia, and very considerable stream, has been 
known rise ft. per hour for hours, and this where the stream 
has fall ft. the mile and carries off its floods very rapidly. 
Plate CX, Fig. taken another stream with only 480 sq. miles 
water-shed above it, shows the terrific power these streams that come 
down from the most densely wooded and perfectly protected water- 
shed existence. The great flood 1906 this section, was per- 
fect demonstration, not only the vast intensifying effect forests 
upon floods due snow-melting, but the utter helplessness the 
forest bed, when saturated with long rains, restrain floods. 

The same effect was very manifest the great flood 1907 
the valley the Sacramento River, California. The tributaries the 
east side come down from the densely wooded slopes the Sierras; 
those the west side from the bare sparsely wooded slopes the 
Coast Range. the forest theory true, these smooth western slopes 
should send down greater flow for the same precipitation than the 
eastern slope. Exactly the reverse seems have been the case. For 
the period, March 17th-26th, the precipitation the Puta Creek water- 
shed, the west side (805 sq. miles), averaged 22.7 in. The maximum 
resulting run-off per second per square mile for one day was 39.1 cu. ft. 
Directly across the valley the Sierra slope, the precipitation the 
American River water-shed (2000 sq. miles), averaged 14.6 in. for the 
same period, and the maximum daily discharge was 48.7 cu. ft. per sec. 
per sq. mile. Considering the fact that unit run-off for the same condi- 
tions always less, the greater the water-shed, this result quite 
remarkable. undoubtedly due the action the Sierra forests 
snow-melting and again illustrates the inability forests exer- 
cise any restraining influence upon great floods.* 


*In the paper, “The Flood March, 1907, the Sacramento and San Joaquin 
River Basins, California,” Messrs. Clapp, Murphy and Martin, published 
Proceedings, Am. Soc. for February, 1908, the authors say, “In the Sierras 
the greater part the precipitation normally the form snow, and the mag- 
nitude floods depends largely the rate melting. heavy warm rain 
deep, freshly fallen snow produces maximum run-off.” 
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During the spring 1908 occurred record-breaking flood 
Western Montana, nearly all the streams both sides the Con- 
tinental Divide going far over their banks. might have been 
predicted, this occurrence was promptly cited another example 
the effect that forest-barren country has upon floods. Nevertheless 
certain anything this kind can be, that the country 
this extraordinary downpour (in some places breaking all 
previous records) had been thickly forested, and the ground still 
covered, would have been, with solid layer saturated snow, 
the flood would have far exceeded magnitude and destructiveness 
that which actually place. Wherever forests existed the 
higher altitudes they did have this effect.* 

Having now considered the influence forests upon stream flow 
from theoretical standpoint, let the records themselves examined 
far they are available. These records the United States, 
unfortunately, are not useful might wished, because their 
brevity. continuous records any our streams run back for 
more than eighty years, and most them less than half far. This 
far short the 200 years considered certain European engineers 
who investigated Wex’s theories the minimum period “necessary 
order draw reliable conclusion” upon this subject. does 
indeed seem absurd take present-day records, constantly done, 
and draw conclusions one way the other comparisons with 
the past, which records are entirely wanting; but such they are, 
few these records are given Table They include most 
cases both high and low water, although the low-water records cannot, 
the nature the case, very much value. Works channel 
improvement most the streams have probably affected some- 
what the low-water stages for the same discharge, while, well 
known, given stage, even natural stream, does not mean the 
same discharge different really the discharge the 
streams rather than the stage that forms the correct basis for com- 
parison; but data for discharge are almost wholly wanting. 

examination these records shows how utterly impossible 
find anything them support the current theory forest 


*In the Weather Bureau report, Montana section for June, 1908, stated 
that “the rainfall was phenomenally heavy over most this district, and, combined 
with the water from the rapidly melting snow the high mountains, caused unpre- 
cedented floods nearly all streams.” 


the past years the low-water stage the Mississippi St. Paul 
has been materially modified reservoir action. 
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St. Paul. St. Louis. 
Year. 
west. ghest. 
High Lowest Highest 
1862 31.5 3.5 
1863 18.0 0.0 
1865 26.8 1.2 
1866 2.2 26.8 5.6 
1867 8.0 28.2 1.2 
1868 2.0 24.1 1.0 
1869 16.1 2.8 29.2 4.7 
1870 5.2 
1871 21.8 2.8 
1872 1.9 23.0 2.4 
1875 18.0 2.1 30.0 2.3 
1878 6.7 0.6 25.7 5.6 
1879 10.8 0.9 21.2 
1884 1.8 28.1 
7.4 1.9 27.1 2.0 
1886 8.2 1.2 27.0 1.4 
1887 9.6 0.8 20.6 0.9 
1888 2.4 29.4 3.2 
1889 4.5 0.8 24.6 2.5 
1890 7.0 0.6 20.5 2.8 
1891 0.1 23.7 3.0 
1892 12, 1.0 36.0 1.0 
1893 14, 0.6 0.2 
1894 0.2 23.3 0.2 
1896 10, 0.9 27.7 3.7 
1897 18, 2.8 30.9 0.5 
10, 2.8 0.3 
1901 1.2 22.5 
1902 26.8 —1.0 
1908 2.5 0.6 
1906 4.9 26.2 3.0 
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Cincinnati. 


TABLE 1.—(Continued.) 
Lowest. 


Pittsburg. 
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Highest. 


Papers. 
Year. 


1846 25.0 
1848 28.0 
1852 81.9 
1856 19.6 0.8 
1857 21.4 0.0 
1858 26.0 0.5 2.5 
1862 80.0 0.3 2.8 
1866 0,4 4.7 
1867 0.0 3.0 
1868 0.0 5.1 
1871 1.2 2.7 
1875 0.4 4.2 
1876 0.2 6.2 
1878 0.0 4.3 
1879 0.1 2.5 
1881 0.6 1.9 
1882 0.6 6.1 
1884 2.7 
1886 0.3 8.3 
1888 0.0 5.2 
1889 0.2 5.2 
1891 1.9 4.4 
1892 1.8 3.4 
1894 2.0 8.1 
1895 1.2 
1896 2.0 5.5 
1898 2.2 4.5 
1900 1.6 8.2 
1901 0.8 4.2 
1904 1,7 3.3 
1905 1.0 6.5 
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Florence. 


TABLE 1.—(Continued.) 
TENNESSEE. 


Chattanooga. 
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Highest. Lowest. Highest. Lowest. 
1875 54.0 
1876 $1.1 .0 
1878 19.2 
1880 38.3 0.1 
1881 22.4 0.0. 
1882 40.2 1.2 
1883 38.2 0.4 
1884 42.8 0.3 
1885 30.4 0.7 17.8 0.6 
1886 1.2 28.1 0.5 
1887 1,2 17.5 0.5 
1888 27.0 1.8 20.8 0.7 
1889 29.6 2.1 19.7 1.2 
1890 2.0 23.3 
1892 87.9 24.0 0.8 
1893 33.4 1.6 21.4 
1894 25.5 0.7 
1895 0.7 0.0 
1896 1.1 20.0 0.1 
1897 37.9 0.4 —0.5 
1898 24.6 1.6 13.8 0.4 
1899 40.0 0.8 25.2 
1900 24.3 1.0 19.5 
1901 87.4 2.1 18.9 0.8 
1902 40.8 1.2 21.7 0.4 
1908 0.6 18.8 0.5 
1904 22.1 0.1 17.2 —0.5 
1905 22.4 1.2 16.7 0.0 
1906 8.2 16.7 1.5 
i 


WWW 


Oo 


FORESTS, RESERVOIRS, AND STREAM FLOW 


OOM 


941 
Viger 
TABLE 1.—(Continued.) 
j 
Kansas City. Springfield. 
Highest. Lowest. Highest. Lowest. 
1876 1869 
1877 1871 
1878 1872 
1880 1874 
1881 
1882 1876 
1888 1877 
1884 1878 
1887 1881 
1888 1882 
1889 
1890 1884 
1891 1885 
1892 1886 
1898 1887 
1894 1888 
1896 1890 11.7 
1898 1892 18.8 
1899 1898 18.2 
1900 1894 10.4 
1902 1896 20.2 

1904 1898 15.5 
1906 1900 17.0 
1907 1901 19.8 
1908 1902 19.3 

1905 17.6 
1906 15.1 
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influence. They prove conclusively that there has been marked 
change since the settlement the country began, and that such 
change there has been the side higher high waters and 
lower low waters before the forests were cut off. What the record 
would could back 200 years cannot said, but may 
safely conjectured that would show both floods and low waters 
that would equal surpass any modern record.. the experience 
every engineer who has the opportunity observe the action and 
study the history great rivers find everywhere evidence the 
higher waters than any which has positive record. 
The up-building bottom lands, the survival old water marks, 
and many other indications, show that, great are modern floods, 
those the past were greater still. the very nature the case, 
not possible find similar evidence former low waters, 
because such evidence wiped out every succeeding high water; 
but whoever will take the trouble study records early expeditions 
our rivers, when barges, keel boats and similar craft were used, 
will conclude that extreme low water not modern development 
any means. Measurements the Monongahela River, Browns- 
ville, 1838 and 1856, low-water years, gave discharges and 
cu. ft. per sec., respectively. quite certain that the river has 
not fallen low late years. Pittsburg 1895 (the dryest 
season recent years), fell 160 ft. 

The point should fully recognized that these records are value- 
less for establishing either side the forestry argument unless they 
clearly indicate new tendency river flow. not enough 
cite few isolated cases. period of, say, 200 years, there must 
record year for high and one for low water. there any reason 
why might not occur this year well earlier? There must 
clear evidence permanent change before any conclusion can 
legitimately drawn. two instances such tendency may possibly 
claimed, the Ohio Pittsburg and the Connecticut Holyoke, which 
show, the past few years, greater frequency high waters than 
for some years previously.* whatever extent this may true, 


*In the period years from 1874, the Ohio River Pittsburg rose above 
ft. the gauge 148 times. the first half this period, these freshets 
occurred and the second half. The mean for the first half was 19.3 ft. and 
20.2 ft. for the half. The mean the lowest waters the first half was 0.3 
ft. and 1.6 ft. for-the second Pransactions, Am. Soc. E., Vol. LVIII, 
81, 20-year volumetric record the Connecticut, which indicates somewhat 
higher high waters during the last half the period. But this case, Pitts- 
burg, higher low waters are also indicated. fact, both cases, the greater run- 
off the later period was clearly due greater precipitation. 
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certainly not due deforestation. The change the forested 
areas the water-sheds these streams has been relatively 
very slight the past years. The great inroad into the timber 
the Upper Ohio took place many years ago. Since that time many 
cleared areas have grown timber while new areas have been 
The change one way the other, recent years, compared with 
the total area, altogether insignificant. The Connecticut water- 
shed above Holyoke has greater forested area than had years 
ago. This due the abandonment former farms which, many 
instances, have grown timber. doubtful the recent cut- 
ting the White Mountains offsets this, and, far snow-melting 
concerned, what cutting there has been certainly favor 
uniformity flow.* 

The records some American rivers have been given. is, 
course, Europe that one would expect find more definite data 
because the longer periods through which records have been kept. 
The histories several these streams have been examined without 
finding any confirmation whatever the forestry theory. The floods 
the River Seine, for example, show greater heights the 16th 
century than the 19th. The most exhaustive investigation 
the records European rivers, however, that the Danube, the 
great river Central Europe, recently made Ernst Lauda, Chief 
the Hydrographic Bureau the Austrian Government. The years 
1897 and 1899 brought destructive floods the Valley the Danube, 
that 1899 being particularly severe. Lauda prepared exhaus- 
tive report upon this flood, published 1900, elaborate 
maps and tables and searching analysis the climatic and other 
conditions. his “Concluding Remarks,” Lauda traces the history 
the Danube floods for 800 years, including all 125 floods. His 
conclusions are that floods were formerly just frequent and 
high they are recent times, and that the progressive deforesta- 


have seen the last few years abandoned farms (abandoned because 
their unprofitableness) the Western slopes the Allegheny Mountains, which are 
almost impenetrable forests thrifty trees suitable for making mine posts and 
telegraph poles. There are, course, large areas subject fires intervals 
few years, but that they are subject such recurrent fires proof their rapid 
production fuel which means twigs and leaves great abundance.” (Col. 
Thomas Roberts, Pittsburg, Pa.) 

“The forest area Vermont probably per cent. greater than forty years 
ago. course the quality the forest inferior, but that has effect the 
(Arthur Vaughan, State Forester.) 

“Farms the Connecticut Valley are among the richest the state (New 
Hampshire) and have been less abandoned than elsewhere. There has been, however, 
goodly acreage, very probably amounting per cent., which was cleared land 
1850, and which the present time has reverted forest; much excellent 
white pine (Philip Ayres, Forester.) 
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tion the country has had effect increasing them. fact 
the records the flood 1899, which was summer flood, produced 
almost entirely rain, showed that was those very parts 
the water-shed that were most heavily forested. 

the 10th International Congress Navigation, held Milan 
1905, one the four questions appointed for discussion was the 
very one here under consideration. Papers were presented repre- 
sentatives from France, Germany, Italy, Austria and Russia. While 
_all the writers heartily favored forest culture, the opinion was prac- 
tically unanimous that forests exert appreciable influence upon the 
extremes flow rivers. appears, therefore, that European experi- 
ence does not support the currently accepted theory. 

much for the evidence supplied the records this country 
and abroad. The constantly reiterated statement that floods are 
increasing frequency and intensity, compared with former times. 
has nothing support it. There are, true, periods when floods 
are more frequent than others, and hasty conclusions are always 
drawn such times; but, taking the records year after year for con- 
siderable periods, change worth considering discoverable. The 
explanation these periods high water, like the one now prevailing. 
must, course, sought precipitation. That where floods come 
from, and very strange that those who are looking eagerly for 
cause these floods jump indirect cause and leave the direct 
one entirely untouched: the records precipitation, wherever 
they exist, will found full and complete explanation every one 
the floods that have seemed unusually frequent and severe recent 
years. few examples will cited: 

The great Kaw River flood 1903, which wrought such havoc 
Kansas City, was caused wholly exceptional rainfall over nearly 
all the water-shed that stream. the first three weeks May. 
1903, more than the normal amount (4.5 in.) for the entire month fell. 
This was followed the next five days 3.4 in., and upon this 
piled 4.7 in. the succeeding five days, which time the flood 
had crested. 

the flood 1906 Western Washington, which did enormous 
damage and stopped railway traffic for upward two weeks, th: 
of. about the 15th the month. The 
October had been very wet, and the ground and forest storage 
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exhausted. the first half November, 25% more rain fell than 
the normal for the entire month, and this about one-half came 
the 14th, and 15th. 

the flood season 1905 the water-shed the Upper Missis- 
sippi, there fell the month April above Pokegama Falls 2.55 in., 
May, 4.95 in., June, 8.03 in., and July, 6.88 in., total 
22.41 in. The normal for the entire year 26.5 in. 

the record-breaking flood 1907, the Sacramento Valley, 88% 
the normal for the month March (based years’ observation) 
fell three days (17th-19th), and, one day, the precipitation ranged 
from in. the different stations. 

the extraordinary flood May and June, 1908, Western 
Montana, the precipitation for May, four selected stations, was 6.5 
in., and for June, 4.2 in. The greater portion this fell late May 
and early June. The normal for May 2.6 in. and for June, 2.3 in. 

Similar conditions prevail every great flood, and the true ex- 
planation found them and not all the presence absence 


forests the water-sheds. Whether the forests are any way 


responsible for the precipitation itself, and so, indirectly, for the floods, 
brings the third the foregoing general propositions, viz., that 
forests increase precipitation. strong may the popu- 
lar belief this theory, there nothing the records rainfall 
give -substantial support. The author has had occasion, con- 
nection with his official work, compare the rainfall records the 
northern half the United States from the Atlantic the Pacific, 
often with this particular point mind, and has never found 
anything indicate change. far has examined European 
records the same result holds, and believes true the world 
over except where climatic changes have resulted from causes entirely 
with the operations Man changing the face 
Nature. fact, the claim that forests increase precipitation (about 
10%, according Mr. Pinchot) leads some contradictory results 
the forestry argument. Coincident with our recent high waters. 
which are attributed largely deforestation, there has been 
increase precipitation, where there should, apparently, have been 
decrease.* evident that, where one rule applies, the other fails. 


*As step the crescendo gloomy forebodings upon this subject, that have 
the periodicals during the past twelve months, the following from the Sep- 
tember Scrap Book the very latest: our forests are gone the streams will 
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So, likewise, held that forests are necessary protect mountain 
slopes because the greater precipitation prevailing there; yet the 
forests are said increase this precipitation materially. 

There really very little, theoretically, support the claim that 
forests insure precipitation. said that the cooler status forest 
areas condenses moisture and induces precipitation; but this were 
midsummer, when the least precipitation falls, how about the rest 
the year when such difference exists, but the reverse, 
Take, for exemple, the great forests around the source the Yellow- 
stone. During the period when the bulk the precipitation falls, 
the temperature the forests cannot differ materially from the out- 
side, and impossible believe that the forest exercises much 
influence upon the snowfall. 

The fact that these high areas are generally wooded frequently 
cited prove that forests produce the higher rates precipitation 
which also prevail there. But would not more reasonable say 
that the forests flourish there because the higher precipitation, and 
that the latter due the elevated situation and consequent lower 
temperature? not this, fact, the reason why precipitation 
nearly always greater upon the hills than upon the neighboring low- 
land? The mountains are Nature’s wine-press which she extracts 
from unwilling atmosphere the elixir life for the hillsides and 
the valleys below, and she does this whether the forests have been cut 
away not. 

one respect, and very important one, forests diminish pre- 
cipitation, and that the deposition dew. Dew essentially 
open-country phenomenon, where the radiation heat from the 
earth’s surface unobstructed. Clouds high cover any kind, 
and also wind, interfere with this process and prevent the dew from 
gathering. collects full strength low shrubbery, less 
degree small trees, orchards, and penetrates for short dis- 
tances under forest cover. the heart the native forest full- 
grown timber, however, dew practically unknown. The quantity 
deposited the open country single night quite large under 


dry up, the rivers will cease run, the rain will fall more, and America will 
desert!” Considering how large percentage our forests has already disap- 
peared, the extraordinary rains all parts the United States during the past 
year are not exactly line with this dismal prophecy. one were judge from 


the records the past few years only, must conclude that deforestation 
increasing rainfall. 
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favorable conditions, leaving the effect shrubbery and the ground 
considerable shower. gathers greater smaller quanti- 
ties every clear, still night the eastern sections the country, 
except the colder season the year, the total quantity must 
quite large.* 

One authority holds that dew does not come entirely from the air, 
but part from the ground. said that water, which the day- 
time passes from the ground and plants into the air, prevented from 
doing this night, because the air cannot receive it, and, therefore, 
gathers visible form the ground and vegetation; but this were 
true, really makes difference the benefit which comes from the 
dew. Whether the low temperature due radiation causes deposit 
moisture from the air prevents the air from absorbing moisture 
which otherwise would, the result, far the ground and vegetation 
are concerned, practically the same. 

This may good place any note one important charac- 
teristic precipitation, and that its tendency move cycles. 
well known that dry years often follow each other for long 
periods with great regularity, and that these are succeeded wet 
periods. Take the region the Upper Mississippi reservoirs where the 
normal precipitation, based upon years’ observation, 27.1 in.; 
the ten years (1886-1895), this normal was only once; the 
ten years the record fell appreciably below only once. 
Omitting these two years, the mean for the two periods years 
was 24.7 and 30.0 in., respectively, average yearly difference 
nearly one-fifth the normal. Following the well-known law that the 
percentage run-off increases and diminishes with the precipitation, 
the disparity between the run-offs for the two periods was greater still. 

This phenomenon also admirably illustrated the rise and fall 
of. the levels the Great Lakes, for these immense storage reservoirs, 
not only absorb and distribute annual variations run-off, but equalize 
large degree the variations from year year. During the period 
the 80’s, there was general rise the lake levels except Superior, 


*The author has rever seen any data the actual quantities dew de- 
posited different localities and conditions, and hopes that the discussion this 
paper may bring some light. has, however, vivid recollections the subject 
when, lad dairy farm, was his unlucky lot barefooted after the 
cows every morning without waiting see whether the sun was going shine 
not. knows from experience how near zero the dew point can get, and how 
wet dew is; and also that the warmest place the world, such times, where 
cow has lain all night, and next that the dry precincts the tall woods. 
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and many people ascribed this fact deforestation, which allowed the 
water find its way more quickly into the lakes. During the 
there was period general subsidence, occasioning considerable 
anxiety, and was frequently asserted that time that this was due 
deforestation, which was drying the streams. For some years 
now the Lakes have been rising, Ontario being the highest years; 
and with another wet year the levels will almost reach record heights. 

The long record the Danube floods already referred another 
example. Almost invariably high floods would follow each other for 
several years close succession, and then would come long intervals 
ordinary high waters. 

These periodic changes are not, course, due all the presence 
absence forests, for they occur just the same whether forest con- 
ditions remain unchanged not. order Nature not all 
understood, but nevertheless fully established fact. Just now 
are era high precipitation and consequently high waters. 
There disposition “view with alarm” these exaggerated condi- 
tions. Rarely does one stop think how far better the country 
have these wet periods, even with all their floods, than the dry 
periods that will surely follow. single dry year may cause more 
loss the country through the shrinkage crops than the floods 
entire cycle wet years. 

Related the subject precipitation that evaporation 
affecting the quantity water that remains upon the ground. Gen- 
erally speaking the surface evaporation summer should greater 
the open than the forest because the more direct action the 
sun and wind; but the height summer the forests arrest precipi- 
tation such extent the leaves and humus, that more 
escapes through evaporation than the open. The effect forests 
upon evaporation through the medium their leaves finds its counter- 
part the similar action the growing crops that overspread defor- 
ested areas. already pointed out, the forests the mountains 
increase the evaporation from snow very materially. 

Where the balance lies among all these conflicting influences af- 
fecting precipitation and evaporation impossible say, and 
when the records are examined must admitted that they afford 
answer. far the researches Science have yet determined, 
the presence absence forests cuts figure climatic conditions. 
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These depend upon causes far greater magnitude and are influ- 
enced, all, only insignificant degree the operations 
those who occupy the planet. 

The fourth proposition the forestry argument that forests 
are necessary prevent erosion steep slopes and the consequent 
silting reservoirs and watercourses below. again there 
the same deficiency evidence support the theory that has char- 
acterized the three propositions already considered. The author has 
been unable find anything confirm it. his observations, em- 
bracing pretty nearly all varieties timber land the northern 
two-thirds the United States, has still see single example 
where the mere cutting off forest trees leads extensive erosion 
the soil. Almost invariably, and may said always except 
very unusual conditions, soil that will sustain heavy forest 
growth will immeditely put forth, when the forest cut down (or 
even burned down), new growth, generally part different from 
the first, but forming equally effective cover the soil. The only 
approach exception this rule that has observed some 
the high mountain forests where the soil extremely thin and 
weak and the action Nature producing vegetable growth slow. 
Plate CX, Fig. shows one the best examples this class 
timber land; but even here the slow growth very evident and 
large amount soil erosion resulted. the forest areas the East, 
the growth that follows tree-cutting, consisting not only new trees 
but briars and small brush every description, accumulates very 
rapidly and forms more effective mat against erosion than the 
forest itself and equally effective storing water. Such 
low growths have also better effect upon snow-melting because they 
give both wind and sun freer play. Certainly the ground forest 
under culture, with the débris raked up, more easily eroded than 
that slashing second-growth area, even good meadow 
pasture. forest soil unprotected forest débris almost erosible 
field under culture. 

The increased erosion the soil, which much heard, does 
not result from forest cutting, but from cultivation, using that term 
its broad sense include all Man’s operations for the occu- 
paney and utilization the ground from which the forests have 
removed. the “breaking the soil” that leads its 
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the elements. Roads and trails are one the great 
sources erosion hilly countries, but plowing and tilling are the 
principal causes. The question not one forests the first instance, 
but how far the cultivation and occupancy the soil can dis- 
pensed with. Even steep mountain slopes, where erosion and 
ruin have resulted, the effect often due the clumsy and injudi- 
cious work the husbandman who uses judgment cause and 
effect the way exposes the soil the force the storms. The 
successful cultivation hillsides every quarter the globe 
everlasting refutation the argument that forests are necessary 
protect the face the earth wherever cultivation practicable. 
Some classes cultivated vegetation, like the well-knit turf 
meadow pasture, are better protection against erosion than any 
ordinary forest cover. That there are sections the country where 
erosion the soil much more rapid than others under similar 
conditions, perfectly true. This especially the case with cer- 
tain districts the Southern States, and very likely forest protection 
there better than any other; but still true that the problem 
control soil erosion cleared lands essentially 
the cutting roads and ditches, the upturning the soil, and 
the various kindred operations Man that quicken the run-off and 
increase the surface soil wash. 

The oft-repeated assertion that, owing the cutting off forests, 
our rivers are shoaling more than formerly may challenged 
absolutely. There nothing our river history support except 
few instances, like the Yuba River California, where exten- 
sive hydraulic similar operations have produced vast changes. 
exceedingly doubtful can established any evidence 
worthy the name that the streams the Mississippi basin arc 
more obstructed sand bars than formerly. The author’s observa- 
tion upward years and inquiries from many sources fail 
disclose any such evidence. would not, indeed, surprising 
some such result were noticeable, for would naturally seem that 
the cultivation the soil has facilitated some degree the 
into the streams. this the case, however, the rivers not show it. 
They have way distributing their burdens meet their 
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necessities and, except rare cases, they not shoal appreciably 
more than formerly.* 

The distinction between erosion actually resulting from cultiva- 
tion and that assumed result from timber cutting, important 
keep mind, for fixes the burden responsibility where belongs. 
shows that this erosion soil wash can reduced only the 
elimination control cultivation, and the question once becomes 
that the extent which such elimination practicable. 
For example, insisted that the suggested reservoir system the 
Ohio, referred later on, will absolutely dependent for its 
integrity and permanence upon keeping the water-sheds above them 
covered with forests. But understood not the policy 
include the proposed forest reserves any lands that are fitted for 
culture.t elsewhere pointed out, that portion these areas, which 
not reduced cultivation, will not subject erosion more than 
present the mere fact cutting off the timber; for the natural 
growth logged-off lands just good protection the forests 
themselves. the agricultural tracts are still left open for occu- 
paney, the source sediment remains uncurbed and the whole argu- 
ment for forest reserves, the ground protecting the reservoirs 
from sedimentation, falls the ground. 

Some reference should made the real significance the 
alarming reports which have been put forth concerning the washing 
our soils into the sea. Over and over during the past year has 
the statement appeared that 1000 million tons our soil annually 
carried our rivers into the ocean. This figure itself quite con- 
servative, but the conclusions drawn from are not all so. Taking 
the results silt observations the Mississippi River and its tribu- 
taries for 1879, and applying the Missouri rate all Western streams 
outside the Mississippi basin, and the Ohio rate all Eastern streams 
outside the same basin, total about 1100 million tons indicated. 


*The absurd length which this erosion argument has been carried well 
illustrated the remark made recent address one the officials the 
Forestry Service: energy (of running water) expended rolling along 
stones and gravel finally build the mouths beds the great rivers. Next 
year there will bill introduced Congress providing forest reserve the 


Appalachian Mountains, that the rocks from these mountains will kept from 
the Mississippi 


references the intention not absorb agricultural lands 
areas conserved the reservoirs the following from Horton, Assoc. 
Am. Soe. E., Engineering News, June 11th, 1908: reader should not 
lose sight the fact that the conserved area not rendered unfit for cultivation 
other use, but that only small portion the conserved area (that covered the 
reservoir) utilized that its value for cultivation 
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But 1879 was low-water year the Mississippi basin and the quan- 
tity for average years may probably 1500 million tons and for 
extreme years, 2000 million tons. 

Let look these prodigious quantities squarely the face and 
see what they mean. Where does this enormous volume soil come 
from? it, one might infer from published references the 
subject, from our cultivated fields—an annual toll laid upon the pre- 
cious fertility our agricultural lands? all. Only very 
small proportion comes from this source. Possibly half the total 
quantity sediment goes down the Mississippi. All authorities 
agree that the greater portion this comes from the Missouri. From 
computations which the author has made, believes that fully two- 
thirds comes from that source. The observations 1879 indicate 
that five times much sediment comes from that stream from the 
Ohio. But where does the Missouri get it? Almost entirely from 
the most useless areas land with which any country was ever 
The barren Bad Lands are the principal source. Much 
comes from the mountains; much from the sand hills; very little, 
relatively, from cultivated areas. the balance the soil wash 
the United States, far the greater portion comes from other similar 
sections the West where the streams carry enormous loads sedi- 
ment. The entire Colorado system even more distinguished this 
respect than the Missouri. The same true the Rio Grande, the 
Pecos and the upper courses the Arkansas and Red. the 
streams the Great Interior Basin are heavy silt bearers, and the 
same true many the streams the Pacific Coast. The streams 
flowing into Puget Sound are heavily laden with silt certain por- 
tions the year, and the great Columbia Bar impressive evidence 
the vast burden sediment which that mighty river has carried 
the sea. Nearly all the annual load carried these streams 
entirely unaffected anything which Man has done. the 
regular natural carving down the hills and building the 
valleys and estuaries below. 

The Eastern streams are clear and sediment-free compared with 
those the West; but even these, large portion their sediment 
eroded from the gorges and the hills and mountains, which 
will wash away long the rivers flow. This particular 
class erosion, both Eastern and Western rivers, far less objec- 
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tionable than one led these later days believe. Has not 
from the beginning been one the most beneficent operations 
Nature? Are not the richest lands the world—the river bottoms 
and deltas—built this way? very great extent the irrigated 
lands the West are composed entirely the débris from the moun- 
tains and the bad lands. Even to-day this tribute from the highlands 
great value. The periodic enrichment the Ohio bottom lands 
and similar tracts hundreds of. other places, the highest 
economic importance. The soil-laden waters the 
spring, though sometimes injurious the for 
being, are, the whole, extremely beneficial. The damage 
sediment not its injury the lands ordinarily, but ditches, 
canals, reservoirs and similar works. the whole is, and always 
has been, benefit the lowlands. that portion carried out 
sea builds deltas and surely, though slowly, extends the habitable 
area the globe. Not alone the resources water 
but the perpetual renewal soil well, has the valley said 
mountains throughout the world’s history: will lift mine eyes 
unto the hills from whence cometh help.” 

Sediment this character, except when accompanied alkaline 
salts other similar ingredients, not injurious supply. 
The water the Missouri River one the healthiest drinking 
waters the world spite the fact that one the muddiest.* 

The proportion soil wash that comes from cultivated fields 
really very small compared with the enormous total that the rivers 
carry away. Heavy rains undoubtedly wash farm soils great deal, 
but this erosion large part transfer from one spot 
and not absolute loss. The history the old Ohio reser- 
voirs indicates very little filling the years that they. have 
been existence. According the Chief Engineer the 
State Board Public Works, scarcely appreciable some 
the reservoirs and none does amount much in., 
in. per year from the tributary water-shed. Yet these reservoirs are 
surrounded rich agricultural lands. The silt observations the 
Ohio 1879 indicate only little more than in. over the entire 
water-shed; but this, true, was year light rains. 


*The late Johnson, Am. Soc. used say, extolling the vir- 
tues Missouri River water, that was the most perfectly filtered water the 
world; with this difference, however, that the ordinary case water run through 
the filter, but here the filter run through the water. 
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readily seen that the formidable danger which much 
written late becomes quite harmless quantity when 
comes down the individual farm. The harm probably not 
much the quantity soil actually lost the fact that the 
soil may leeched some its more important ingredients. The 
evil one which can controlled only better methods farming, 
whereby the surface waters will restrained from eroding the soil; 
but even these measures have their adverse side, for heavy 
rains prevail for long time more important the farmer get 
the water off his land than save little soil. Most the soil 
will stop lower ground and not wholly lost, but the water 
not gotten rid the crop may ruined. 

The caving the banks our great rivers constantly cited 
example soil loss enormous scale, and asserted 
that this condition worse now The Mississippi and 
Missouri Rivers, practically alike this respect, are the two most 
prominent examples. The author will consider briefly the case 
the Missouri because has had long and intimate acquaintance 
with that stream from its mouth its source. 

may stated way refutation that the actual condition 
this stream to-day better than before settlement began its 
except that possibly the low-water flow slightly diminished meet 
the demands for irrigation. The stream not “constantly becoming 
more and more savage,” recent writer asserts. the other 
hand, its natural savagery much restrained. 100 miles 
its banks are protected; snags and drift heaps are largely removed; 
considerable bottom land has been reclaimed and turned indus- 
trial use; floods are greater than they used be, and 
safer and easier. Navigation has ceased, not because the river has 
deteriorated, commonly asserted, but because the natural dif- 
ficulties peculiar this stream are great and hard over- 
come that boats cannot live and business the same rates 
which railroads transport freight. 

That the river most destructive one the bottom lands along 
its course only too true; but the character its destructive work 
generally misunderstood. The writer just quoted states that the 
carries away annually 8000 acres bottom land within the 
limits the State Missouri alone. The total acredge these lands 
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about 640000. this statement were true, more than the entire 
area would have been carried away since the voyage Lewis and 
Clark, and the process had been continuous since Columbus dis- 
covered America, the river to-day would flowing its original 
channel the solid rock, ft. below the present surface. 
matter fact, there more soil the valley to-day than there 
was the date either these events. Taking average for 
considerable period, none the bottom land lost. has always 
been slowly rising through accretion. The bank caving only 
transfer from one point the shore another. For every dissolving 
bank there nascent bar. Where steamboats ran last year, willows 
may growing this, and next year the farmer may planting his 
corn. The wrought concerns the individual owner, but not the 
valley bottom itself. The cruel losses attract attention; the un- 
obtrusive gains not; but the account always balances itself. The 
harm done first the individual whose possessions are swept away, 
and second the community through paralysis development, de- 
preciation values, and the holding back this natural garden 
spot from becoming what ought be. The evil very real 
one, and the author has long endeavored, though without success, 
secure provision the River and Harbor Bill for its amelioration.* 
Great the evil is, however, not all the nature 
actual loss land the valley. 

must clear from the foregoing that the bottom lands the 
Missouri add nothing whatever the total quantity sediment 
that passes out the mouth the stream, for these bottoms have 
been rather than diminishing quantity. Likewise the 
Mississippi bottoms contribute nothing the volume sediment 
that carried into the Gulf Mexico. all comes from the uplands, 
far and near, but principally from the more remote and hilly regions. 
This load the nature through traffic. The local freight picked 
from bank mostly discharged the next station. 
follows, therefore, that the banks these streams were revetted 
from the Gulf Pittsburg, the Falls St. Anthony and the mouth 
the Yellowstone, the quantity sediment passing into the Gulf 
would not diminished particle. Such revetment would never- 
theless the very highest value, could made hold, 


Transactions, Am. Soc. E., Vol. LIV, 336. 


8. 
| 
| 
| 3 
| 
| 
| 
4 
| 
a 
3 


956 FORESTS, RESERVOIRS, AND STREAM FLOW [Papers. 


for would give permanence the banks, security riparian prop- 
erty, and would largely prevent bar-building training the river 
regular channel and relieving everything except its through 
load sediment. 

The bank-caving problem these valleys unaffected any 
appreciable degree the influence forests cultivation the 
water-sheds, and cannot solved materially assisted any 
practicable changes these conditions. The problem strictly 
local one, and the remedy must local one. Even were 
possible bring the waters down from the uplands perfectly clear, 
not all certain that the effect upon the bottom lands would not 
injurious than beneficial; for then the caving soil, instead 
being quickly deposited again, would part carried out 
sea, and the bottom lands, unless protected, would gradually eaten 
away. 

addition the four main propositions discussed above few 
subordinate features the question will now considered. 

feature the Forestry Service which generally overlooked 
the possible effect culture upon the bed humus much relied 
upon these discussions prove the restraining action forests 
upon run-off. Mr. Pinchot, his statement the Judiciary Com- 
mittee, said: 

“The effect forest steep slope cover that slope with 
leaves, rotten and half rotten sticks, and other mechanical obstructions 


which prevent the water from running below rapidly would 
otherwise.” 


understood that the forest policy keep this litter cleared 
measure fire protection, and one frequently sees articles 
forestry, photographs the typical forest culture which the 
ground thoroughly cleaned up. The result must diminish pro- 
portionately the retentive action the forest bed and increase its 
liability erosion. the light the foregoing discussion fire pro- 
tection much greater importance than the retentive effect the 
forest bed the run-off. The remarkable degree which the forest 
bed will dry out prolonged drought, making one vast tinder-box, 
supports this conclusion, and another proof the extreme desic- 
effect forest growth upon the soil. 
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often escapes attention, except with those who are the woods 
great deal, that the water establishes little channels through the 
débris where the latter long accumulation and somewhat perma- 
nent character. Such débris does not reality offer great 
obstruction flow one would suppose, and would the case 
its condition underwent frequent change. 

The statement constantly met that forests are very efficacious 
the protection river banks from undermining and steep slopes from 
sliding. The exact reverse the case. every river engineer knows 
nothing more disastrous river bank alluvial stream than 
heavy trees. This due partly the great weight, but large part 
the swaying effect the wind and the enormous leverage the 
long trunks which pry the ground and facilitate the tendency 
undermining. One the regular policies river control cut 
down these trees for distance back from the edge the bank wherever 
complications with private ownership not prevent. Snags and drift- 
wood the channels have always been among the most serious ob- 
stacles navigation streams flowing between forest-covered banks. 
Likewise where railroad highway grading cuts the skin unstable 
mountain slopes, the presence large trees immediately above tends 
powerfully loosen the ground and slide; and such cases 
necessary cut down the timber. Far better than forest trees 
river banks are thick growths willow, alder, any the smaller 
close-growing shrubs; and side hill slopes either such shrubbery 

the current discussion great deal made the fact that 
mountain slopes are “quick spilling,” the deduction being that they 
therefore are more productive floods. This quite contrary the 
fact. perfectly true that more rain falls the hills than the 
lowlands, that greater percentage rainfall runs off from steep 
than from flat slopes, and that runs off more rapidly; but does 
not follow all that these conditions produce greater floods. moun- 
tain stream carries off the water within its banks great deal faster 


*The following testimony before the Board Consulting Engineers, Panama 
Canal, the point (Report, 329): 

Question Mr. Welcker: Chairman, would like ask Mr. Dauchy 
vegetation prevents the sliding?” 

Mr. Dauchy: experience has been the reverse; have stopped sliding hills 
cutting off the vegetation. The weight the timber sliding slope aids 
assist the sliding.” 

Mr. Welcker: ‘‘Does not the vegetation diminish 


“If you could get grass-covered slope would help di- 
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and more safely than similar stream-in the lowlands. The banks are 
almost always stable and the bottoms rocky composed heavy gravel 
boulders; fact, floods less harm such streams than any 
others. the low land, where the streams have smaller slopes and un- 
stable banks, much smaller run-off produces greater floods and more 
destruction. Moreover, Nature large degree adapts streams 
the work required them. channels the tributaries the 
Ohio have been carved out through long ages carry safety the 
average flood flow. Area for area water-shed, their cross-sections 
are much larger than those streams climates less rainfall. 
The normal section the Ohio Wheeling over sq. ft. for every 
square mile water-shed, while that the Kaw River Kansas City 
less than sq. ft. per square mile. therefore wholly erroneous 
conclude that the streams these mountains are more subject 
over-bank freshets than those the low lands that the freshets 
themselves are more destructive. Considering the conditions growing 
out settlement the reverse unquestionably the case. 

There other consideration prime importance this for- 
estry argument, and that the fact that possible development 
forestry can increase the present percentage forest-covered areas. 
least much ground now devoted agricultural purposes 
must continue used. The utmost admissible expansion 
National forests will never require greater area than now occu- 
pied forests and second growth logged-off lands, which, far 
run-off and erosion are concerned, are just effective the virgin 
forest itself, and more effective than will the groomed forest the 
new régime. There may shifting areas devoted forests, but 
possible expansion, compared with the present area, small that its 
influence upon the great rivers, even admitting the full force the 
forestry argument, would wholly inappreciable. 

The fact just dwelt upon should make thankful that the forestry 
theory the stream flow not correct. Whatever the value 
forests cannot have them everywhere, and far the greater por- 
tions already cleared away must always remain deforested. this 
fact deforestation has brought with greater degree than 
the calamities high and low waters, then, indeed, are 
unfortunate case. But has not done so. Nature has decreed such 
penalty for the subjugation the wilderness, and the whole these 
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natural visitations are less frequent and less extensive than they were 
before the white man cut away the forests. 

summarizing below the foregoing argument, the author would 
particularly careful guard against sweeping assertions any 
his conclusions. well understands how little the subject capable 
precise demonstration. Snow, for example, does not always fall, 
even the open country, under the influence the wind, may 
fall wet condition that keeps from drifting. Altitude comes 
with its lower temperature and modifies the general result. There 
vast difference between northern and southern exposure’ even 
with the same slope and topographical conditions. Precipitation 
ever occurs twice alike the same water-shed. The combi- 
nation flow from tributaries never the same any two floods, 
and there endless variety conditions that must qualify our 
rules and make cautious making claims matter this kind. 
The author objects solely the contrary course pursued many for- 
estry advocates—to the extreme claims that forests exert regulating 
influence upon stream flow times great floods extreme low 
water our larger rivers. These claims stand to-day absolutely un- 
proven. The difference between past and present conditions not 
great. One influence offsets another with such nicety that the change, 
there any, hard find. The “delicate balance” maintained 
Nature where Man has not cut away the forests replaced other 
balances equally delicate and efficacious the drainage lands, the 
growing crops and the deposition dew 

the following seven propositions the author sums the argu- 
ments presented the foregoing pages: 

(1) The bed humus and débris that develops under forest cover 
retains precipitation during the summer season, moderately dry 
periods any time the year, more effectively than the soil and 
crops deforested areas similarly situated. acts reservoir 
moderating the run-off from showers and mitigating the severity 
freshets, and promotes uniformity flow such periods. 

(2) The above action fails altogether periods prolonged and 
heavy precipitation, which alone produce great general floods. 
such times the forest bed becomes thoroughly saturated, and water 
falling upon flows off readily from the bare soil. Moreover. 
the forest storage, not being under control, flows out swollen 


e J 
q 

\- q 

q 
1e 

ry 

4 

to 

ats 

or- 
q 
of 
4 
| 
but 
its 
the 
| 
| 
e of 
por 
this 
such 
7 
these 


960 FORESTS, RESERVOIRS, AND STREAM FLOW [Papers. 


streams, and may, and often does, bring the accumulated waters 
series storms one part the water-shed upon those another 
which may occur several days later; that, not only does the forest 
such times exert restraining effect upon floods, but, virtue 
its uncontrolled reservoir action, may actually intensify them. 

periods extreme summer heat forests operate diminish 
the run-off, because they absorb almost completely and give off 
evaporation ordinary showers which, the open country, produce 
considerable temporary increase the streams; and therefore, while 
small springs and rivulets may dry more than formerly, this 
true the larger rivers. 

(4) The effect forests upon the run-off resulting from snow- 
melting concentrate into brief periods and thereby increase 
the severity freshets. This results from the prevention the 
formation drifts, and (b) from the prevention snow-melting 
sun action the spring, and the retention the snow blanket until 
the arrival hot weather. 

(5) Soil erosion does not result from forest cutting itself, but 
from cultivation, using that term broad sense. The question 
preventing such erosion soil wash altogether one dispensing 
with cultivation properly controlling it. The natural growth which 
always follows the destruction forest fully effective pre- 
venting erosion, and even retaining run-off, the natural forest. 

(6) general proposition climate, and particularly precipita- 
tion, have not been appreciably modified the progress settlement 
and the consequent clearing land, and there sufficient reason, 
theoretically, why such result should ensue. 

(7) The percentage annual run-off rainfall has been slightly 
increased deforestation and cultivation. 

the foregoing propositions are correct they enforce two very 
important conclusions—one relating the regulation our rivers 
and the other forestry. 

follows that aid expected the control utiliza- 
tion our rivers, either for flood prevention, navigation water 
power, any practicable application forestry. Remember always 
that the extreme flow, not the medium condition, that controls 
the cost river regulation. the floods and low waters that 
measure the cost. Any scheme control that not based upon these 
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worthless. This proposition need scarcely urged upon the experi- 
enced engineer. For himself would never place any real reliance 
upon forestry. Called consultation, for example, the problem 
protecting the City Pittsburg from floods would bound 
take his measure the problem the highest recorded flood the 
river with good factor. safety that, and then figure out what 
methods—artificial reservoirs, levees, raising grades, clearing the 
river channel artificial obstructions—he would obtain the desired 
relief. would not dare, the physician the case, advise 
his patient that could dispense with lessen any degree the 
application the remedies proposed, nor save one dollar the cost, 
anything that might done reforesting the water-shed the 
rivers 

like manner engineer could honestly advise lowering 
height single inch the levees the Mississippi because any 
possible application forestry the water-shed that stream. And 
again could not advise that forestry development would lessen 
any degree the cost improving the rivers for low-water navigation. 
Engineers fully understand their responsibility these matters. But 
great engineering cannot carried out without money, and 
the people will not give the money unless convinced the necessity 
and wisdom the plan proposed. long there apparently some 
easier and simpler plan, some panacea, matter how nebulous 
unproven, that offers way out without the expenditure much 
cold they will backward voting money, and the counsel 
the engineer will the complete divorcement 
forestry from any connection with river regulation—so far, least, 
its effect upon the cost such regulation concerned—will 
distinet and positive gain the latter. 

the second place, forestry will left work out its own 
salvation without any reference the rivers. not its cause pro- 
moted this divorcement? first thought may seem that thereby 
one great argument for forestry lost; but argument can 


*Possibly the author too positive this opinion. finds that, one case 
least, the City Williamsport, Pa., reputable engineers have advised reforesta- 
tion mountain slopes protection against floods. The statement “an emi- 
nent authority” was cited with approval the effect that the precipi- 
tation the surface the ground” under forest cover. But here, 
all these assumptions, the rule applies only the average condition. The point 
overlooked that periods heavy precipitation the retentive capacity the 
forest bed becomes exhausted. the City Williamsport relying upon this 
advice certainly laying for itself season repentance. 
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value the long run that not based upon truth, and the disap- 
pointment that certain result the fulfillment these hopes 
will more harm than good. Forestry does not need any such 
support. stands basis its own, too broad and too sure 
require any extraneous aid. What this reply may 
given the beautifully appropriate phrase that occurs the Act 
Congress creating the first our National Parks, “the benefit and 
enjoyment the people.” the matter benefits, forests are neces- 
sary, because they produce the most important material construction 
known Man; even iron cannot excepted. From the lead pencil 
the mast ship, from the infant’s top spacious temples and 
palaces, enters into nearly every requirement human existence. 
large portion the structures for human habitation are built 
it. The land transportation the world closely dependent upon it, 
for were not for the railroad tie scarcely car could run. 
only when one stops think little upon the unlimited adaptability 
wood human needs that its transcendent importance borne 
upon him. 

the matter enjoyment, other work Nature has done 
more for the uplifting and ennobling the mind than these “first 
temples” God. requires argument enforce this assertion, 
particularly with him who has been reared close companionship 
with the woods. Sad indeed will the day, ever comes, when 
the people are deprived this source healthful pleasure for which 
adequate substitute can ever found. 

And yet this supremely important resource human happiness 
strictly limited, and the visible supply fast disappearing. Statistics 
fix the date, almost confidently astronomer predicts eclipse, 
when the doomsday its final disappearance will come unless some- 
thing done prevent. Most fortunately this material, unlike 
copper iron stone, vegetable product capable self-renewal, 
and the supply can kept forever. This what gives its extreme 
importance forestry. requires dubious support from any other 
source. fully justifies the splendid work that the Forestry Service 
doing and demonstrates the wisdom the far-sighted men who 
are laying the foundation our future National forests. 

Let now inquire will not the advantage this 
great work absolutely independent any connection with water- 
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way development. Will not better every way for forestry 
promoted solely the basis producing trees for human use 
and enjoyment, and not all for any supposed influence upon flow 
streams? really wise move, far forestry concerned, 
single out the rugged and inaccessible mountains localities where 
our future supply timber must come from? The availability 
fcrests human needs depends very largely upon the situation 
which they grow. Few people understand the exceeding importance 
this matter. The converting forest tree into form for use 
involves two distinct processes, the conversion the tree into lum- 
ber other product and its transportation the place con- 
sumption. The cost logging operations immensely increased 
the roughness the ground. our Western forests, for example, 
requires higher grade skill, commanding higher wages, 
“lay” tree steep hillside than even ground. The losses from 
breakage falling are much higher, and the. difficulty and expense 
getting the logs out much greater. fact, the increase cost 
runs all the way from $10 per 1000, depending upon the situa- 
tion. Engineering News stated the case very forcibly regard 
the Appalachian forests (though did not have this particular thought 
mind), when said recent issue that “the cutting off 
forests the remote mountain slopes has only become possible with 
the high price lumber that has prevailed for ten years past.” This 
increase cost represents the perpetual tax that the public must pay 
for timber from these regions compared with that from the low- 
lands. And great deal can never gotten out all. The 
poet’s “gem purest ray serene” was not more lost human needs 
than are tens thousands noble trees the rugged fastnesses 
our mountains, east and west. convert them into 
lumber will cost more than they are worth. Enjoyment? Only the 
solitary hunter mountaineer ever sees them. These are not the 
places rear forests for the good the people. 

Consider the question transportation and take Chicago 
being practically the meridian through the center population 
the country. The rate fir from the Cascades Chicago 
cents per 100, $16.50 per 1000 ft. B.M. The average rate from the 
Appalachian forests about cents, about per 1000 for green 
oak. proper distribution our forests these rates the average 
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ought brought within cents per 100. logging and transpor- 
tation together, the country will tax itself the average not less 
than $10 per 1000 for whatever supply derives from these moun- 
tain forests compared with what might receive from forests more 
favorably located. 

were not for the erroneous assumption that forests have 
regulative effect upon the flow our navigable rivers, would not 
the policy regard the acquisition lands for forest reserves 
quite different from that now proposed? Congress were vote, 
say, $10000000 the next session commence the establishment 
National forests purchase, would not far better spent 
lands where the pine, oak, cherry and ash used grow, loca- 
tions convenient for access the people and every way better 
adapted their needs? States, counties other agencies should 
required meet half the original cost. Even the total cost 
the Government were several times what equal areas the moun- 
tains cost, would far more economical the long run. There 
abundance land nearly all the States, suitable for the 
purpose, that can had not excessive cost. New England, for 
example, would not the development forests the lowlands, where 
many places former cultivation has been abandoned, far better 
than buy the difficult slopes the White Mountains? Let 
there National forest every county the United States 
where practicable create one. Let its location carefully 
chosen that its product may manufactured and shipped with 
the smallest cost the people, and serving also, not only pleasure 
ground, but stimulus similar work private agencies. 

will urged that these mountain lands are worth more for 
forestry than for agriculture. Very true, but that would not justify 
their purchase the same money would produce better result else- 
where. “Never buy what you not want because cheap.” Again, 
may said that here our only remaining timber supply the 
Fast, and must saved. Except some possible economy the 
more judicious cutting under Government control, not apparent 
how forest tree that has attained its growth going render any 
greater good humanity being saved for the next generation than 
being cut for this. There general sentiment current these 
later years that timber cut off private agencies wasted; 
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but does not find its way into common use just the same? Not 
completely, perhaps, but still substantially the same. Take the com- 
bination the Weyerhauser Timber Company, considered entirely 
apart from its economic and ethical aspects great trust cor- 
poration, and solely preserver our forests. With its system 
fire control, its policy holding its timber for high prices, not 
really conserving the timber for future use? speak such timber 
being “lost” the people, “wasted,” and its acquisition 
“looting our heritage,” disingenuous untrue. Will its 
lumber cost the consumer cent more per thousand than were 
from Government reserve? wholly gratuitous assumption 
that our timber going “wasted” unless placed under 
Government control. The thing prime importance get new 
forests started. the years that our present supply will 
last, new forests should brought into existence all over the country. 
This far more important than buy the virgin timber the 
Appalachians. 

Moreover, seems now considered that the virgin lands 
have already risen too high price purchased the Govern- 
ment, and that only the second-growth lands that can economic- 
such these lands are desirable for the strict timber 
production will greatly facilitated disabusing the minds the 
owners the impression diligently fostered late that the very 
salvation the country depends upon their selling out the Gov- 
ernment. Can anyone doubt that the present course will add vastly 
the purchase price? 

Still another argument that may urged that only linking 
the forests with the rivers way establish their utility main- 
taining navigation can the constitutional objection the acquisition 
these lands overcome. But does this apply mountain forests 
more than any others? incontestably true that whatever 
restraining effect forests have upon run-off greater upon the low- 


lands than upon steep mountain sides. This legal feature the 
question will referred farther on. 


Secretary Agriculture Southern Appalachian and White Moun- 
tain water-shed, December, 1907, pp. 30, 35. 
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THEIR RELATION TO-STREAM 


Under this heading artificial reservoirs alone are included. 
Natural reservoirs various kinds exist nearly everywhere and exert 
profound upon stream flow. The ground the most 
important these, absorbing the average probably one-third 
the total rainfall. Natural lakes are great regulators, the St. Lawrence 
system being the most perfect example. Forests are effective reservoirs 
certain seasons. Swamps and low-lying grounds along river courses, 
like the great flood basins the Sacramento and the Mississippi, are, 
their natural state, enormous reservoirs which greatly reduce the 
flood flow the river channels. Snow-drifts, particularly the great 
drifts the mountains, are splendid reservoirs. The streams them- 
selves have immense storage capacity; for example, the Mississippi 
within levees stores least 2000 billion cu. ft. water from Cairo 
the Gulf, between extreme high- and low-water stages. All these 
reservoirs and many less importance are ever active regulating 
the flow streams. Without them precipitation would flow off 
fast arrives and our greatest floods would magnified many 
times. 

Here are considering only those reservoirs constructed Man 
supplement and extend the regulating effect Nature’s reservoirs. 
the conclusions reached the first section this paper are cor- 
rect, forests cannot relied upon any degree help solve the 
problems high and low water. Present conditions must met 
purely artificial means, since Man has far discovered way 
controlling the climatic conditions which govern precipitation. 
cannot “stay the bottles heaven” times flood, nor open them 
seasons drought. must take the water after reaches the 
earth and deal with the best can. 

The artificial reservoir intended attack this problem its 
source. and holds back the water the near vicinity 
its deposition, instead waiting until gathers into the rivers and 
then building huge bulwarks contain there times flood. 
saves the stored-up supply and gives out the low-water season, 
thereby helping navigation, instead dredging and otherwise treat- 
ing the watercourses increase the low-water depth. corrects 
one the greatest deficiencies Nature abolishing inequalities 
stream flow and converting waste into utility. Theoretically, 
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the perfect plan. has always appealed the imagination lay- 
man and professional alike. has often been resorted to, and the 
number reservoirs the world very great and constantly 
Hitherto they have been mainly used for power, municipal 
supply, irrigation, and for navigation canals. very few instances 
have they been applied improve the navigation large natural 
watercourses, and none, far the author aware, for the 
exclusive purpose preventing floods. 

The question arises, why are they not regularly applied these 
last-mentioned purposes? The answer may once given that 
the general case the cost greater than the benefits received. 
This element cost arises mainly from the absence good sites 
dam sites well holding basins) and also, 
erable extent, from interference with the purely artificial condi- 
tions growing out the settlement the country. 

The best reservoir site natural lake. Such site already 
covered with water, and original conditions are not materially changed. 
Evaporation not much increased the necessary enlargement. 
Smaller and safer dams accomplish given storage than for the 
average dry site. The question public health involved uncov- 
ering large areas for reservoir beds the heated portion the 
less serious. Everything makes these sites the most advantageous. 
that can found, and may laid down rule that the public 
good requires the utilization every such site the fullest 
extent.* 

Except few cases, dry sites are deficient these 
Greater areas land have condemned, and larger and costlier- 
dams are required, with vastly greater danger case accident. 
Really good sites are not abundant one might wish, and 


*An interesting feature these natural reservoirs may noted. natural 
lake, wholly uncontrolled its outlet, may have more effective control the 
cutflow than artificial reservoir equal superficial area when full, though far 


greater capacity between high and low water. The outflow from lake can be. 


increased only storing simultaneously quantity water measured rise 
the surface equal that the outlet necessary give the increased flow. But 
the artificial reservoir has reached the limit its allowable filling, the outflow 
must made equal the this limit reached before the time 


maximum run-off, then quantity equal this run-off must let out the. 


reservoir. This contingency can never happen natural lake. The turning point 
where outflow and inflow balance each other always after the crest the flood 
has passed—in fact the time when the diminishing inflow and increasing outflow 


balance each other and the lake ceases rise. the case the Yellowstone Lake. 


(140 sq. miles), for example, this rise, average seasons snow-melting, con- 
tinues from days weeks after the inflow has reached its maximum, and 


surrounding streams have subsided materially before the Yellowstone River (at 


lake outlet) ceases rise. 
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problem developing storage such sites beset with difficulties 
many kinds that greatly increase the cost. 

1897 the author made careful study this question flood 
control means reservoirs connection with official investi- 
gation the advisability building reservoirs the arid regions. 
His view the difficulties the way any general application 
such system quite fully stated his report,* and the following 
extracts are directly point: 


“Tt the not the physical difficulties, which stands the way. 
may stated that general rule sufficient amount storage 
can artificially created the valley any stream rob its floods 


-of their destructive character; but equally true that the benefits 


gained will not ordinarily justify the cost. The reason for this 
plain. Floods are only occasional calamities worst. Probably 
the majority streams destructive floods not occur, the average, 
oftener than once five years. Every reservoir built for the purpose 
flood protection alone would mean the dedication much land 


condition permanent overflow order that three four 


times much might redeemed from occasional overflow. One 
acre permanently inundated rescue three four acres from inun- 
few weeks once three four years, and this great 
could not considered wise proceeding, matter how prac- 
might from engineering considerations alone. The 
with the loss much land industrial uses, would far 
greater than that levees other methods flood protection. 
The construction reservoirs for flood protection not, 
therefore, expected, except where the reservoirs are serve 
some other purpose well.” 

The above conclusions are still applicable they were when 
-written. The subject has been given renewed prominence quite recently 
connection with the Ohio River floods, but, before considering this 
particular application, attention will given certain reservoir 
-systems that have been proposed elsewhere and particularly one 
built and put operation the Government and which will 
‘be referred frequently the following pages. This the system 
the head-waters the Mississippi—the largest artificial reservoir 
system the world. 

The project converting the more important the numerous 
lakes around the sources the Mississippi and its tributaries into 


*House Doc., No. 141, 55th Cong., Sess., 46. 
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storage reservoirs aid navigation was originally proposed 
General Warren, and was first put into definite shape Colonel 
Farquhar, the Corps Engineers. The plan then embraced 
large number lakes Minnesota and Wisconsin, but only five 
sites have actually been improved. The dams were first built 
timber cribs, but have recently been rebuilt concrete, shown 
Plate CXII. The combined storage about billion cu. ft. 
about twice the mean annual run-off from the water-shed, and 
the system probably the only one, except the Great Lakes, which 
equalizes periodic well annual fluctuations flow. That is, 
over the surplus from wet years help out dry years, and 
its utility is, therefore, the most comprehensive character. The 
cost the five reservoirs remarkably low, although not now 
possible tell the exact cost the present structures account 
the mixture old and new work; but probably does not exceed 
$750 000, including lock the Sandy Lake Dam. This only 
per 1000000 cu. ft., cents per acre-foot the basis total 
capacity. would about twice this the basis the mean annual 
run-off from the water-sheds. 

large portion the original project has been abandoned because 
public sentiment did not support its continuance. The author has 
always regretted this backward step, believes developing 
the fullest extent the exceptional opportunities here offered for the 
storage water. The available reservoir sites which could cheaply 
improved Minnesota and Wisconsin are sufficient control abso- 
lutely the floods the Mississippi within the danger line, for long 
distance below St. Paul, and improve the navigation the upper 
river very materially, while their value for industrial purposes almost 
beyond estimate. 

spite the great and obvious advantages this system, has 
not yet received the popular approval that might expected it. 
fact, about three years ago, there arose widespread sentiment 
the community around the reservoirs that the system was, the whole, 
injurious, that its disadvantages far offset its advantages, and strong 
movement was organized have abolished altogether. the 
purpose investigating this matter, Board Engineers was ap- 
pointed, which the author was member. The Board found that 
there was general belief among the people below the dams that 
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they actually increased the floods, while the people above complained 
bitterly the back waters caused, throughout that low country, 
filling the reservoirs full. The water powers immediately below the 
dams complained that they were not getting even the normal flow 
the stream, which was the case. Navigation interests below St. 
Paul have always been lukewarm regard the beneficial effects 
the reservoirs, and the Board was able find only one steamboat 
captain who would make positive statement that the boating interests 
derived any particular benefit from them. 

Some curious results developed this investigation. was found 
that, great the reservoirs are, conditions may arise times 
excessive precipitation that will compel them discharge greater 
quantity water than would flow from the lakes their natural 
condition. That is, they might actually operate increase the floods 
they should fill their limit during period excessive precipita- 
tion. This very contingency nearly happened the season 1905, 
may seen the curve (Fig. illustrating the effect the 
reservoirs the flood situation Aitkin, Minn., about 130 miles be- 
lew. Fig. shown comparison the natural and regulated 
flow the Mississippi below the three upper reservoirs, the latter being 
operated the interest navigation alone. These curves show very 
clearly that the natural flow the river was more uniform than 
the regulated flow. 

like manner, during the period lowest water, viz., mid- 
winter, the reservoir gates are closed down about 400 cu. ft. per 
sec., and the great water powers, like those the Falls St. 
Anthony, are even worse off than state Nature; but this draw- 
back not great might thought because the powers are able 
utilize most the storage when comes during the period 
navigation. 

Such are some the complications and drawbacks which are 
encountered this reservoir system and which would surely met 
system built under less favorable natural conditions. 

Nevertheless the Board found that the system was itself very 
great benefit and that the lack appreciation its advantages was 
for the most part due ignorance what they actually were. 
the public hearing the opposition fell pieces the mere force 
better understanding, and safe say that the system 
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never abandoned, but will extended along the lines the original 
project.* 

The Geological Survey has recently proposed quite 
extensive reservoir system for the Sacramento basin, similar 
principle, though smaller extent, that the proposed Ohio 
system. The flood problem the Sacramento River the most 
difficult the United States proportion its magnitude. 
fact seems will prove impossible convey the extreme floods 
that river the sea without extensive overflow the bottom 
lands along its course. The proposition control the floods some extent 
means reservoirs was elaborately set forth the paper Messrs. 
Clapp, Murphy, and Martin, previously referred to. The subject had 
already been considered the Commission Engineers appointed 
the State California 1904 devise plan flood relief. The 
Commission reported that, while any help from such source must, 
course, solving the problem, was very doubtful 
such aid would sufficient importance giving much 
discussing the paper above referred to, the author stated 
that, while had never visited the sites question, was his 
opinion that, most them, would not possible realize 
over one-fourth one-third the benefits claimed, and based 
his opinion the published records the flood 1907, which was 
the greatest the history the river. George Dillman, Am. 
Soe. E., discussing the paper, flatly pronounced the whole scheme 
impracticable and gave his reasons detail for this 
Among them cited one case the great value the lands 
flooded the reservoirs, which claimed were altogether more 
important for agriculture than for any diminution flooding which 
the storage might cause the valley below. another case 
cited the difficulty, which always suggests itself engineer 
considering the subject, timing the operations the reservoirs 
combine their effects the best advantage, and particularly 
keeping them empty periods prolonged precipitation, that 
their capacity may available the critical moment. Other obstacles 
were pointed out, and the whole discussion presents another instance 


*The report this Board contains exhaustive data upon the system and its 
operation. may seen the annual report the Chief Engineers for 
1443 (Appendix AA, published separately pamphlet form). 


Commissioner Public Works, State California, for 1905. 
Am. Soc. E., May, 1908, 464. 
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the practical difficulties that stand the way any comprehensive 
reservoir scheme for controlling floods. 

1903 the great flood the Kaw River brought the reservoir 
question again. Burton, Kansas, advocated the plan 
very urgently, stating speech Kansas City that “would have 
tens thousands reservoirs beginning the headwaters the 
stream and coming right down.” Board Engineer Officers was 
appointed investigate the practicability providing against future 
disasters such this flood had caused. The reservoir idea had made 
deep impression upon the public mind that specific considera- 
tion that feature the problem was requested. its report* the 
Board found adversely the scheme the ground that its great 
cost, conservatively estimated 000, and the annual loss from 
the withdrawal the necessary lands from occupancy, conservatively 
estimated nearly $600000, would not justified the ground 
flood protection alone. Owing the character the country, 
this last consideration was particularly strong. The only real justifi- 
agriculture would its use irrigation and power, and, became 
necessary for these purposes, doubtless portion would built. 

The most elaborate study this subject ever undertaken until 
very recently was made the French Government, determine 
whether reservoirs could utilized prevent the recurrence such 
great disasters the floods 1856 the valleys the Rhone and 
other streams. full résumé these studies given the author’s 
report already referred Reservoir Sites the Arid Regions. 
The conclusion was the same that has been reached every similar 
investigation. interesting feature the system then considered 
was that the reservoirs were have sluices permanently open 
that would not possible close them entirely. They would 
operate, was expected, hold back definite percentage flood 
discharge—enough keep the floods below the dams within safe 
limits. They would thus act automatically, just forests are sup- 
posed do. This was all right far the individual tributarics 
were concerned, but was found, when the possible effect upon 
tributary combination the main stream was considered, that, 
holding back earlier portions freshets and prolonging their run- 


*Senate Doc. 160, F8th Cong., Session, pp. 14-17. 
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off, they might actually swell the combination the lower courses 
the main stream. 

Similar studies have frequently been made all the principal 
countries Europe, and none them, far the author 
aware, has such project large scale ever been undertaken 
even favorably considered. 

Coming now the Ohio River, the immense importance that 
stream factor the floods the Mississippi makes the regula- 
tion its flow matter greater moment than that any other 
stream. The project controlling the run-off its water-shed 
means reservoirs was urged very forcibly more than years ago 
Colonel Charles Ellet. The subject has often been considered 
since both private and official investigations. The conclusion has 
invariably been that, great the benefits such system would 
existence, the cost bringing into existence would out 
all proportion such benefits. 

The scheme has recently been revived more attractive form, 
with data not hitherto available, and time when period 
heavy floods and much loss therefrom has turned attention 
strongly upon the subject. Moreover, comes supported com- 
paratively new element its favor—the vast expansion water- 
power development made possible the electric transmission energy. 
The new presentation the project Leighton, Assoc. 
Am. Soe. E., Chief Hydrographer, Geological Survey, and 
understood bear the approval both the Interior and Agricultural 
Departments.* Mr. Leighton does not claim that his presentation 

all final complete, but rather “statement possibilities” 
which believes are sufficiently promising justify the Government 
giving the scheme thorough investigation before further extensive 
steps are taken present lines the matter flood control and 
channel improvement the main rivers the basin. Although 
estimate cost submitted and certain conclusions are based there- 
on, stated that the data are too meager give much confidence 
Subject these qualifications, the system, set forth 
Mr. Leighton’s paper, embraces reservoirs nearly all the tributaries 


author has seen the the proposed system only published 
Engineering News, May 7th, 1908. has had some correspondence with Mr. 
Leighton, and under great obligation him for complete set topographic 
sheets showing the various reservoir sites. 
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the Ohio; the total cost estimated the income 
from resulting water power $20 per horse power, and certain 
computed lowering flood heights the Ohio and Mississippi Rivers, 
and corresponding increase low stages, are given. full 
details the scheme are set forth quite elaborate form. far 
the present criticism concerned, the practicability finding the 
necessary sites will accepted, and only the estimate costs and 
revenues and the deductions benefits will called into question. 

their effect upon floods, admitting that all the reservoirs pro- 
posed can built, the result must fall short the claims put forth. 
built all, they must built, will shown later, primarily 
for power development. will never possible, until Science can 
forecast the weather more perfectly than yet able do, reg- 
ulate reservoirs for the maximum benefit both purposes. This 
consideration sometimes made light of, but nevertheless one 
real importance. For industrial purposes the reservoirs should 
full before the rainy season ends; for flood protection they should 
far empty that they may able hold back any flood-produc- 
ing storm that likely come. While, doubtless, majority 
years, middle course could pursued that would not involve much 
risk the flood side the question nor much loss the power 
side, yet there would surely come exceptional seasons—the seasons 
flood-producing rains the seasons great drought—when the 
reservoirs would caught too full the one hand too empty 
the other. Their full capacity would not then available 
for either purpose, and difficult conclude that this would not 
happen frequently. particular, the reservoirs are really operated 
prevent floods, must often happen that dry weather will find 
them only partially filled, and that their full capacity will not 
available either for power navigation. This would not apply, 
course, reservoir great enough store all the run-off from 
its water-shed the greatest known flood, unless considerable storage 
were left over from previous years—as often done the Upper 
Mississippi reservoirs. Mr. Leighton’s estimates are based upon the 
mean discharge the streams, which is, course, greatly exceeded, 
possibly doubled, very wet years. any case would seem 
necessary hold ample capacity the reservoirs late the 
end March each year provide for possible emergencies; but 
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this done there will many years when the reservoirs will not 
fill. 

important consideration the use the reservoirs for flood 
control that proper combination their outflow. any 
one who will try figure out how this can accomplished over 
water-shed such vast extent, with storms arriving different 
times the various portions, with way telling when, where, 
with what intensity they will arrive, with the varying distances 
the different reservoirs from those points where flood control par- 
ticularly important, the problem seems almost impossible—that is, 
impossible realize the full effect based upon the aggregate capacity 
the system. understood that Mr. Leighton has endeavored 
this, but would interesting see the application some 
the great floods that might designated. For example, the 
flood 1907, which reached its maximum Cincinnati and Pitts- 
burg about the same time, amount holding back the storm 
water the Upper Ohio that time would have helped the situa- 
tion Cincinnati all. 

Another important consideration the effect these reservoirs, 
they would have operated prevent floods, the great change 
that takes place flood wave propagates itself down stream. 
The author unable tell from Mr. Leighton’s paper what extent 
has considered it. The paper itself seems indicate that the 
discharge held back particular reservoir produces correspond- 
ing volumetric effect (not gauge effect, course) all points below, 
after making due allowance time for the transmission the 
wave. This would erroneous conclusion. For example, wave 
that might rise Pittsburg from 100000 cu. ft. per sec. 150000 
day later and 200000 the next day, and then fall corre- 
sponding rate, would not any point below produce maximum 
increase 100 000 sec-ft.; and the farther away the point considered, 
the less would the increase. Cairo, nearly 1000 miles below, 
the same wave would take much longer time passing, probably 
not less than week, and the maximum increase would probably not 
more than 25000 sec-ft. This merely general illustration, 
for exact data the subject are not available. The problem 
such complexity that nothing but the results long experience could 
establish rule what might expected any given case; but 
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can stated with certainty that the diminution discharge 
any considerable distance below the reservoirs for given time would 
never great the amount held back the reservoirs the 
same length time, and that, the quicker and the higher the flood, 
the smaller the relative effect all points below. only when 
such wave elimination merges into constant quantity, continuing 
for considerable time, that the full effect reservoir would 
experienced any point below. This, fact, what would actually 
happen the contrary case the low-water season when the reservoir 
discharge kept for long time. 

Still another feature the high-water effect such reservoirs 
the demand for water for power all times. there should ever 
result any really general use for all this water, predicted, then 
the consumption for power would make considerable river itself. 
Now this much cannot shut off any case. Street cars and shops 
must run and houses must lighted whether the flood ruining the 
lowlands not. example this occurred 1905 the Upper 
Mississippi where the outflow from the upper dams was cut down 
minimum reduce the flood the valley Aitkin, which was 
then being overflowed the river. The mill Grand Rapids, just 
below the reservoirs, made strenuous protest and even threatened 
legal proceedings compel the release the full normal flow the 
river. 

Considering all the foregoing features the operation the pro- 
posed system, even every reservoir were built with the ful] estimated 
capacity, would extremely fortunate 75% the predicted 
results, either flood protection aid navigation, could 
realized. 

the matter cost, however, that the weak point Mr. 
Leighton’s system appears. Judged any reasonable standard, his 
estimates are hopelessly wide the mark. The method itself 
getting basis cost inadmissible. For example, determin- 
ing unit cost for that class reservoirs which embrace the greater 
portion the total storage, the figures for nine reservoirs are taken, 
counting one the whole Upper Mississippi system. Only the Mis- 
sissippi system has been built; two others are under construction 
and six are merely projected. accordance with almost universal 
experience, and especially view the great advance prices 


{ 
} 
{ 
| 
t 
| 
; 
+ + 


rs. 


PLATE 
PAPERS, AM. SOC. 
SEPTEMBER, 1908. 
CHITTENDEN 
FORESTS, RESERVOIRS, AND STREAM FLOW- 


Fie. Dam. 


CHEESMAN 


d, | 
en 
ist 
- - 
oN, 
» 


Papers. FORESTS, RESERVOIRS, AND STREAM FLOW 979 


all kinds since these estimates were prepared, must expected 
that these works, ever built, will cost from 50% more than 
the estimates. Three the projected dams are the relatively cheap 
rock-fill construction, which would inapplicable most the Ohio 
dams from considerations safety. 

The controlling element, however, the unit estimate, the 
Mississippi system, whose capacity nearly one-third the whole 
group considered and whose unit cost only about one-seventh 
the average cost the others. The use the Mississippi reservoirs 
any way basis estimate for the Ohio system wholly 
inadmissible because the dissimilarity sites. The Ohio 
with one exception, are dry sites—totally different from the lakes 
Minnesota. Even the latter reservoirs could not now built for 
three times what they have actually cost the Government. The flow- 
age lands embraced about 80000 acres, which were nearly all reserved 
while yet belonging the Government. few recent purchases 
additional lands found necessary, and the experience now being met 
acquiring the flowage rights for reservoir Gull Lake, that, 
these lands were bought to-day, they would cost from $10 
$25 per acre. The right way alone would now cost twice much 
the dams. 

Compare any one these structures—Leech Lake, for example— 
with representative masonry dam like the Cheesman Dam the 
South Fork the South Platte River above Denver, Colo. The author 
familiar with both sites and once submitted plan and estimate 
for structure the Cheesman site almost exactly like the one built. 
Lake Cheesman more favorable site than most those the 
Ohio system, for, although its capacity not great some, the 
dam site exceptionally advantageous, one the most perfect 
Nature—a very narrow gorge solid granite, with natural spillway 
already provided. several the Ohio sites, entire towns will have 
removed, important railroads will have re-located, few 
mineral properties will destroyed, and, nearly all, road systems 
will seriously disarranged. None these conditions were en- 
countered anything like the same extent the Cheesman site. 
Undoubtedly its unit cost, which estimated about $250 per 
1000000 was low can possibly realized the Ohio 
system whole. Compare this with less than for Leech Lake 
for the whole Mississippi system! 
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recent example projected storage that presented the 
late George Rafter, Am. Soc. E., for the Genesee River near 
Portage, Owing. the moderate height dam (apparently 
less than 150 ft.) and the large capacity reservoir (15 billion cu. 
ft.), this believed compare favorably unit cost with the 
Ohio system. The estimate was $216 per 1000000 cu. ft. 
were built under the present conditions the market, would 
doubtless cost $250. understood that later investigations have 
shown that Mr. Rafter’s estimate only one-half large enough. 

1895 the author made extensive examination storage 
possibilities Ohio, near the divide between Lake Erie and the Ohio 
River, for the purpose providing water supply for certain pro- 
jected canals. prepared estimates for two sites the head-waters 
the Cuyahoga, for one site the head the Scioto, and for one 
the head the Great Miami. The estimates were based upon 
actual surveys and are given detail the report upon the subject.* 
The type construction was not expensive. The total capacity was 
11000 million cu. ft. and the cost $300. To-day would 
least $350. 

Most the proposed sites for the Ohio reservoirs are not advanta- 
geous sites. The topography the country unfavorable. The sites 
are not compact basins, like those occupied lakes ponds moun- 
tain meadows, but are, for the most part, trunk valleys with numerous 
tributaries, nearly all them quite narrow. They may roughly 
compared the form the hand with the fingers outspread, the 
dam occupying the position the wrist. The ends the fingers 
are frequently many miles from each other and from the dam. Nu- 
merous villages occupy the valleys. The road systems the local com- 
munities traverse them. The disadvantage that will result public 
travel, forcing out these natural routes over the hills and 
around the ends the fingers, will very great. The lands lying 
between the fingers, some instances, will far cut off from 
convenient access that their value will much impaired, and dam- 
ages will have paid that account. several instances the 
necessary changes railroad alignment the hilly country will 
extremely costly, not impracticable. great many cemeteries will 
have removed, which means, not only the cost removal, but 


*House Doc. 278, 54th Cong., Sess., pp. 78, 86. 
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extensive purchase lands outside. Such drawbacks are, course, 
encountered all similar work, but they are excessive these sites. 
They are mentioned solely from their relation the question 
cost. one can examine the maps these sites and not con- 
that the cost right way and damages alone will con- 
siderably exceed Mr. Leighton’s estimate the entire cost the 
system. 

element affecting cost that safety. Owing the situation 
many these proposed reservoirs, the results failure the dams 
would appalling that chances can taken. The structures 
can made safe, course (except against earthquakes), but will 
cost money. Nothing short the highest type construction 
—masonry for all the larger dams—can considered. Mr. Leighton 
has cited certain dams upon the integrity which great interests 
depend evidence the confidence engineers these structures, 
but will apply their costs, particularly those important struc- 
tures Europe, his proposed system, the money value safety 
will mount prodigious figure.* 

feature this question safety often overlooked the depre- 
ciation the market value property, due its location below 
dam where failure the dam would mean disaster great mag- 
nitude. However safe the structure may be, many people would not 
purchase property below it, and its market would correspondingly 
diminished. While such loss can hardly made subject for dam- 
ages, real loss the owners. 

These reservoirs being built for flood protection, the sluices must 
very large, that times they can discharged practically 
fast the water runs in. This will necessary during periods 
prolonged precipitation order keep the reservoirs from filling 
too full before the danger past. This detail construction will 
add largely the cost. 


*The recent failure the Hauser Lake Dam the Missouri River, near Helena, 
Mont., good illustration how the unexpected may happen. was dam 
built steel and concrete, two materials whose properties are thoroughly under- 
stood. The case was one which might expected handle 
successfully. The public had reason feel confidence the structure. Yet 
fell and great was the fall not only the total wreckage the dam, but 
the lesses caused along the valley below. 

The accident affords also another illustration the omnivorous claims put for- 
ward these days the supposed interests forestry. The disaster was 
cited example the havoc wrought floods country without 
forests. The normal flood discharge the Missouri this point 20000 cu. ft. 
per sec.; for 1907, was 26000 cu. ft.; the maximum record about 
cu. ft. the time the accident the discharge was about 7000 cu. ft. per sec. 
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Taking everything into consideration the most liberal basis, 
evident that this system cannot built for less than $250 per 
cu. ft. The probable increase the value property 
condemned before the system could built, and the present scale 
prices labor and material, make this figure minimum. This 
would swell the cost the whole system over four times Mr. 
Leighton’s estimate, over half biflion dollars.* 

This not all, however. appears that the complete development 
the reservoir system proposed will take from industrial use probably 
1500000 acres land, including the lands actually overflowed, the 
margins subject damages, and sites for the dams and various 
structures thereto. These lands will large part, 
the very fact that they lie valleys suitable for storage grounds, 
the best lands the localities. Sooner later they are bound 
come into agricultural use, and with proper cultivation their annual 
net revenue value will least per acre. utilized for forest 
culture, they ought yield 500 ft. B.M. lumber and cord 
wood annually per acre. The value the land for this purpose ought 
great the figures just given. thus appears that the 
occupancy these lands for reservoir purposes will take from the 
community annual product least worth, and prob- 
ably more. 

The reservoirs will store about 2150 billion cu. ft. water. 
Assume that this can all utilized for water power, with the average 
head 200 ft., giving theoretically about 1600000 h.p. per year, 
1280000 h.p. 80% efficiency. per horse power (the basis 
for this figure will presently considered), the revenue from water 
power will which falls short the loss resulting from 
withholding the sites from productive 

Viewed the light the foregoing exposition, the weakness 
the reservoir scheme, measure flood control for improving 
navigation, once apparent. The question is, Will the ends justify 


*Recent examinations certain sites, embracing nearly 70% the proposed 
storage, indicate that the whole Ohio system will cost least billion 
dollars, and possibly billion and half. 


sanitary feature has not been considered, although one some 
importance. The laying bare large areas reservoir bottoms the 
portion the year, but not matter affecting the 
cost. Neither much stress here laid upon the danger the reservoirs from 
silting up. This not region heavy silt movement. most the reservoirs. 
the process will very slow, and may safely leave distant generations 
task dealing with this problem whenever reaches acute stage. 
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the means? the ends sought could attained other way, 
possibly they might; but they can be, and for small fraction 
the reservoir cost. Consider the estimate, already given, $500 
000000. Take $40000000 and reinforce the entire levee system 
the Mississippi. That will make impregnable—as safe any 
the proposed reservoir dams. Take and revet the banks 
the Mississippi wherever necessary from Cairo the Gulf.* The 
reservoir project does not touch this important matter all. Devote 
whatever sum necessary the protection the bottom lands 
the Ohio basin. Give Cincinnati and Pittsburg each $10000000 
assist local changes necessary for complete flood protection. Devote 
sum navigation such our engineers have never dared dream 
of, and the Government will still save more than Mr. Leighton’s esti- 
mate the whole cost the reservoir system. The more closely this 
reservoir proposition scrutinized, scheme for flood prevention, 
the more impracticable appears. only trade-off best. 
giving perpetual overflow valuable lands save others from 
oceasional and even rare overflow for short periods. Now if, less 
cost, these lowlands can better protected other means, thus 
leaving both the valley lands and reservoir sites open productive 
use, how much better will be! 

the author were venture criticism Mr. Leighton’s atti- 
tude this matter, would that has not fully appreciated 
his responsibility bringing forward again this old proposition 
without fuller consideration its organic defects. This well 
illustrated the opening paragraph his paper, which says: 

“This report will confined statement possibilities. There 
will attempt prescribe methods for treatment each local 
modifying condition that will encountered the prosecution 
the plan here proposed. Such features are merely collateral, and their 
proper disposition matter ordinary engineering.” 

This complete reversal his obligation the matter. The 
reservoir control have long been recognized. The 
the plan well understood. has always appealed the 
popular mind. particular, reservoir control the Ohio floods has 
been for more than years, and its possibilities have 
been investigated. The plan has been uniformly rejected 


*Report, Mississippi River Commission, 1896, 3457. 
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one ground, viz., that scheme for flood control and navigation 
improvement its benefits would not justify its cost. is, therefore, 
incumbent upon whoever revives the scheme come well fortified 
upon this particular feature. must give some study the treat- 
ment “local modifying conditions.” makes difference whether 
can great natural lake like Winnibigoshish and store 
billion cu. ft. water for mere trifle, whether must evict 
whole villages, disturb railroads and highways, absorb valuable lands 
and possibly subject communities serious risk. 'These are the ques- 
tions upon which the success failure the scheme depends. Yet 
Mr. Leighton brushes them aside, were, with wave the hand, 
“merely collateral” features, matters “ordinary engineering” only. 
Here the weak point his project. Weighed the balance 
practical accomplishment, either for flood control navigation, will 
found utterly wanting, and the development the system, has 
always been held, will have based primarily and mainly its 
value for industrial use. For the same reasons that the 
great reservoir system the Far West justified its indus- 
trial value—its use for irrigation—so reservoir system for the Ohio, 
any other rivers, except few unusual cases, must depend 
primarily upon its industrial value—the development power. 

pursuing his criticism further, the author would not under- 
stood “knocking,” current slang goes, the feature the 
reservoir system just mentioned, because, his judgment, there 
one thing the present movement for the conservation our natural 
resources that more important than storing the flood waters our 
streams for power development. stands the same category with 
the preservation and extension our forests. stands even 
surer basis, for Man, either wilfully through neglect, can destroy 
the forests, but can never diminish the smallest degree the power 
running water. great solar engine, perennial and perpetual 
its action. requires aid from Man its production. All 
has utilize it. electricity has unfolded 
its power transmit this energy over great distances, and has thus 
made practicable development which would otherwise have 
impracticable. time water power will replace coal and oil and wil! 
become the one great source power, unless discoveries are made 
which are not now foreseen. The author thoroughly believes 
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oping this power through public agencies and preserving from private 
ownership and control. His present criticism directed not all 
the principle involved, but the extravagant expectations now being 
fostered the possible revenue which the Government may derive 
from such development. 

The quantity power estimated the publications the Geo- 
logical Survey and the Agricultural Department are based upon 
assumption that most engineers will question, viz., that 90% the 
fall our rivers can utilized effective head upon water-wheels. 
This too great figure. The most thoroughly developed river the 
United States, namely, the Merrimac New Hampshire and Massa- 
chusetts, develops only 70% the total head. Taking all the streams 
into consideration, seems hardly possible that more than 50% the 
fall can utilized. When the fall river uniform, even quite 
steep, the cost long canals high dams necessary concentrate 
one point often prohibits development altogether. From altitudes 
ft., the Missouri and Yellowstone, for example, descend the 
sea with total energy possibly 5000000 h.p.; yet comparatively 
little this can developed advantageously. only those 
places where Nature has helped out concentrating the fall cata- 
racts rapids that water-power development commercially profitable. 
low dams, such are ordinarily built lock sites, the head 
often nearly all obliterated during high water. How far storage may 
affect these drawbacks cannot said, but should, course, help 
great deal. The official estimates flow for non-regulated streams 
are based two weeks’ average lowest flow. This may probably 
extended materially with reservoir aid supplementary steam power. 
Possibly the total estimated horse-powér may ultimately realized.* 

When comes the royalty which the Government may receive 
for these water powers, developed private interests, the price $20 
per horse power, adopted the Geological Survey and the Agricultural 
Department, wholly out the question under present conditions. 
Possibly the author does not understand what the figure intended 
embrace. From Mr. Leighton’s articles, the inference has been 


*There has recently been invented device called fall increaser, adaptation 
the Venturi meter, Clemens Herschel, Am. Soc. E., which promises 
utilize the extra flow streams time flood water and low heads increase 
and maintain the head upon the wheels. this invention proves success, 
probable, will immense gain all water powers low head subject 


large fluctuation, would doubtless the case very many those under 
consideration. 
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drawn that wherever the work the Government renders power 
available which was not available before, either building dams, 
lock sites, and thus creating head, storing water which might 
supply powers below with more than they would have without, the 
value the power thus rendered available should return the Govern- 
ment $20 per horse power per annum—an “exceedingly low price,” 
Mr. Leighton puts it.* 

not understood that the Government build the power 
plants, but that this done the interests availing themselves 
the privilege. Estimates undeveloped water powers many 
streams the Atlantic slope, the Geological Survey, leave one 
infer that these powers are considered worth least $20 per horse 
power the Government even without reservoir aid. While 
the statements are not clear what actually meant, the various 
references resources derived the Government from these 
powers lead the above conclusion. would advantage con- 
sidering questions involving these published estimates, the basis 
for this $20 price royalty could made more specific. 

Under present conditions, such can reasonably foreseen, 
such royalty possible except extraordinarily favorable ¢ircum- 
stances. Efforts which have been made derive satisfactory revenue 
from existing powers not justify any such prospect. The many 
and various practical difficulties exploiting these powers are rarely 
appreciated those who have not encountered them actual experi- 
ence. The cost water-power development restricted narrow 
limits, compete with coal. engineer high standing 
whose life-work has been connected with water-power development says: 

advised that, with good coal $2.00 per ton this territory, 
the cost fuel per horse power per annum (300 days hours each) 
less than $8.00 for producer gas engines and for steam power about 
$12.50 large size equipments. many localities coal will cost even 
less than $2.00 per ton, allowing thus still wider margin. now 
consider the usual and unavoidable handicaps and incumbrances 
all water-power installations, such floods, low water, ice-flow, back 
water, have conditions which will make serious study 


for any power consumer determine the balance not considerably 
against water power that particular territory, this time, from 


*“On the Youghiogheny alone. where proposed install slackwater sys- 
tem comprising three locks and dams, expense $600 000, proper development 
storage will insure the production minimum 4100 p., the value 


which, reckoned the exceedingly low price $20 per horsepower year, would 
produce total income $82 000.” 
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purely commercial standpoint. any rate must obvious that 
such rate $20 per annum per horse power can paid the 
Government any power user for the right draw the water only, 
and besides this, stand the expense installing and operating the 
water-plant.” 


Another engineer national reputation says: 

think that general proposition, the suggestion that all 
water powers which the Government consents should pay royalties, 
and especially where the parties own their riparian rights, would tend 
defeat the development most water powers and would certainly 
very much curtail the number water-power developments. 
impressed with these conclusions because the present difficulties 
financing good water-power propositions.” 

Power, May 19th, 1908, article Henry Docker Jackson, 
which critical comparison made between steam and water power. 
this article occur the following tabulated estimates cost 
installation and annual operation, based upon (theoretical) in- 
stallation 1000 h.p. The costs are averages number different 
plants: 

Cost. 


Plant. Steam. Water. 
Building and works.............. $10 000 $77 000 
Turbines and generators.......... 15000 000 
Trans. lines, etc., miles........ ...... 000 
$73 000 $134 000 
CHARGES. 
Fuel, $2.50 per ton.............. 
$21 840 $19 860 
Cost per per year........ $21.84 $19.86 
“Cost 

Steam, 88%. Water, 
100% Load factor............... $24.82 $20.90 
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From the last part these tables, very evident that royalty 
$20 per horse power would turn the scale wholly favor steam 
under all conditions load. fact, reasonably certain that 
per horse power per annum would outside figure, and even 
this would often prohibitory. The situation will not necessarily 
improved the growing demand for power, but rather the 
diminishing supply and increased cost fuel. long coal can 
had for anything like present rates, very great charge can 
realized from water power wherever fuel readily available. Under 
present conditions $120 per horse power may considered 
average limit for first cost water-power plant, compete 
with steam. charge $20 per horse power per annum would 
equivalent doubling this first cost.* 

variable element the cost water-power development the 
distance from plant market, the length the transmission 
line. When this very great, numerous plants the moun- 
tain districts the West, makes large addition cost instal- 
lation and must correspondingly reduce the royalty that could paid 
for the power itself. 

interesting example what the Forestry Service has been 
able this line with unimproved water powers that 
recent permit for the development large power the Cascade 
Mountains within the forest reserve. The beneficiary the privi- 
lege required pay annually for “conservation,” cents per 1000 
kw-hr.—equivalent cents per horse power per year continuous 
running. The right retained the Government increase this 
charge 25% every years for period years, after which the 
whole arrangement may readjusted. The maximum charge the 
end the years will, therefore, not exceed per horse power. 

The only way which rental $20 per horse power can 
obtained with any degree certainty, and that only small pro- 
portion the localities for many years come, for the Govern- 
ment build the plants. admitted that this suggestion will grate 
harshly many ears because its newness and its departure from 


*Mr. cites the Falls the Ohio example opportunity 
develop 110000 aid his proposed reservoir regulation. This, states, 
$20 per horse power interest any one familiar with the 
physical conditions involved the development this power, will appear ex- 
tremely doubtful any company could guarantee deliver continuously this 


amount power, even with the full aid reservoir regulation, and pay any 
royalty whatever. 
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the established ideas. But little consideration will show 
not only the best way for both private and public interests, but really 
the only practicable way. may illustrated concrete 
example: 
The Government has just completed survey and adopted 
project for the construction what known the Lake Wash- 
ington Canal the City Seattle. canal connect Lakes 
Union and Washington with Puget Sound. The discharge from the 
tributary water-shed which will flow through the canal averages about 
1500 cu. ft. per sec. The mean fall the lock site about ft. The 
theoretical energy about 500 h.p., but owing the tidal fluctuation 
and variations flow with the seasons (which cannot wholly elimi- 
nated account the necessity limiting fluctuations level 
the lakes about ft.), and also the requirements for canal 
power, lockage and leakage, was thought that about only 1000 h.p. 
could depended upon with certainty for outside use. this 
power located the heart great city, seemed ought 
turned good account helping bear the cost maintaining 
the Efforts obtain tentative propositions for developing this 
power were, however, wholly fruitless. The plan was then considered 
having the Government build the plant and lease consumers 
power. this basis tentative offer was obtained from respon- 
sible consumer take the plant, operate it, keep all repairs and pay 
the Government $18 per horse-power year. Probably the time the canal 
completed, figure $25 can obtained, and more than 1000 
h.p. will probably developed, likely that the Government will 
receive upward per year for this power—enough pay the 
entire cost operating the canal. The extra cost the project 
adopting the power-plant feature that the revenue will 
nearly 14% upon the expenditure. 

recommending this plan the Department, was pointed out 
that the true advantage the Government, even apart from the 
revenue expected, favored its adoption. It: simplified the whole 
relation between the Government and the consumer. private in- 
terests were build the plant, they would acquire vested rights 
which would always stand the way future control and lead 
should become necessary terminate the arrange- 
ment. With the plant the possession the Government and the 
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users standing simply the relation lessees for limited period, 
without great initial expense their part, and with freedom the 
part the Government control the arrangement without the 
complication private ownership, the whole plan would stand 
simple, practical, business basis. This view prevailed with the De- 
partment and now before Congress for adoption, being possibly 
departure this line. 

The principle involved this case should given general appli- 
addition avoiding complications with private ownership, 
there are other important considerations. When power developed 
reservoir built, should planned from the start bring 
out its full possibilities. private company can rarely this. 
Generally its scheme does not require it, nor its resources permit; 
but site once occupied inferior work may perpetually 
barred from complete development. Moreover, any such work, 
the Government can derive greater benefit than any private indi- 
vidual association. private company must build for the imme- 
diate future; cannot wait long for dividends and can generally 
realize only such application the power possible the 
immediate vicinity. The Government, the other hand, derives 
all the benefits which come from the stored water anywhere its 
course from the reservoir sea. These benefits arise from all the 
powers through which the water flows; from the improvement 
navigation and the prevention floods and from every other use 
which the water can put. Furthermore, the Government build- 
ing for all time, while the individual builds only for the present 
and near future. The case similar that landlord and tenant. 
tenant cannot afford make improvements the farm because 
not his and may remain only short time. The most 
can get out the farm what can its actual condi- 
tion. The owner, the other hand, can put improvements which 
yield him immediate return because holds the property long 
enough realize upon them. with the Government; can 
wait for realization upon its improvements much longer than private 
company. forestry, for example, individual can afford wait 
from three ten generations for crop. Only the Government 
great railroad corporation can this. Likewise, building great 
reservoirs, private company can build for the distant future. 
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only the landlord that can make such far-reaching improvements 
upon his estate. 

Wherever, therefore, there arises any real demand for power de- 
velopment the site any Government work, lock and dam, 
the judicious course would seem for the Government prepare 
comprehensive plan for development capable being carried out 
progressively the market for power may justify. Let then build 
the plant fast needed and lease private agencies under 
suitable restrictions. Likewise, when the building reservoir 
promises obvious utility, and the conditions are such 
make properly subject Government adoption, let the Govern- 
ment build it, utilizing the water its own plants below and col- 
lecting revenue from private plants that may use it. Whenever 
the time construction there direct return sight 
should considered justifiable from Government point 
view. The certain enhancement the future value such util- 
ities and the incidental advantages flood protection and navigation 
make this conservative proposition. 

That difficulties will encountered deriving the full return 
from its work which the Government would entitled cannot 
denied. This would the case particularly wherever ques- 
tion existing power plants pay for the extra water 
they might receive through Government storage. This question came 
before the Mississippi Reservoir Board regard the powers 
St. Anthony’s Falls which derive such benefit from the reservoirs. 
The Board remarked follows the subject: 


may urged that the incidental benefits the reservoirs 
the water-power interests are great, these interests should 
required contribute something the maintenance the system. 
There would doubtless willingness this satisfactory 
method found. But there practicable method 
ing any charge upon the use this water. Where water taken 
separate channel from above dam lock and conducted mill, 
But when must let into natural stream, where mingles with 
the run-off from below, impossible determine what proportion 
stored water the mill may using, enforce its non-use not 
paid for. But, such arrangement not practicable, that fact 
does not argument against the reservoir system. 
long the reservoirs are performing the service for which they were 
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created, every additional benefit derived from them only addi- 
tional argument their favor.” 

These disadvantages will adjust themselves -time. 

Such, the opinion the author, must the basis any great 
reservoir system our country—industrial use. Even the uniquely 
favorable conditions the headwaters the Mississippi, one can 
doubt that the real purpose being served that mill power, what- 
ever the theory upon which the reservoirs were built. The great 
system the Far West being built for irrigation, power and 
domestic supply. the Ohio and other eastern streams, the 
system must rest upon industrial basis and expand only indus- 
trial demands justify. The innovation involved building reservoirs 
with public funds for these uses admitted; but greater 
than was ten years ago build them for irrigation. When the 
author was investigating that subject 1896-97, found wide- 
spread opposition throughout the arid regions against Government 
control irrigation works any way, and his report went 
further than advise the building reservoirs for giving the 
people more water, leaving its distribution exactly was before. 
Yet the short space ten years public sentiment has completely 
changed and, to-day, one questions the wisdom the broader plan 
upon which these works are being carried out. will surely 
regard reservoirs all other parts the country. The prin- 
ciple the same. may accepted that only the General Govern- 
ment can this work the comprehensive way which ought 
done, because only the Government can reap all the benefits: 
only the Government can wait the long periods necessary for full 
returns, and only the Government has the necessary resources make 
expenditures the required scale. These points will not enlarged 
upon, and the many and cogent reasons why this will not given. 
The trend public thought all that direction. The old idea that 
the Government cannot execute great works small cheaply, 
efficiently and expeditiously private agencies fast being dis- 
pelled, and the vast benefits which the people derive from public 
control important enterprises are coming into fuller recognition 
all the time. 

The foregoing remarks should not construed any way re- 
jecting the idea local help states, counties, cities, even private 
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agencies. often happens that public works have special local im- 
portance addition their public value. just and proper 
such cases that local aid given. This principle now fully incor- 
porated river and harbor legislation. For example, the Lake 
ington Canal, which will very great local importance the City 
Seattle, joint enterprise between the Government and the City, 
the latter paying fully one-third the cost. The co-operation between 
the Geological Survey and the several States preparing con- 
tour map the country example large scale. The principle 
ought find extensive application the establishment national 
forests throughout the country. 


CoNCLUSION. 


This paper will closed with some reference the relation 
navigation other uses our streams, and certain legal obstacles 
that stand the way comprehensive measures. That the improve- 
ment our inland waterways should organized upon more 
rational system than has ever been, that the reciprocal relation 
between navigation, water power, should given practical recog- 
nition, above all, that the prosecution these works should placed 
upon the same sure basis the construction the Panama Canal, 
with positive assurance that, when once commenced, funds will 
fortheoming for their prompt completion, would seem admit 
doubt. How far navigation should correlated, improvement 
work, with other uses the streams, open question. Water 
power and navigation are many cases closely related that they 
will have considered together. regard soil wash, such 
intimate relation exists. whatever extent soil erosion 
ceeds that former times, relates almost exclusively cultivation 
and has appreciable influence upon the channels. Its control far 
greater importance agriculture than navigation. This 
also true irrigation, which, far affects navigation all, 
injuriously. the development irrigation ever carried 
the length that hope may be, will cause heavy drain 
upon the low-water flow the Missouri, Sacramento, San Joaquin 
and the Columbia Rivers (not important this stream), the only 
navigable waterways consequence that are affected it. Except 

for this fact drawing water from the streams, irrigation has 
relation navigation. 
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Forestry, irrigation and prevention soil wash are all related 
the conservation the vegetable resources the country. They 
are kindred purposes and should naturally fall under the same admin- 
istrative control. Navigation function transportation, which 
very different subject. Water power becoming more and more 
closely related it, and these two subjects naturally together. 
must not expected that the character works for river regula- 
tion can materially changed means reservoirs, forests soil- 
wash prevention. Levees and bank protection, locks and dams, dikes 
and dredging will continue standard methods river improvement 
the future the past. The accumulated experience centuries 
all civilized countries cannot set aside moment. par- 
ticular, flood protection not likely ever find any complete sub- 
stitute for levees. They have been used extensively the world over 
throughout recorded history. People who think only the Missis- 
sippi and the Po, when levees are mentioned, little understand what 
extent “diking” resorted wherever rich bottom lands have 
guarded against floods tides. Some the finest agricultural 
lands the world are behind levees where almost perfect security 
felt. class river control more extensive use, none 
better understood, and from none has the world, throughout 
tory, derived greater security and benefit. 

Municipalities, like Pittsburg, Cincinnati and Kansas City, must 
look the main their own efforts for protection against floods. 
particular they must reject absolutely the delusive promises 
forestry. These cities are trespassers upon grounds dedicated 
Nature condition overflow. They have occupied these grounds 
and placed themselves the way the floods deliberately and with 
their eyes open. They have gone farther than this, and many 
have encroached upon the channels and have thus made the 
floods worse than they used be. not for them now look 
for outside deliverance, but they themselves should grapple courage- 
ously with the problem. most cases these problems admit, not 
complete solution, least very large measure relief. The 
maxim that Providence helps them who help themselves may also 
apply the Government. Co-operation connection with its regular 
work, either channel improvement the building reservoirs, 
would doubtless given. The disposition which must met and 
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overcome let things they are, trusting blindly chance 
deal more kindly the future. This supineness spirit and the 
enervating reliance upon indefinite future relief through the agency 
the Government must replaced self-reliance, and these great 
industrial centers must rise their own might and free themselves 
from their bondage these ever-recurring catastrophies. Boston, 
Chicago, Galveston, San Francisco, and even that lusty young giant 
the Northwest, Seattle, are examples enough what aroused 
civie spirit can the direction self-aid.* 

The part that reservoirs will play the larger problems channel 
improvement and flood control the great rivers will the 
nature insurance. Every cubic foot water taken from the 
flood and released when the rivers-are lowest pro tanto 
benefit. the great floods the Mississippi can cut down 
much foot through reservoir storage, will immense 
gain; and the same will true the low-water stages can in- 
ft. Whether the much greater results expected 
Mr. Leighton can ever realized question which the future 
alone can determine. 

word, finally, concerning the legal obstacles the way 
broad Government policy looking the development National 
forests and the storage water extensive scale. The expan- 
sion Government work into fields obvious utility often blocked 
the structure our Government through the bar constitutional 
prohibition least lack power. said that the purchase 
lands for the rearing forests for timber alone unconstitutional, and 
that the same true the storage water for any other purpose 
than navigation; and yet, forests for timber and reservoirs for power 
must always remain the justification for public expenditure 
along these lines. the average understanding the distinction be- 
tween things constitutional and things unconstitutional often hard 


*The author not closely familiar with the situation Pittsburg and Cin- 
cinnati, but familiar with that the two Kansas Citys where, 1903, the 
greatest loss that any American city ever sustained the hands 
river flood. speaks from the results careful study the ground when 
states with the utmost positiveness that, for approximately $10 with such 
aid might reasonably expected from the Government the Missouri River 
front, the flood problem the Kaw and Missouri that hive industrial enter- 
prise known the West Bottoms can solved absolutely; the too small area 
these bottoms can increased upward 200 acres; two-thirds the bridges 
the same area can eliminated; that prodigious barrier free movement—the 
Kaw River—can practically removed placed where will not the way, 
and the general situation can improved that the resulting benefits, wholly apart 
from that flood protection, would well the cost. 
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discern. The Government now expending millions storing 


water and conducting upon land whereby the products the soil 
may obtained. applying this water both public and pri- 
vate land, lands that were private ownership when the 
projects began. there any real difference between providing the 
power raise sugar beets, for instance, and that for manufactur- 
ing them into form for human consumption and transporting them 
the consumer? Are not the last-mentioned purposes quite neces- 
sary the first?* And again, there any distinction principle 
between improving river that boats can navigate and improving 
that may provide power that will transport produce land 

Again, the Government has accepted gifts land like the Yose- 
mite Valley and the Muir Redwood Grove, given over the 
enjoyment the people and involving perpetual expenditures for 
maintenance the future. has traded lands its own for lands 
with which has parted ownership. reserves vast areas to-day 
which might private lands to-morrow. What the distinction 
principle between doing all these things and buying outright lands 
that are needed for the same similar purposes? They are distinc- 
tions without real differences. They concern the letter and not the 
spirit, and they cannot stand whenever the interests the public 
really demand their abrogation. 

Still, probably fact that Federal authority buy lands 
for forest culture alone and create reservoirs for industrial use 
exclusively, would considered the Courts transcending the 
power Congress under the Constitution, and this fact that 
forces those who believe having the Government these things 
strain the truth attempting prove that they are necessary 
for navigation and for the prevention floods. enforces policy 
indirection instead permitting these things done squarely 
for their real purpose and matter right. his address before 
the Judiciary Committee, its hearing the Appalachian Bill, Mr. 
Pinchot stated that that proposition must stand fall upon the 
theory that the forests regulate stream flow, and are therefore 
navigation. Did not refer the particular point here under 


*It has even been hinted high judicial authority that the Reclamation Act 
itself would not stand the test constitutionality, brought into Court. 
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consideration—that any other theory the measure would un- 
constitutional? Surely did not mean that the cause forestry 
itself must stand fall upon any such 

Does not this situation suggest the necessity for important 
initial step which shall sweep away these artificial barriers and let 
these great questions stand fall their intrinsic merit? the 
upbuilding new forests, the storing our flood waters, are 
necessary measures for the welfare the Nation, the way should 
cleared for their accomplishment. There may differences 
opinion about amending the Constitution the interest uniform 
laws, popular election Senators and the like, but, 
may judge from the universal agreement upon the particular subjects 
here considered, every State the Union would ratify amendment 
giving Congress the power legislate for the conservation and 
development the natural resources the country. 

The author should possibly state, justice the official body 
engineers which belongs, that the arguments presented the 
foregoing paper are his individual opinions only. not acquainted 
with the views any other officer upon the subjects treated, except 
has seen them expressed official reports the public press. 
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Tra Am. Soc. E.—In many the States the 
Mississippi Valley there are large tracts rich alluvial soil almost 
entirely devoid either gravel stone suitable for building wagon 
roads. Many these tracts are present high state cultiva- 
tion, and all them promise comparatively soon. Some these 
tracts are probably rich and productive any equal area the 
world; and the increasing population the country and the intensity 
the scientific study now being bestowed agricultural operations 
the United States promise speedily increase still further the 
productiveness the soil and thus add the wealth these 
communities. 

The problem securing and maintaining suitable wagon roads 
these districts not simple one, either its political its 
material aspects. There great diversity opinion what con- 
stitutes road suitable for the needs these communities, some 
contending that the earth road meets all the necessary requirements, 
and others that the gravel macadam road economic and social 
necessity. the purpose this discussion call attention some 
the difficulties the case, although the questions involved are 
political, social, and economical, rather than engineering. 

Before considering the subject positively, wise look 
negatively; that say, before trying discuss the problem 


*Continued from August, 1908, Proceedings. 
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one should get clearly mind what not. During the 10-year mr. Baker. 
period beginning about years ago large amount literature upon 

the subject rural road improvement was set afloat newspapers, 
magazines, and reports, and, because this flood, the wagon roads 

the country districts have made less progress the last 

years than any other phase rural life. 


Facts THEORIES INAPPLICABLE. 


About years ago, two three well-organized manufacturing 
interests, order increase the sale their goods, deliberately 
started agitation for better roads, and, unfortunately, committed 
the conduct the scheme those who knew little nothing about 
either road construction the principles economics and 

political action involved any comprehensive system road im- 
provement. The interests back this propaganda were very skilful 
arousing the enthusiasm their followers, who were both numer- 
ous and widely distributed, and attempt was made carry 
storm reform system constructing and maintaining the wagon 
roads the nation. Many politicians and newspapers sought secure 
popularity favoring the proposed reformation, and, consequence, 
wide circulation was given certain facts and theories, which their 
proper field were true, but which when presented without limitation 


were wholly false and entirely misleading. 
These intemperate advocates road reform frequently cited the 
wagon roads England, France, and Switzerland examples 


what the United States could and should do, regardless the fact 
that those countries are abundantly supplied with 
materials, while this country there are areas, greater than the com- 
bined area those countries, which there absolutely road- 
building material. Again, the stone wagon roads those countries 
were built under the stimulus military necessity and commercial 
need, before the advent steam railroads; while the greater part 
this country the railroads have been the pioneers, and now there 
commercial need long lines wagon transportation, except 
perhaps the immediate vicinity large cities. Further, the density 
population, the industrial occupation, and the agricultural methods 
those countries are very different from the methods prevailing 
this. Still again, the method maintaining wagon roads those 
countries, with their dense and poorly-paid population, criterion 
which judge what wise possible this country. And once 
more, the political and social ideals the two sides the Atlantic 
are very different, and make possible certain results Europe which 

are impossible the United States. 
Again, these enthusiasts frequently cite the experiences local 
cities Long Island and New Jersey, within few miles 
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Mr. Baker. New York City, though they were representative rural condi- 


tions general. New York the largest and wealthiest city 
the North American continent, and not wondered that 
the building good roads one means enticing people move 
from the densely populated districts the city into the more health- 
ful suburban regions, and that the influx such inhabitants has 
greatly increased the value real estate; but not all the United 
States situated the bedroom New York City. Some years 
ago the annual report the State Highway Commissioners New 
Jersey contained interesting account road improvement 
Gloucester County, which has been very widely copied and commended; 
but when known that this county just across the river from 
Philadelphia, and that the soil very sandy and the road improvement 
simply enabled truck farmers wagon their produce market, 
seen that this example has but little practical bearing the general 
question rural road improvement. Again, along the eastern shore 
New Jersey there continuous line summer resorts, where 
people wealth enjoy themselves, and doubtless good 
business proposition for such communities build first-class stone 
roads for the pleasure their profitable guests; but their success does 
not prove that truly rural community should follow their example 
and also build expensive roads. The examples the States Massa- 
chusetts and New York hard-road building are frequently com- 
mended the inhabitants the Prairie States the Mississippi 
Valley, but the industrial and topographic conditions these two 
States are not guides for the flat, grain-raising States. The primary 
fault most road reformers has been that, through dense ignorance, 
superficial knowledge, deliberate intention, they have presented 
facts, separate and apart from their limitive conditions, such way 
that the truth becomes falsehood. 

This ill-advised and intemperate road agitation has many cases 
done harm the communities most needing road improvement, since 
form road construction has been advocated which, under most 
conditions, has been entirely impracticable, not ridiculous; and the 
result has been that those who are most interested good roads have 
been most concerned prevent road construction and maintenance 
being made subservient interests foreign those who use the roads 
most and also pay for them; and, result this condition 
affairs, the improvement local roads has not received the attention 
recently that its importance warrants, and has not kept pace during 
the past years with rural development other lines. 

Furthermore, all these road enthusiasts claimed that the only good 
road was hard road; they were also very vehement the assertion 
that nothing could done improve the earth road. many locali- 
ties hard road was politically and economically impossible, and 
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hence the earth road was the only form available; but the assertions Mr. Baker. 
the good-road enthusiasts only serve fix the belief that nothing 
could done improve the roads such localities. 
was the field economics that these road reformers made their 


most glaring errors, produced the most irritation, and aroused the 
most antagonism. this field the farmer was most capable inde- 
pendent judgment. was not much concerned about the lessons 
which the road enthusiast sought draw from European experience 
even from experience along the Atlantic Coast, for the farmer 
knew that social and industrial conditions those localities were very 
different from those the Mississippi Valley, and hence such argu- 
ments made little impression him; but when the hard-road 
enthusiast began tell the farmer how much cost him haul his 
produce market, and how much could save the construction 
hard roads, knew instinctively that the conclusions were ridicu- 


lous, and the continual harping upon these false statistics and absurd 
estimates led him believe that attempt was being made force 
hard roads upon him, whether no, and his attitude changed from 
one indifference one open hostility all road improvement. 

brief examination few the claims these agitators will 


made order see whether not the farmer was justified 
his judgment their truthfulness. would not worth while 
refer this literature except that doing its nature may 
exposed and thus prevent from being used similar discussions 
the future. The speaker will examine three articles—of the most 
reputable parentage—which have been most widely circulated their 
original form, and are most frequently quoted. These articles seem 
have been distributed all the public libraries, and, apparently, when 
any one moved prepare speech road improvement write 
article that subject used plate matter the country 
newspapers, consults such literature. The speaker has seen evidence 


that each the articles about was used recently 
connection with the meetings called secure good-roads plank 


the platforms the two principal political parties. 

these articles 64-page pamphlet entitled: “The 

Gospel Good Roads, Letter the American Farmer,” published 

The League American Wheelmen. The says: 

“From official Government sources find that the farmers this 
the year 1890, had upon their farms draft animals 
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Mr. see you have nearly invested motive power 
perishable, uncertain, and expensive kind. Busy idle, these 
animals must fed and cared for every day. They are boarders that 
you can’t get rid when the busy season over, and stands you 
hand keep them work.” 


The author the above had surely not traveled much, 
would have learned that there were not anything like two and one- 
quarter times many oxen-in this country horses and mules. 
Evidently, where the census report said cattle, read oxen! The 
man refers fellow hard-road enthusiast who “estimates” that 
“bad roads cost the farmer $15 per year for each horse and mule;” 
and that this loss amounts $250000000 per annum. 
next asserts, apparently offhand, that the loss due “wear and tear 
wagons and harness $100 000 000.” then proceeds add together 
the value his draft animals, the alleged cost bad roads, and the 
estimated cost wear and tear wagons and harness, and gets 
total The sum frequently quoted the annual 
cost bad roads this country. 

The above computations are almost good anything Puck. 
Were not some the horses and mules utilized the Think 
the ludicrousness including the value each horse and mule 
the cities (including those then used the street railroads) plus 
$15 determining the cost the farmer bad roads. Isn’t 
cruelty animals make the colt the farmer’s pasture bear the 
burden draft animal; charge the maverick the plains with 
being responsible for part the cost bad roads? The wear 
tear wagons and harness had already been included the precedin 
$250 000 000, the cost bad roads; but extra $100 000 000 nothing 
hard-road enthusiast. course small matter have added 
the value the draft animal the alleged difference its earning 
power good roads over that bad roads! The article makes 
error $2100000 determining $250000 less! But such 
error moment the road reformer! 

There are several other things this pamphlet almost 
leading, but the foregoing item referred here because the 
part most frequently quoted. 

The pamphlet liberally illustrated cuts made 
photographs collected the members the League, showing the 
impassable condition earth roads, and also cuts some the 
magnificent roads Europe. well show picture some the 
hovels the rocks the north end Manhattan Island 
46-story building, representative buildings New York City. 

Second.—The article which has been quoted most frequently one 
published the United States Government, which distinctly 
stated that the cost wagon transportation 1895 was $946 314 
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and that the possible annual saving road improvement $628 000 000. Mr. Baker. 


This article also distinctly asserts that the cost hauling the farm 
crops market $662 000 000, 26.6% their value. 

This report has been criticized detail elsewhere, and hence 
further examination here. With certain class this conclusion 
had great influence, appeared have the weight the United 
States Government, and claimed the result obtained 
answer letters sent agricultural correspondents all over the 
country; but farmers the rich grain-producing areas the Missis- 
sippi Valley, the districts most need road improvement, pro- 
tested loudly against any such estimate. They claimed that, through the 
exchange work and doing their hauling when other work was 
not pressing, the marketing their crops cost them practically 
nothing. 

Ten years after the above report was published, the United States 
Government published the results another and more elaborate 
investigation, which distinctly stated that the cost hauling 
the 1905 market was only one-eighth the 
result the former report! Other Government statistics show 
the crops 1905, the year the last report, were practically twice 
large those 1895, the year the first report; and therefore the 
result the later and more elaborate investigation really only one- 
sixteenth that the first report! other words, the result the 
report virtually admitted have been sixteen times too large! 
_Is any wonder that the farmer was unwilling such 


illustrating the fatality that seems overtake 
“enthusiasts when they attempt compute the cost bad roads, 


rather illustrating their proneness look for excuses for making 
their results larger, the fact may mentioned that the latter 
investigation the author added for the wheat that was 
hauled from the farm the mill, which his own figures equiva- 
lent saying that nearly one-third all the wheat raised this 
country hauled wagons from the farm the mill. 
are hand check this item, but the probability that the amount 
wheat hauled wagons the mill very small proportion 
the total; and hence this correction much too large. 

There are three other errors the above investigation that make 
the too large: The correspondent was asked: 
the greatest distance haul shipping point any considerable 
number The answer was assumed the radius 
the contributing area, regardless the fact that usually, because 
other conditions, produce hauled much farther from 
one direction than from another. This makes the distance haul 
too great. The average weight load was assumed the mean 


1e 
e- | 
Ap 
ak 
| 
— 
an 
a 
yne 
| 


1004 DISCUSSION MAINTENANCE ROADS 


Mr. Baker. between the largest and the smallest, regardless the fact that 
most the farm products market when the earth roads are 
nearly their best condition, and consequently the maximum load 
very much more common than the minimum and not equally frequent 
was assumed. This error makes the assumed average load too small, 
and therefore makes the computed cost marketing farm products 
too great. The price per day team and driver was taken the 
cost hiring team and driver,” regardless the fact that 
hauling secondary employment farmers and that the conditions 
service, cost feed and driver, loss time bad weather, etc., are 
very different for the farmer and the professional teamster. The 
farmer claims that the assumed price per day for team and driver 
much too great. 

The above total, probably least twice too large. 
However, even this sum only $15 each for the farmers 
the United States; and therefore the alleged cost bad roads 
marketing the crops not likely bankrupt the farmer. course, 
only part this sum would saved the farmer had permanently 
hard roads upon which haul; and consequently only fractional 
part this sum available for hard-road construction, only the 
economics the problem considered. Good roads are ad- 
vantage any rural community, but they must defended chiefly 
for other than economic reasons. 

third article referred speech United States 
Senator in.the Senate 1904, which was circulated public docu- 
ment. The Senator also traveled about over the country, apparently 
making the same speech. The speaker heard twice one day 
the same room. The Senator said that farmer owning 100 
acres can get permanently hard roads for tax $20 per year for 
years, provided the State National Government will pay equal 
amount; and then will have three ways which can make 100% 
his investment. The speaker will examine this statement briefly. 

Under the most favorable assumptions, the above tax amounts 
per mile. What kind permanently hard road can built 
anywhere for that sum? What kind road can built for this 
sum the corn belt, where the Senator was speaking and 
where gravel broken stone must hauled about 100 miles? 


The Senator’s first method making 100% the road tax 
follows: 


“The farmer would get least days’ labor, when not engaged 
his crop, with his team $2.50 per day which would amount 
$130, which half, $65, would clear profit.” 

the first place, the tax $100, but the Senator only claims $65 
profit when promised $100! the second place, the farmer and 


the Government together only pay $200, can 65% safely spent 
for hauling the 
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The Senator’s second way paying the road tax was the re- Mr. Baker. 


duced cost hauling produce market. computing the cost 
earth roads virtually counted the cost team and driver $3.75 
per day, even though had just said that $2.50 per day half was 
clear profit! also counted the produce per acre more than four 
times that given the Census. Granting his estimates and 
assumptions, showed profit under this head. 

The Senator’s third way paying the road tax was the increase 
the value All hard-road advocates count both the reduced. 
cost transportation and the increase the value the land, regard- 
less the fact that the second the result the first, and also 
regardless the further fact that hard roads add nothing the 
productivity the soil. 


Tue Errect THE 


Attention has been called some the absurdities three 
the most prominent pieces good-road literature known the speaker 
and, were desirable, could present others which are equally 
startling, although not good parentage. When some callow 
bicyelist writes road reform for his local paper, some auto- 
agent writes roads for trade journal, carriage dealer 
makes speech annual convention, the statements the three 
articles referred are accepted because their authorship, and the 
changes are rung upon their statements without any question 
their truthfulness. Accepting the above statistics and estimates 
true, the drawn that the farmer fool not act 
thereon, and consequently such productions not infrequently bristle 
with opprobrious terms applied the farmer. 

any wonder that the farmer has not been influenced, least 
favorably, such literature? What would the effect the dairy- 
men, the corn growers and the raisers should flood the cities 
with literature calling attention the imperfections street pave- 
ments, and claiming that the metropolitan residents were losing each 
year vast sums money through lack interest the conditions 
the pavements, and should cite noted boulevards and park drives 
the kind pavement the cities could and should have all their 
streets 

Many the advocates hard-road construction have not had 
adequate comprehension the facts and figures they have pre- 
sented, and have greatly underrated the understanding the farmers 
they wished convert. The men who make opinion any 
rural community know that, while good roads may have greatly en- 
hanced the value real estate the bedroom some: great city, 
such conditions cannot widespread. The representative farmer 
understands the difference between the conditions under which 
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labors and those the huckster near large city. Even though 
hard roads may enable farmer now and then rush town with 
dozen eggs, bushel potatoes, perhaps load hay, and 
obtain fabulous price therefor, knows that these conditions are 
exceptional; and also that, any considerable number hard roads 
are built, producers must accept the general level prices. The 
Illinois farmer understands the difference between his State and 
Indiana the matter the proximity road-building material; 
and also understands the difference between the rich, sticky soil 
his own State and that Massachusetts, and believes that the ex- 
perience the Bay State not trustworthy guide for him. 
may add spice the article embellish with pictures showing 
wagons literally half buried mud; but any man with sense knows 
that these conditions are not representative. 

Within the past few years the agitation for hard roads has nearly 
ceased the Prairie States, and, coincident with such subsidence, 
attention has been given earth roads. When the hard- 
road agitation was actively going on, there was little demand 
the farmers’ institutes (meetings the farmers discuss agri- 
cultural for articles discussions road topics; but recently 
there has been large demand for information concerning the care 
earth roads. This very fortunate, for almost, not absolutely, 
universally this country the administration road affairs the 
hands small local official boards, which from the nature our 
form government are likely change frequently. This condition 
imposes well-nigh insurmountable limitation upon any compre- 
hensive and continuous system road improvement, unless the general 
public firmly believes the value the proposed system. Therefore 
highly important that correct information concerning road 
economics, road administration, and road construction should 
widely disseminated. Unless community willing and able main- 
tain the earth roads reasonably good condition, useless 
expect that will willing able support high-class wagon 
road; and therefore the dissemination correct information concern- 
ing the construction and care earth roads politically, economi- 
and physically the first step toward better form con- 
struction. 


The problem the earth road will now considered briefly. 
Roaps. 


Drainage the most important matter considered the 
construction earth roads, since road, whether earth stone, 
can long remain good without it. Water the natural enemy earth 
roads, for, mixed with makes mud makes bad going. 
The rain snow softens the earth; the horses’ feet and the wagon 
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wheels mix and knead it; and soon the road becomes impassable mud, mr. 
which the frost finally freezes, the second state the road being worse 
than the first—for time least. Further, the water allowed 
course down the middle the road, will wash away the earth, and 
leave gullies the surface that must laboriously filled traffic 
repairs. Prompt and thorough drainage vital essential 
all road construction, and particularly for earth roads. 
For road loam clay there are three systems drainage, each 
which must receive attention the best results are obtained. 
These three systems are: (1) underdrainage, (2) side ditches, and (3) 
surface drainage. 
soil which the standing water the 
ground comes any season the year within ft. the 
surface will benefited drainage; that is, the soil does not have 
natural underdrainage, will improved for road purposes 
artificial subsurface drainage. the universal observation that 
roads low places which are underdrained dry out sooner than un- 
drained roads higher land. Underdrained roads never get bad 
those not drained. 
There are three distinct advantages underdraining earth wagon 
roads. 
The most important object underdrainage lower the water 
level the soil. The action the sun and the breeze will finally 
dry the surface the road; but the foundation soft and spongy, 
the wheels will wear ruts and the horses’ feet will make depressions 
between the ruts. The first shower fills these depressions with water, 
and the road soon mass mud. good road cannot main- 
tained without good foundation. undrained soil poor founda- 
tion, while dry subsoil can support almost any load. 
second object underdrainage dry the ground quickly 
after freeze. When the frost comes out the ground the spring, 
the thawing quite much from the bottom from the top. 
the land underdrained, the water when released thawing from 
below will immediately carried away. This particularly im- 
portant road drainage, since the foundation will then remain 
solid and the road itself will not cut up. will 
usually prevent the “bottom dropping out” when the frost goes out 
the ground. 
third, and sometimes very important, object subdrainage 
remove what may called the underflow. some places where 
the ground comparatively dry when freezes the fall, will 
very wet the spring when the frost comes out—surprisingly 
so, considering the dryness before freezing. The explanation 
that, after the ground freezes, water rises slowly the soil the 
pressure the water higher places; and, not 
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Mr. Baker. drawn off underdrainage, saturates the subsoil and rises the 


frost goes out, that the ground which was comparatively dry when 
froze practically saturated when thaws. 

The underdrainage road, not only removes the water, but pre- 
vents, greatly reduces, the destructive effect frost. The injurious 
effect frost caused entirely the presence water, and the more 
water there the roadbed the greater the injury the road. The 
water expands freezing, the surface upheaved, and the soil 
made porous; when thawing takes place, the ground left honey- 
combed and spongy, ready settle and sink, and under traffic the road 
“breaks up.” the road kept dry, will not break up. Under- 
drainage cannot prevent the surface the road from becoming satu- 
rated with water during rain; but the best means removing 
the surplus water, thus drying the surface and preventing the subse- 
quent heaving frost. 

Side side ditches are receive the water from the 
surface the traveled way, and should carry rapidly and entirely 
away from the roadside. They are useful, also, intercept and 
carry off water that would otherwise flow from the side hills upon the 
road. Ordinarily, they need not deep, but, possible, should have 
broad, flaring side toward the traveled way, prevent accident 
vehicle should crowded the extreme side the roadway. The 
outside bank should flat enough prevent caving. the road 
tiled, the side ditch need not very large; but should such 
form permit its construction with the road machine scraping 
grader, instead hand. comparatively level ground, the proper 
form side ditch readily and cheaply made with the usual road 
machine scraping grader. deep, narrow ditch expensive 
maintain, since easily obstructed the caving banks, 
weeds, and floating trash. necessary carry water along 
the side the road through rise the ground, much better 
lay line tile and nearly fill the ditch than attempt 
maintain narrow, deep ditch. 

The side ditch should have uniform grade and free outlet into 
some stream, carry the water entirely away from the road. 
good road can obtained with side ditches that hold the water until 
evaporates. Most ostensible road work positive damage, for this 
reason. Piling the earth the middle the road perhaps 
itself well enough; but leaving undrained holes the side probably 
more than counterbalances the benefits the embankment. road 
between long artificial ponds always inferior, and often impassable. 
cheaper and better make lower embankment, and drain 
thoroughly the holes the side the road. 

Surface drainage the surface road very 
important, and provided for making the surface crowning and 
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keeping smooth. should remembered that water upon the mr. Baker. 
surface the road cannot carried away the underdrains, since 
the water can reach them only after has penetrated and softened the 
road surface. account the puddling the surface when wet, 
the action the hoofs and wheels, and, under the most favorable con- 
ditions, little water will percolate through the surface and reach the 
tile, and, with clayey soil water will thus removed, the slope 
from the center the side should enough carry the water freely 
and quickly the side ditch; and, the surface kept free from ruts 
holes, less crown will suffice than attention given keep- 
ing the surface smooth. there not enough crown, the water can- 
not easily reach the side ditches; and hence the road soon becomes 
water-soaked. Surface drainage chiefly matter maintenance, 
and will referred again under that head. 


eo 


Roaps. 


The most important work maintaining earth road keep 
the surface smooth that the rain-water will flow quickly into the 
side ditches. the surface the roadway properly formed and 
kept smooth, the water will shed into the side ditches and 
little harm; but remains upon the surface, will 
absorbed and will convert the road into mud. all ruts, de- 
pressions, and mud holes are not filled soon they appear, they 
will retain the water upon the surface, removed only grad- 
ually soaking into the roadbed and slowly and 
each passing wheel hoof will help destroy the road. 

There are several machines devices which are very effective 
filling ruts and depressions, and keeping the surface smooth. 
Among these are the ordinary farm harrow, square stick timber 
shod one edge with strip railroad rail, three four 2-in. 
planks with their edges lapped and nailed, the A-drag, which con- 
sists two planks set edge vertically form letter the 
split-log drag. 

The road machine, scraping grader, road plane, cutting 
blade suspended obliquely under frame resting upon four wheels, 
much used smooth the road the spring; but not 
good for this purpose the more simple devices mentioned above. 
heavy, and cannot used until the roads are too dry and hard 
for the most efficient work, and requires four, and usually six, horses 
and two men operate it; while the other devices require only 

two horses and one man, and, used the proper time, are more 
The harrow efficient instrument leveling the road just 
the frost going out, and also smoothing the road the 
Summer when the surface has become rough. 
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‘All the other devices machines act upon the same principle, 
that filling the ruts and depressions and working little earth 
toward the center the road maintain the crown the road 
counteracting the wash the rains. The timber the rail- 
road rail the plank drag drawn along the road with its length 
nearly perpendicular the traveled way, but with the end toward 
the center the road little behind the other. changing the 
angle the cutting edge with the line draft, according the 


PLAN 
SPLIT-LOG ROAD DRAG 


condition the road, enough earth pushed along front 
the ruts and depressions and also work little toward the center 
the road maintain the crown. The A-drag drawn over 
the road with the pointed end forward. Some prefer this form 
drag the split-log drag; but there not much difference either 
way, and, the latter more frequently used, alone will de- 
scribed detail here. 

Farmers different parts the country, for many years, have 
used some these devices occasionally smoothing the surface 
the earth roads; but, all these, none seems have devised better 
form machine been more persistent and intelligent its use, 
have been more successful interesting others its use, than 
Mr. Ward King, Maitland, Mo. Mr. King devised what 
the split-log drag. plan the split-log drag shown 


Fig. and Fig. perspective view. The drag may made 
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from log in. diameter and from ft. long. Mr. Baker. 
light wood, like elm, preferable heavy one, like oak. The 

cross-braces may round square sticks from in. diameter, 

the ends fitting into 2-in. auger holes. board, not shown the 

laid upon the cross-pieces for the driver stand upon. The 

drag may also made two pieces plank in. wide and 
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PLANK ROAD DRAG 

her Fie. 

strip, shown Fig. Fig. the chain shown being 
fastened the rear side the rear plank, which insures that the 
front plank will not pulled off the very 
precaution. 

The drag drawn two horses, and its length should propor- 
han tional the weight the horses. drag ft. long about 


for team 1200-Ib. horses, and one ft. long for two 
horses. The driver rides upon the drag, and varies its effect his 
position upon it. The drag does the best work when the soil 
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Mr. Baker. moist, but. not sticky. the roadway badly rutted and full 


holes, well drag when the surface slushy. 

The use the split-log drag improves the common earth road 
three important ways: First, smooths the road, which facilitates 
the drainage the surface and also gives better surface drive 
upon. Second, the use the drag moves earth toward the center 
the road, thereby increasing least maintaining the crown 
the road, which necessary for good surface drainage. Third, 
the drag used when the surface wet, the earth will puddled, 
and then, when the sun shines, the earth will baked—both 
which will aid materially making the road hard. Another valuable 
result dragging the road when wet the reduction dust, 
for the particles clay cohere more tenaciously and less dust 
produced. 

The cost maintaining earth roads varies with the nature the 
soil, with the weather, and with the degree excellence attained; but, 
number localities, roads clay and loam are greatly im- 


proved expense from per mile per annum, allowing 


from cents per hour for driver and team. The work can 
done the best advantage farmers who drag the road adjoining 
near their own land, frequently happens that there only 
comparatively short time when the soil suitable condition for 
dragging. Fortunately, the best time drag the roads when 
too wet work the field. 


vs. Tax. 


Road reformers usually grow eloquent denouncing the labor tax 
system caring for the public highways, and generally claim that 
the common earth roads are poor only because the method work- 
ing out the tax. little study the facts and conditions will show 
that such claims are wide the mark. 

The labor-tax system regularly used all the States the 
Union except five. one State least (Illinois) the road tax may 
collected money labor the township election may decide, 
and large majority the towns vote favor the labor system. 
The labor-tax system was inherited from England, and survival 
the feudal method requiring all able-bodied men render public 
service. England and France have labor road-tax, but upon much 
less extensive scale than the United States. 

common assume that the labor-tax system all wrong, and 
that its evils would escaped paying road taxes money. The 
labor tax has inherent disadvantages, but many the defects charged 
belong rather defective administration and the system that 
leaves the control the public highways small locally-governed 


community. Public work seldom done economically private 
work. 
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The objections the labor-tax system are: The labor in- Mr. Baker. 


different and inefficient. impossible get the work done 
the most suitable time. The system allows selection the 
laborer. All these are important considerations. 

The reply the above objections usually about follows: 
The farmer willing pay more labor than money, which 
compensates part, least, for the objections the labor-tax 
system. This preference not peculiar the American farmer. 
Franee, the road tax paid money, reduction from 
50% made; but still the people prefer pay labor. 
Farmers not infrequently give more, both labor and money, than 
exacted road taxes, because they are interested better roads. 
road work reasonable wages the most suitable season. the 
tax were paid money, there certainty that the labor would 
any more efficient. Streets are maintained under the cash-tax 
system, but the labor not ideally efficient. The authority that vir- 
tually wastes the labor tax will probably also waste the cash tax. 

The labor tax not necessarily the cause inferior roads, nor 
the system itself the cause improved roads. Townships 
under the labor-tax system often have better roads than adjoining 
townships under the cash-tax system. The one thing absolutely neces- 
sary for road management effective supervision the 
work. Without it, neither system will accomplish much, and, with it, 
either system will reasonably well. 

Many townships have changed from the labor-tax system the 
cash-tax system with marked improvement the condition the 
roads—due chiefly, not wholly, better administration. For 
many these the so-called cash-tax system practically only 
change the method administering the labor-tax system, since 
desiring are given opportunity work out their 
road taxes under the cash system. Under the labor-tax system those 
working upon the roads receive credit their road taxes, while the 
so-called cash system the laborer receives order which accepted 
cash paying taxes. these cases the public sentiment that de- 
manded road improvement secured the change from the labor tax 
the cash tax; and, consciously unconsciously, also secured more 

road administration. 


MAINTENANCE CONTRACT. 


view the ordinarily inefficient system caring for roads, has 
frequently been proposed maintain them contract. Asa rule, work 
done under the supervision contractor who has pecuniary interest 
‘he result more economical than that performed under the direc- 
tion official; but not wise work contract un- 
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Mr. Baker. the amount required can approximately known beforehand, and 


also unless the character the performance can easily determined 
after completion. Neither these important conditions would 
present contract for the maintenance public highway. 
Owing the indefiniteness the amount and character the work 
done, not all certain that the maintenance could 
provided for contract for sum less than the public officials could 
the work under the present system. The inspection would finally 
depend the road official, and the letting contract would in- 
crease the difficulties and expense supervision. 

Under the present system, those who perform the road labor have 
interest the resulting condition the roads, while the con- 
tractor would interested only doing the work for the least 
and therefore the roads would probably worse under the contract 
system than under the present system. 

claimed that the contractor could maintain trained corps, 
and therefore better work than can obtained the present 
system. This would possibly true the amount work done 
were sufficiently great; but statistics show that the amount expended 
upon earth roads only $40 $50 per annum, and large part 
this for bridges, which are built contract, and considerable 
part the remainder for tile and lumber for bridge floors, culverts, 
ete., while additional sum paid for laying tile and for dredged 
outlets, both which usually represent contract work. Thus the 
amount remaining spent for the care the traveled way and 
the roadside quite small; and therefore the ordinary expenditure 
for the earth roads too small justify maintaining corps 
expert road workmen. Further, leaving the road work com- 
paratively few trained attendants would result great waste 
time traveling and from the work. Again, the attendant would 
have many miles road under his care that could visit any 
particular piece only long intervals, and therefore could not the 
work the most favorable time, and could not become intimately ac- 
quainted with the road—conditions absolutely necessary for proper 
maintenance. These objections have less force road expenditures 
and the money concentrated comparatively few 
roads. Finally, large proportion the roads have earth 
gravel surface, and the labor required for their care similar that 
with which the farmer familiar; and therefore not lacking 
the skill required maintaining them. The farmer who travels 
particular road frequently and all kinds weather has more 
intimate knowledge than the man who sees only 
and therefore, for this reason, the farmer best able care for the 
road. Besides, the farmer uses the road more than anybody and 
alone pays for it. 
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The system employing man give his entire time the Mr. Baker. 
road almost necessity with first-class broken-stone roads, the main- 
tenance which requires intimate knowledge and constant attention, 
but the system not applicable earth roads. 
One the most serious difficulties the way better earth 
lly roads that the administration road affairs the control 
officers who are changed frequently and who devote only small part 
their time the roads; and not clear that this difficulty can 
overcome. has been proposed commit the general oversight 
the roads county superintendent, much the schools now are; 
but this plan not very promising. The county superintendent 
schools ean hold examinations determine the fitness teachers; 
but county superintendent roads could not use such method 
the road workers. The county superintendent 
schools can visit each teacher while work, but county superin- 
tendent roads could hardly expect correspondingly for the 
road workers. county superintendent roads could render valuable 
service inspecting highway bridges and preparing plans 
and letting contracts for new ones; and possibly might something 
ts, holding public meetings for instruction and discussion road 
work, but not sure that the farmers could attend, and 
besides this function already performed the usual farmer’s 
institute. 
Another the way any great improvement the 
common roads that much the richest agricultural land—that 
which needs better roads most and which most able pay for 
them—is held non-resident owners; and the men who have opened 
farms and brought them high degree cultivation, are leaving 
them and moving the nearby small town more remote city. The 
non-resident owner not usually interested the improvement 
general conditions that not bring him immediate financial returns; 
and the removal the land owner lowers the general intellectual 
average the rural community. 
With the increasing introduction agricultural machinery, the 
farms have been growing larger and larger and the number resi- 
dents the country has been growing smaller and smaller, and conse- 
quently there are fewer people benefited impfoved roads. 


Within the last few years the extravagant advocacy hard roads 
hes nearly ceased, and, almost coincident therewith, attention has been 


directed the improvement the earth road. This subject con- 
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Mr. Baker. sidered nearly every farmer’s institute, and treated editorials 
and correspondence the agricultural newspapers. Several the 
States have State Highway Commissions which are devoting much 
time and money experiments, public addresses, and the 
preparation and circulation literature the earth road. 

Good roads add the social, educational, and intellectual wel- 
fare the rural community, facilitate freedom intercourse between 
the dwellers the farms and the cities, and thereby contribute 
the progress and stability the country. Therefore, all should 
willing all they can help along the improvement this line. 
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yourselves desert—a desert barren, devoid life that not bush, 
shrub, blade grass, nor even cactus, can seen, nor trace 
animate nature any form; desolation broiling under the pitiless 
intensity semi-tropic sun. Such, seven years ago, was the greater 
portion the Salton Desert, Southern California, and the rest 
was but little better. Its eastern edge was some miles west the 
Colorado River, barren sand hills intervening. was about miles 
wide and 100 miles long, its lower end extending into Mexico. fresh 
water was found within its bounds. Neither man nor beast could cross 
without carrying drinking water. its lowest portion, 287 ft. below 
sea level, was deep deposit salt, showing that once formed arm 
the Gulf California, and that, when shut off the advancing 
delta the Colorado River, the sea-water had evaporated. 

For many years had been dream several men turn the 
waters the Colorado into this desert for irrigation use, but only one 
man kept the fight. Dogged, determined, Rockwood persisted 
his efforts impart men with money his confidence the future 
the desert and the feasibility his plans. 

beautiful relief map the Salton country appeared often 
various publications during the year prior February, 1907, that 
will remembered that Mr. Rockwood’s scheme was take water 
from the Colorado Hanlon’s, about miles below Yuma, Arizona, 


Continued from August, 1908, Proceedin 
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canal the bottom which would far below the river’s bed that 
the water would flow into without the necessity for dam. This 
canal would parallel the river for some miles and then swing away 
from and reach old channel called the Alamo, miles farther 
on. Down this channel, which leads the Salton Sink, proposed 
carry water point, afterward named Sharp’s Heading, some 
miles down stream, from miles below Hanlon’s. Here 
earthen dam was built, the water was raised the surface 
the country, and large system main canals and laterals was 
constructed, which the whole arable portion the desert would 
covered. Some 600 800 sq. miles the lowest part 
salty unfit for cultivation. portion this now occupied 
the Salton Sea. 

For years Mr. Rockwood’s efforts interest capital were fruitless, 
but kept trying, discouraged but not dismayed repeated fail- 
ures. his dreams, saw colony prosperous homes and fertile 
farms irrigated the Colorado’s waters, rich with its fertile silt, and 
named the Imperial Valley. How many laughed him and ridi- 
culed his pretentious name, alone knows. last, after many disap- 
pointments, formed, with some associates, the California Develop- 
ment Company, and conducted water the desert the spring 1901, 
and his Imperial Valley sprang from the arid waste under its magic 
touch. quickly did settlers come, and rapidly was land brought 
into cultivation, that the canal people were their wits’ end keep 
the supply water. The permanent Hanlon’s gate had not been 
built, only temporary heading existed, and the canal lacked several 
feet being down the proposed grade. October, 1904, with more 
than acres land under cultivation and with 000 inhabitants 
the valley, the heading the canal began silt up, and water 
famine was imminent. open cut was made from the river the 
miles below Hanlon’s, and the world-famous Colorado 
resulted. not intended into the details this crevasse, but, 
placed Mr. Rockwood’s position, nine out ten engineers would 
have opened this cut just did—this said advisedly, the speaker 
having intimate knowledge all the facts the case. 

now matter history that this crevasse was twice closed 
and that the second time was held against the greatest flood which 
the Colorado has ever carried. These closures were accomplished only 
after long struggle, extending over year more, and after several 
attempts had failed. The closures were made Cory, Am. 
Behind him had all the resources great transconti- 
nental railroad and the help most efficient corps assistants. 
fought two veritable battles with the river. During their height, lim- 
ited trains were side-tracked and held for hours order that the move- 
ment stone trains might expedited; everything possible was done 
the Southern Company which would hasten the work. 


During all that year, the crevasse and its possible effects Mr. Follett. 
remained unclosed were exploited able writers newspapers, maga- 
zines, and proceedings technical societies, nearly every writer stating 
implying that its closure was impossible with the methods being 
used, and that, unless other supervision intervened, the Imperial Valley 
was doomed. The men the ground said nothing, but sawed wood 
and quarried stone. few their friends had abiding faith them. 
would not admit even the chance failure—too much was 
stake. The potential value the valley runs into the hundreds 
millions. The crevasse was closed, and will probably remain closed. 
If, through some freak the Colorado River, should again 
opened, again will closed. 
The Imperial Valley, with two broad and deep scars across its face, 

where the runaway waters flowed down Alamo and New River channels 
toward the sink and scoured out gorges from ft. deep, and more 
than 1000 ft. wide, still flourishing. time during the existence 
the was any the cultivated valley deprived water except 
li- that portion, some 000 acres, which was west New River, although 
there was imminent danger all the time that certain waste-gates the 
head the Alamo would out and lower the water level such 
point that land could irrigated. well-directed, and per- 
sistent work the face great odds held these gates place. 
Only some 2000 acres land actually under cultivation were 
washed away, 400 acres this being Mexico. 
These two deep channels, from miles apart, running down 
through the lowest part the valley, assure good drainage the irri- 
gated lands forevermore. Before the crevasse, the lands the bottom 
its the valley were danger becoming water-logged. Now they are 
safe from that danger, and this safety alone repays the cost the 
valley the loss area and all other losses. 
Another advantage the valley accruing from these cuts the 
at, improved opportunity which they offer for the generation electricity. 
Holtville, the Alamo, there was power-plant prior the cre- 
vasse, with fall some ft.; this now increased more than 

ft. Calexico, where chance for power formerly existed, there 
now sheer fall ft. the bed New River. evident 
that this opportunity for large production power. The tail- 
ily water, both the Alamo and the New, can picked and used for 
ral irrigation before the Salton Sea reached. 
The valley now booming. Settlers are going the rate 
ti- per month, and the irrigated area increasing rapidly and 
many different places that difficult give correct figures 
this year’s area products. The following statistics are probably 
rather than over the facts. 


There are between 000 and 20000 people the valley, and they 
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Mr. Follett. are watering this season 150000 acres land. They will export this 


year about $3500000 products, besides their home consumption, 
and, while doing this, they will incidentally extending the area 
cultivated land, planting trees, building homes, and largely increasing 
their holdings live stock and personal property. When remem- 
bered that least 40% this area was raw desert land year ago, the 
full extent the twelve months’ work seen. 

haul out this crop, the Southern Company has built 
upwards miles track south Imperial Junction. One smal! 
city, Imperial, and several thriving towns, Calexico, Brawley, 
and Holtville, are found the valley. 

Look this picture and then think the conditions seven years 
ago, remembering that the valley went backward rather than forward 
during 1905 and 1906, and you will begin realize what irrigation 
means arid country. 

Nor the story yet half told. fetish the orange country 
California that oranges will grow only sloping porous ground 
with gravelly subsoil, and was not supposed that they would mature 
the Imperial Valley. Some venturesome man, however, planted 
few trees Imperial, and has seen ripen them the finest oranges 
one ever ate. that the possibilities this valley orange grove 
are great become bewildering. 

Owing the advantage the old Alamo channel, and the oppor- 
tunity offered the rock point Hanlon’s for founding headgate 
bed-rock without dam across the river, the construction this 
enormous canal system has been comparatively cheap, even counting 
the cost closing the crevasse. The only permanent structure the 
system now, outside the river levee, the concrete head- 
ing Hanlon’s. rests solid rock, and its capacity greater than 
will probably ever needed. complete the whole system, with 
permanent structures, and with canals extended cover all the land 
available, will cost, together with the money now expended, less than 
This will cover about 400000 acres California and 
200 000 acres Mexico—say that, all, 500000 acres are eventually 

irrigated. The cost seen $10 per acre. The Reclamation Service 
projects run from $25 $40 per acre. The low cost the Imperial 
Valley scheme due entirely its favorable location. 

Mr. Rockwood’s Imperial Valley longer dream. 
pulsing reality, and growing nearer its name each year. 
years more will veritable empire. 

Lower Rio let go, with the crow, 1500 miles 
south east from Imperial the lower reaches the Rio Grande. 
Here the river has formed delta extending for 100 miles back from 
the Gulf Mexico—a delta rich dark loam, almost unknown 
depth, and exceeding fertility. The rainfall not sufficient 
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mature crop, but enough cover the ground thickly with Mr. Follett. 


jungle arid-land vegetation, mesquit, catclaw and ebony trees, cacti 
many varieties, and grama-, buffalo- and bunch-grass. Along the 
low bottom lands the river are scattered Mexican ranches, where 
crops are raised from the moisture left the ground after overflows. 
These ranches are very old, the Mexicans having lived there for many 
generations. Their livelihood precarious one, because overflow 
means crop, and the river does not top its banks every year. 

The Rio Grande this delta not large the Colorado. Its 
maximum flood discharge Brownsville about 000 cu. ft. per sec., 
compared with 110 000 cu. ft. per sec. for the Colorado Yuma. Its 
minimum flow seldom less than ft. per sec., except rarely 
dry years. This about one-half the minimum the Colorado. Its 
mean low-water flow, which irrigation projects may based, 
from 200 cu. ft. per sec. 

Although this delta lies some 350 miles farther south than the 
Imperial Valley, its climate better. The heat summer tempered 
the Gulf breezes and probably the dense covering vegetation. 
Frosts the winter, and sometimes cold “northers” make 
disagreeable for few days, but generally the winter climate 
delightful. 

has been known for years that sugar cane grows here 
luxuriantly and large percentage sugar. Rice also produces 
bountifully, the ground drained kept free from alkali. 
Alfalfa furnishes six seven cuttings per year, and onions and other 
garden truck make enormous crops. 

Within the past years several different projects have been ex- 
ploited for pumping water from the river and using for irrigation. 
One company taking out gravity canal which reinforced 
pumping during low water. The Rio Grande forms the boundary 
between the United States and Mexico, and all the projects here men- 
tioned lie north the river, the United States. There much 
more land available than water. Mexico entitled half the latter; 
that all the land cannot watered, and the best each side should 
chosen. These delta lands should preferred bench lands higher 
the river, and, the United States, perennial irrigation for, say. 
150000 and flood irrigation for much more the extreme 
which can expected. 

addition raising the crops previously mentioned, may prove 
good grape and nut country, but this not yet demonstrated. 
The frosts will probably preclude the growth citrus fruits. 

With the exception one company whose works, built some years 
ago, were mismanaged and proved failure temporarily, none 
the companies, now putting plants, more than years old. 
none the plants yet completed, this year they are water- 
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Mr. Follett. ing 000 acres, and will water three times much next year, and the 


increase will continue for several years. The water lifted cen- 
trifugal pumps, the lift when the river low averaging about ft. 
Pumps having discharge in. are use. The latter are rated 
throw 000 gal. per min., 100 cu. ft. per sec. Wood oil used 
for fuel, and the pumping done cheaply. 

The amount land now watered comparatively small, but the 
increase will rapid, and the cultivation intensive. There direct 
rail connection with the northern and eastern markets, and hardy vege- 
tables can grown all the year around. 

Last winter this country had veritable invasion home seekers. 
Many bought land, and the boom on, but too soon show such 
specific results does the Imperial Valley. Enough has been done, 
however, prove that will great sugar-producing country, and 
large quantities other products will raised. The “back country” 
for 100 miles north the river the great Texas cattle-breeding 
ground, and there reason why this stock should not fattened 
alfalfa grown along the river instead being shipped north eat 
Kansas and Nebraska corn. The potentiality this section enor- 
mous. Although has lain dormant for generations, the awakening 
has come, and progress will now rapid. Nothing earth can com- 
pare with the wonderful metamorphosis which irrigation development 
produces. 

Both the Imperial Valley and the Brownsville country are being 
developed private capital. The Federal Government has not con- 
tributed the work any way. 

The Rio Grande Rio Grande peculiar stream. 
Its source Colorado high the Continental Divide. first 
runs east and then south through the San Luis Valley, with its 400 000 
acres irrigated land, plateau from 500 000 ft. above sea level 
and surrounded lofty snow-capped mountain ranges several thousand 
feet higher. The river enters New Mexico, still among the snow moun- 
tains, and continues them until passes Santa Fe. the extreme 
northern end the San Luis Valiey there area some 600 
sq. miles—about half mountain and half plain—which contributes 
run-off the main river. The remainder the area above described, 
far south Santa Fe, M., has large snow fall and furnishes 
much water. 

Below Santa Fe, living streams enter the river for distance 
more than 500 miles. There are several torrential channels which occa- 
sionally discharge for short time large volumes water heavily 
loaded with silt. Paso lies near the lower end the middle third 
this strip. From this point its mouth the river forms the boundary 
between the United States and Mexico. 

the lower end this 500-mile section, there enters from Mexico 
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the Conchos River. This torrential stream, discharging occasion- Follett. 


ally enormous quantities water. also has small perennial flow. 
Below the Conchos, the river enters many hundred miles long. 
are numerous springs which, together with the Conchos and two 
three other tributaries, make quite stream. Its maximum 
flood waves are Eagle Pass, where 240 000 cu. ft. per sec. have run for 
hours. Below, the waves flatten out, and the water ponds old 
channels and low ground, that, Brownsville, before stated, 
the maximum flood 000 cu. ft. per sec. The total annual discharge 
here, however, greater than Eagle Pass. The total length chan- 
nel, from its source the Gulf Mexico, measured along its sinuosi- 
ties, about miles. 

New Mexico, along the Rio Grande and its tributaries, exist the 
oldest irrigation works the American Continent which are still 
use. When the Spaniards entered New Mexico, more than 350 years ago, 
they found the Pueblo Indians, living their many-storied towns and 
cultivating the land the valleys, bringing water acequias 
irrigating ditches. Many these are use this day. How long 
these Indians had been there unknown, but they were then old inhab- 
itants. There are these pueblos. The one lowest down the 
river Isleta, about miles below Albuquerque. Below here, 
far down Socorro, ditches were the Spaniards 
early date, but the Jornada del Muerto and the fertile Mesilla Valley 
were the stamping ground the Apache Indians until comparatively 
recent years. The first ditch the Mesilla Valley was built 1844. 
the Paso Valley, below the Mesilla, the Indians were driven out, 
and irrigation began the latter part the sixteenth century. 

These settlements were very prosperous until the early Eighties 
the nineteenth century. Then the large development irrigation 
the San Luis Valley began affect the Rio Grande above the mouth 
the Conchos, and since that time has frequently gone dry and 
remained for months. water reached the Conchos for months 
prior May, 1900. Paso, the river was dry, practically so, 
for 227 days out 365 1902. was practically dry (carrying less 
than ft. per sec.) from January 9th August 8th, 1904—213 
days continuous drouth. this time the record shows “no flow” 

(which means less than ft. per sec. none) from March 
August 8th—161 days. September, 1896, the speaker saw weeds 
ft. high growing clear across the bed the river above the mouth the 
more than 200 miles above Paso and about miles below 
Albuquerque. The river was then dry far north Albuquerque. Its 
flood discharge Paso almost reaches cu. ft. per sec., and 
San Marcial exceeds 000 cu. ft. per sec. The total discharge 
Paso 1902 was acre-ft. 1903 was 1033 000 acre-ft., and 
1905 was more than 000 000 acre-ft. 
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figures show that here torrential stream, and that, 
obtain the best economic results from the use its waters for irrriga- 
tion, they must stored. Fortunately, there exists available reser- 
voir site which can stored acre-ft. water—possibly 
acre-ft. This located about 125 miles above Paso, 
miles west Engle, M., and some miles below San Marcial. 
build dam and the necessary distribution system will cost upward 
The land which this water will used lies the 
Territory New Mexico, the State Texas, and the Republic 
Mexico. The first cost too great for individual capital attempt. 
The diversity interests too complicated for individual corporate 
powers handle. But the Reclamation Service, under the able direc- 
tion Newell, Am. E., can handle it, and has taken 
hold the enterprise. Through the exertions one its best-natured 
engineers, Hall, Am. E., the antagonisms many 
years between the different interests were allayed, and all the communi- 
ties interested are now working harmony. Two Water Users’ Asso- 
ciations, one New Mexico and one Texas, have been legally 
formed, and the lands have been signed under the Reclamation Act. 
All that the land owners can has been done. 

Across the river from Paso lies the Mexican settlement Juarez. 
Many years ago was noted for iis grapes and other fruits, and its 
large crops wheat. The records the old Juarez church show that 
the Acequia Madre was existence and doing business more than 300 
years ago. When the dry river came, the fruit trees and the vines died 
for lack water, and thousands acres cultivated aban- 
doned. The population dwindled fourth its former number. 
The Mexicans felt themselves aggrieved that their water, theirs for 
centuries, the breath their life, the one thing which gave value 
their lands, had been taken from them. The United States Govern- 
ment recognized their moral, not legal, claim, and solemn treaty 
has agreed deliver them, the water stored the Engle 
Reservoir, 000 acre-ft. each year, and has appropriated from general 
funds 000 000 toward the 000 000 required for completing this vast 
Rio Grande project. The remainder will come from the Reclamation 
fund when needed. Thus, this great enterprise under way. 
Already, diversion dam, costing, with its appurtenances, $200 000, 
has been built the head the Mesilla Valley, and now use. 
the Engle site rubble concrete dam, 270 ft. more from bed-rock 
coping, and 200 ft. long top, will, hoped, soon begin grow. 

More than 200 000 acres fertile alluvial land will watered, and 
its products, being the center the arid country and near large 
mining camps, will find ready sale. To-day there attempt made 
irrigate some acres land scattered the long, narrow 

leys stretching from Engle old Fort Hancock, 175 miles down stream, 
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but the result planting uncertain, especially below Paso, and Follett. 
the sparse population has precarious livelihood; but, few years from 
now—it may and may possibly 10—these valleys will teem 
with happy homes. The farmer will put seed into the ground with 
surety that will fructify and return bountiful harvest, because 
knows that the water produce his crop already stored the reser- 
voir the river. His dependence not seasonable showers 
uncertain river flow, but that stored water, and safe. 

This reservoir made large proportion the area irri- 
gated for two reasons: First, succession dry seasons may necessi- 
tate carrying water over for several years. Thus, would have been 
necessary have some the 1896 flow until 1902, order 
have exploited fully the capacity the stream. Second, space must 
given for the deposit silt. While believed that plans are 
developing which will take care all the sand moving the bottom 
the stream and large part the silt suspension, carrying out 
the reservoir, some silt will remain, and extra space must pro- 
vided for it. believed that this reservoir can constructed 
supply 200 000 acres indefinitely, and that silt well water can 
furnished the thus keeping its fertility. 

you all realize what these figures mean? Two hundred thou- 
sand acres does not seem much when you write down, but, when 
you from the East start home, remember that this land were 
strip one mile wide with the railroad through the center, and all were 
irrigated, you would ride for more than 300 miles through veritable 
garden. you were water, and were traveling steamer 
drawing ft., these 000 000 acre-ft. would furnish water for chan- 
nel all the way New York, with ft. under the keel and waterway 
nearly 450 ft. wide. 

This will far the largest artificial lake the world. 
present Indian reservoir, which filled only once years so, 
the largest, with capacity 950000 acre-ft. Then comes the 
Assuan Reservoir, the Nile, which, now constructed, holds 900 000 
acre-ft. completed, the Roosevelt Dam, now being built the 
United States Reclamation Service, Salt River, Arizona, will 
impound 1300000 acre-ft. water, and thus will hold the record 
being the largest artificial reservoir the world, until the completion 
the Engle Dam. 

Few Indian Irrigation Works.—For the sake comparison, let 
recalled that, far-away India, the English engineers have built, 
and are now quietly building, irrigation systems having magnitude 
beside which the largest the United States look almost insignificant, 
far acreage covered, and size and length canals, are concerned. 
The speaker has collected the following information from the 1905 
edition Buckley’s “The Irrigation Works India.” 
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1903, British India, more than acres land were 
irrigated, which about 000 were watered from canals built 
the engineers, and from the funds the British Government. this 
latter quantity, more than 600 000 acres were watered three canals 
taken from branches the Indus, the Punjab. Bari Doab, 
taken from the Ravi, carries 4500 cu. ft. per sec., and waters 850 000 
acres. The Sirhind, taken from the Sutlej, has capacity 200 cu. 
ft. per sec., and, 1903, watered acres. The Chenab heading, 
the river the same name, has capacity cu. ft. per sec., 
and, 1903, served 1600000 acres. Its mean flow during the rainy 
season was more than 000 cu. ft. per sec., and, during the dry season, 
6000 cu. ft. per sec. said have watered one year 000 
acres, much land now irrigated the whole State Colo- 
rado. covers more than 2600000 acres, and cost build about 
$10 000 000, less than per acre. This low cost doubtless partly 
due natural advantages the country and partly cheap labor. 
paid 21% its cost 1903, clear the cost collecting rentals and 
maintenance. 

the Ganges River, the Upper Ganges Canal carries 000 ft. 
per sec. serves not only irrigate 1300000 acres land, but also 
acts feeder the Lower Ganges Canal. The latter carries cu. 
ft. per and, with the help the upper canal, waters more than 
1200000 acres. Water, taken from the river the upper canal, 
carried 180 miles before turned into the lower canal, and then 
travels 240 miles farther before all used. The irrigator the delta 
the junction the Ganges and Jumna Rivers turns his land 
water which has been transported 420 miles artificial earthen 
channel. 

1903, the British Government had spent about 000 
canal systems, average $7.50 per acre for the land actually 
watered. that year, derived average net revenue 6.3% 
the cost. Many systems were operated loss, and will probably 
for many years. They are intended ameliorate famine conditions. 
Two large projects were then approved and funds provided for them. 
These would cover upward 5000000 acres, and are now doubtless 
completed and use. 

Stupendous these projects are, they not mean much pro- 
portion size those the United States adding human 
advancement. stated that the Chenab has made available homes 
for people—or two inhabitants for every three acres irrigated. 
Some the other systems have denser population, and their construc- 
tion has served principally lessen the death rate from famine. They 
have ameliorated the condition the natives, but have not brought 
high civilization smaller enterprises the United States, 
where homes are made, universities founded, churches built, and all the 
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complexities higher civilization set under way. Colorado may mr. Follett. 


seen what years have done reclaiming the desert and, although 
the total acreage less than one-third that watered the Chenab 
alone, vast addition the happiness mankind may observed. 

The Law Prior Appropriation.—In the humid States the old com- 
mon law riparian rights obtains. Every man owning frontage 
upon living stream has the right perpetuity undiminished flow 
it. may use the water any way wishes, for power pur- 
poses, provided does not injure his neighbors above flowing their 
lands, and provided returns the stream below the water practically 
undiminished volume. 

This law will not serve the arid country, where water, taken from 
stream for irrigation, returns more except, some cases, 
greatly diminished volume, seepage. Should the tenets riparian 
law enforced, irrigation would stop. Therefore, new principle was 
evolved from the necessity the situation—the law prior appropria- 
tion. The water all streams declared the property the public 
the State, subject appropriation for beneficial use, and who 
first appropriates all portion the water any stream and perfects 
his claim putting beneficial use, obtains legal property right 
that water. becomes his much the land which uses 
for irrigation, this the purpose his appropriation, and such 
usually is. 

You may own the land both banks stream for miles, and yet, 
should you allow its waters waste, neighbor below you can 
enter your land, locate and build dam and headgate the 
stream, condemn right-of-way for his ditch across your land, build 
it, and divert that water his lands below, and you lose all rights it. 

Where several appropriators take water from the same stream, the 
one who first took must have what water needs, the amount 
his appropriation, before the second allowed any, and the 
list. These rights are determined different methods the different 
States, but they are all called “adjudications.” After stream adju- 
dicated, the water distributed among the several ditches State 
official. 

Thus far, this adjudication has been confined that portion 
interstate streams which lies each State, all rights the State lower 
down being ignored the one above it, but there logical reason 
why imaginary line across stream should give the land owner 
above that line right take the property the man below it, 
whether county, State, international boundary. For, 
irrigated country, the land has value without the water, and the 
property right vests the latter. man’s water taken from him, 
robbed, whether not imaginary line crosses the stream 
supply between him and the robber. 
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There are many ramifications this law, and materially modi- 
fied different States, but the basic principle applies the water laws 
all the arid and semi-arid States except those California. 
There, the riparian theory ostensibly holds, but has been modified 
such extent statutes and Court decisions that unrecog- 
nizable. 

Those interested this phase irrigation will find the subject 
fully discussed “Irrigation Institutions,” Elwood Mead, Am. 
Soe. E.* 


has never seemed the speaker that the storage water for 
the development electrical power and for irrigation together. 
The supply stored water for electrical development must one 
which continuous throughout the whole low-water season the 
stream which supplements. Water stored for irrigation will 
used within comparatively short time. may stored and held 
for several months, even, the case large reservoirs, for years, 
and then all used two three months. This will not serve for 
electrical power development. 

Now, seepage: The seepage return Colorado has been care- 
fully studied Professor Carpenter and others, and exists, has 
been stated. the Rio Grande, however, there seepage return 
from irrigation below the San Luis Valley. that valley there 
small return some places and large loss from seepage others— 
the main Rio Grande between Del Norte and Monte Vista. 
the foregoing paper the speaker mentioned having seen weeds growing 
ft. high across the bed the Rio Grande below Albuquerque, 
September, 1896. During that season, and for 200 years prior that 
time, there had been, the miles the valley the river above 
the point where these weeds were growing, some 20000 acres land 
under cultivation. had been irrigated every year, and still there 
was not one drop seepage return from that irrigation water going 
into the channel the stream. 

The whole Rio Grande Valley alluvial deposit. The river 
most places lies the top the valley, and the water, once taken 
from the stream, never comes back. few days after those weeds were 
seen, the speaker visited point, hundred miles more down the 
river, where there was reef rock which crossed the river bed and 
probably forced the surface all the underflow which might going 
down the stream. When visited, there were about cu. ft. per sec. 
running, the river being dry above that point. 

1903 Professor Slichter, who has measured the velocity 
underground waters various places for the Reclamation Service, 
came attempted measure the velocity the under- 
flow the Rio Grande where runs through “the Pass” just above 


*The above paper was read the meeting ‘June 24th, 1908; the discussion 
which follows was contributed Mr. Follett the meeting June 25th, 1908. 
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that town. There the hills shut the river into space about 350 ft. 
wide, with bed-rock ft. below the bed the stream. 
could not detect any velocity. 

The question naturally arises, What becomes the waste water 
from irrigation and also from overflow? The only answer which 
the speaker can give is, that evidently sinks into the ground and 
held there until evaporated transpired through growing 
vegetation. The material the valley fine sand and alluvium in- 
terspersed with thin layers clay. Water does not percolate through 
any appreciable rate speed. The river torrential stream, 
hecoming dry times, and irrigation goes for only six seven 
months the year. The rainfall in. per annum, and the 
evaporation from pan water about ft. per year plus the rainfall; 
that, between floods and between irrigation seasons, the subsurface 
water dispersed the air such extent that room made for 
the next year’s surplus. 

this has been stated, general economic prin- 
ciple, that water should stored for the development electrical 
power and then used for irrigation, and the inference was that the 
water was stored but once. When the speaker challenged this state- 
ment, was then said that two reservoirs must used, one above 
the power station and another below, and that the lower reservoir need 
only one-third large the upper, provided the system could 
started off with the lower reservoir full. 

After considerable study the problem, the speaker unable 
accept this statement. does not believe that the scheme will work 
practice, especially streams whose perennial flow overappro- 
priated for direct irrigation and whose flood supply, seasons 
small spring flow, overappropriated for storage water used 
later for irrigation. The first condition obtains every stream 
the eastern slope the Rockies, south Wyoming, and the latter 
exists many. the statement concrete example will 
the speaker’s position plainer. 

The Cache Poudre, which supplies the Fort Collins and Greeley 
Country, had deficient flood flow this spring, and, result, the 
numerous reservoirs the plains, holding storage rights flood 
water, were only one-half one-third filled. The full capacity 
these reservoirs always needed August mature the potato 
crop and irrigate alfalfa. 

Now, with these conditions existing, assume that large reservoir 
been built the stream the mountains for power storage and 
had been filled with water during the spring 1908. Under the law 
prior appropriation, this water would the property the reser- 
owners the plains, their reservoirs were unfilled. The 
power company would need the water supplement the low-water 
flow the stream throughout the whole period small flow. 


Mr. Follett. 
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This period runs from the latter part June early July until 
February March, and the draft for power the mountain reser- 
voir should proportioned, month month, make the water 
last for the seven eight months during which may needed. 

Owing the shortage water, all the plains reservoirs become 
empty August, and crops are suffering and dying for want water. 
The power reservoir filled with water 70% more its 
capacity. This water, had not been stored there, would have been 
held the plains reservoirs and would have been used toward saving 
the crops. Under these conditions, almost certain that the Water 
Commissioner for that district would compel the power people turn 
that water loose, and let all come down the stream two three 
weeks’ time. September 1st the reservoir would dry, and the 
power plant would crippled for the next six months. small 
secondary reservoir would any material service. 

may claimed that this exaggerated case. Perhaps is, 
but illustrates clearly the speaker’s position, and one which may 
be, and will be, approximated any stream the Gulf drainage 
from the Continental Divide. 

Where power plants are developed with the storage flood waters 
not already appropriated, their operation will result increasing the 
perennial flow the stream below their wheels and will benefit 
irrigation. desired store the flow from the plant after the 
cropping season over, for use the following year, this can done 
reservoir sites can found; but the speaker would consider this 
entirely distinct development independent the power plant, and 
one which would properly undertaken those benefited 
the storage and not the power company such. 

conflicting ideas the matter return water; but, some extent, 
they can explained quite satisfactorily the light what known 
the absorption water various kinds plants, and the variable 
amount evaporation from different soils. may suggested that 
the Rio Grande Valley the quantity water spread upon the land 
has not been sufficiently great leave any excess over that needed 
the vegetation and that evaporated directly from the soil; whereas. 
other localities there may much difference the situation 
that the demands these two agencies for water have left some over 
fill the subterranean basins, and that possibility may account 
for the difference the return water from the several drainage areas. 
may even happen, time goes on, the soil sufficiently 
that part the water used for irrigation purposes the Rio Grande 
Valley will return the streams. 


Follett has stated that the development 
electric power may greatly restricted, entirely prohibited, many 
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ntil sections the arid region, because the with irrigation. Mr. Finkle. 
ser- bases his conclusion the conflicting nature the uses water 
streams for irrigation and power. true that water for irri- 


gation must available during the months seeding, sprouting, and 
growing, and that must conserved during the remainder the 
year. Usually, five six months each year cover the irrigation 
season, and these are during the spring and summer. Throughout the 
arid West the only exception this the sections Southern 
California where citrus fruits winter fruits and vegetables are 
grown. For these crops sometimes becomes necessary irrigate 
every month the year, during seasons deficient rainfall, “dry 
years.” 

the other hand, water for power purposes must continuous 
throughout the year; must, fact, more plentiful autumn and 
winter because days are shorter and more power consumed for 
illumination. 

The mountain streams suitable for developing power have their 
greatest flow summer, usually become very low the fall, and attain 
their minimum flow winter. This arrangement favorable 
irrigation, except when the snows melt rapidly cause great 
floods the early spring and during the summer growing 
season. 

such streams are equalized, make their use profitable 
for the development power, the effect will two-fold, far 
The large floods may stored reservoirs 
and released when the stream naturally discharges less water than 
needed operate the power-plant. This does not interfere with irri- 
gation. Or, the power development planned larger scale, 
necessary store some the normal spring and summer flow 
regulate the streams higher flow during the minimum months. 
This will interfere with irrigation unless measures are taken return 
the water thus impounded—when necessary for irrigation—at 
some subsequent time, and will then have equal value for that 
purpose. 

Such result can accomplished the use secondary storage 
below the tail-race the power-plant. This will amount double 
storage for part the water used the power-plant. 

illustrate: For stream having discharge 200 300 
cu. ft. per see. during May, June, July, and August, and dimin- 
ished flow, low cu. ft. per sec., during December, January, 
February, and March, necessary store water the head- 
waters, regulate give flow not less than 100 cu. ft. 
per sec. during the whole year. the storage available and 
accomplishes this, the surplus over 100 cu. ft. per sec., which 
demanded continuously for the power-plant, must stored during 
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Now, all the water required for 
irrigation during these months, clear that the storage any part 
will interfere with its use for that purpose. will necessary, 
therefore, construct another reservoir, some point below the tail- 
race the power-plant and above the intake the irrigation canals, 
means which the water used the power-plant can im- 
pounded during the non-irrigation months, and released during the 
following irrigation season. This called secondary reservoir, and 
the purpose accomplishes called secondary storage. After 
once filled, its operation effectually prevents any conflict between the 
power and irrigation interests the stream. This operation merely 
consists releasing contemporaneously from the secondary reservoir 
the same quantity water that taken fill the reservoir above the 
intake the power-plant. 

During the months low flow the stream, the secondary 
reservoir again filled from water passing through the power-plant, 
which that time not demanded for any other purpose than that 
generating power. Thus the process becomes endless chain, 
which the natural flow the stream maintained for the benefit 
irrigation, and the same time regulated for use required 
the power-plant. 

difficulty and interference with irrigation need anticipated 
when first filling the secondary reservoir, this may done from 
water flowing during the non-irrigation months, while the power-plant 
being constructed. 

There are examples power-plants, where this method used 
harmonize the interests users for power and irrigation the same 
stream. 

illustrate this the speaker can refer those plants the 
Edison Company, Los Angeles, Mill Creek, San 
Bernardino County, California, known “Mill Creek No. and 
“Mill Creek No. 3,” which designed and constructed for that 
company many years ago. 

The entire flow Mill Creek used for the irrigation valuable 
citrus orchards near Redlands, These water rights are among 
the oldest the State, having been appropriated the Indians for 
the irrigation their gardens and corn fields sometime before 1826. 
They passed later the Mexicans and from them the Americans, 
being the present time valued high $100000 for each cubic 
foot per second perpetual flow water. 

The use the water for power would not profitable unless 
regulation some kind storage could accomplished, because the 
flow the stream extremely variable and not adapted the load 
curve obtainable for power-plant. Yet storage could permitted 
which would alter the natural discharge the stream without in- 
fringing these very valuable irrigation water rights. 
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The problem was solved constructing primary reservoir above Mr. Finkle. 
the head the force main for the upper From this 
reservoir the water used through the upper plant, under head 
1923 ft., and then through the lower one, under head 530 ft. 
Below the tail-race the lower plant and above the point diversion 
the “Mill Creek which the main conduit the irrigation 
system, the secondary reservoir. means this reservoir 
the stream regulated back its natural flow. 

This system has been operation for many years, and has worked 
injury has resulted the irrigators, and the power- 
plants have not been hampered conflicts over vested irrigation 
rights, nor deprived the water required for their business. 

Acting the same principle, the Eastern Colorado Power Com- 
pany now constructing power-plant Middle Boulder Creek, 
about miles from Denver. connection with this development, 
storage reservoirs the mountains are being constructed impound 
water summer, which will turned through the conduit the 


power-plant for use winter, when the natural stream flow wholly 
insufficient. 


order that the water used for power winter may not taken 
away from land requiring its use for irrigation, the company 
preparing build secondary reservoir below the power-house. 
means this reservoir, what has already been explained will 
accomplished, namely, re-storage the water used for power winter 
and its use for irrigation during the following summer. 

report has been made for similar power development for the 
Eastern Colorado Power Company. This the Big Thompson 
River, and also the eastern slope the Rocky Mountains. Several 
excellent reservoir sites the mountains are available, and locations 
for two power-plants below these have been recommended. For 
secondary storage, Boyd Lake Reservoir, referred Mr. Anderson, 
has been selected. This reservoir has been practically completed 
Mr. Sanborn, Greeley capitalist, who has given option 
portion its capacity used the Eastern Colorado Power 
Company secondary storage connection with the Big Thompeon 
power projects. 

The principles thus applied practical use are necessary carry- 
ing out power projects the eastern slope, Colorado. The 
streams flowing from the eastern slope the Rocky Mountains are 
either completely used for irrigation, the demand the future 
great make their conservation for this purpose necessity. 
apparent, therefore, that power-plants this region must planned 
with double storage. 

Time has only: permitted discussion the general principles 
involved, but may well added, that the secondary storage need 
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Mr. Finkle. not large the primary. This detail which must care- 


fully worked out from the data presented each individual case. 

Mr. Newell has referred another very important matter for the 
irrigation engineer, that concrete work failing under certain 
conditions. 

instance this was observed about years ago, Santa 
Barbara, Cal., where concrete pipe became completely disintegrated. 
The pipe was made originally from the best hydraulic cement, 
all carefully tested, and the aggregates were the best quality sand 
and gravel. The workmanship was the same similar pipes which 
have been used for more than thirty years and are apparently un- 
affected time. Investigation revealed only one possible cause for 
failure: The soil which the pipe was laid contained iron pyrites, 
which decomposition produced sulphuretted hydrogen, and the pre- 
sumption that this affected the cement. 

similar failure concrete pipe occurred Cucamonga, Cal., 
few years ago. The pipe had been properly constructed, and was laid 
swamp. Examinations the soil and water revealed only one 
theory which the softening the concrete could explained. 
The conclusion that decomposition and fermentation the vegetable 
matter the swamp produced carbon dioxide, which caused the 
trouble, seemed inevitable. known that carbonic acid gas has 
strong affinity for lime, and supposed that its combination with 
the lime the cement produced carbonate lime. The cement 
the pipe had become soft, and resembled tale, mixture clay 
and limestone dust. all appearances, had returned the state 
which was found before was burned into cement. 

Cement supposed one the most indestructible materials, 
and yet cannot used under all conditions. 

well known that steel, iron and wood must used with great 
discretion order build works permanent character. Re- 
ferring wood, and particularly material for water pipes, 
interesting recall the paper* Arthur Adams, Am. Soc. 
E., regarding the water-works Astoria, Ore. 

The case cited Mr. Adams one several where wooden-stave 
pipes have been unsuccessful, while there are many other instances 
which they have been entirely successful. The failure Astoria 
undoubtedly due the large quantity vegetable matter the 
soil, which makes “muck” soil. This conclusion borne out 
experiments made elsewhere learn the effect wood soils where 
large quantities vegetable matter are undergoing decomposition. 

Among some the wood-stave pipes which have proven 
are those the Denver Union Water Company. The 
soil which these pipes are laid only slightly alkaline with 
Transactions, Am. Soc. E., Vol. LVIIL, 65. 
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chloride and sulphate sodium, there being carbonate sodium. Mr. Finkle. 
The pipes are also under heavy pressure, which favorable long 
life maintaining complete saturation the wood. 

These matters are referred merely for the purpose showing 
the grave responsibility resting engineer when selects ma- 
terials for use construction work. 

The discussion Professor Carpenter alkali also matter 
much importance irrigation engineer. does not necessarily 
follow that all land containing alkali, even considerable quantities, 
useless. The most common forms alkali California are sul- 
phate sodium and chloride sodium. These are not harmful 
the growth many crops, and some such alkaline land, for example 
the great Imperial Valley, extremely productive and valuable; 
but important know that necessary cultivate such land 
with intelligence, after brought under irrigation. Instances have 
been observed where such land has been heavily fertilized with manure, 
where has been plowed, turning under large amounts vegetable 
matter, and then irrigated. Invariably, this results fermentation 
and the production acid gas the soil. carbon di- 
oxide has greater affinity for sodium than either sulphuric acid gas 
chlorine, the sulphates and chlorides sodium are converted into 
carbonate sodium, which very destructive alkali and renders the 
land worthless. 

Alkali land which may thus impaired should cultivated with 
little humus for fertilizing possible, and should not over- 
saturated with irrigation water, but kept dry possible, consistent 
with the production crops, and must all times well cultivated 
order aerate the soil. 


4 
5 
f 
q 
7 


Mr. Davis. 


Vol. XXXIV. SEPTEMBER, 1908. No. 


AMERICAN SOCIETY CIVIL ENGINEERS 


INSTITUTED 1852 


PAPERS AND DISCUSSIONS 


This Society not responsible, body, for the facts and opinions advanced 
any its publications. 


CURVE RESISTANCE WATER PIPES. 
Discussion.* 


During the past six months some experiments curve resistance 
water pipes have been made, under the writer’s direction, the 
Hydraulic Laboratory the University Wisconsin. description 
these experiments and discussion the results are given the 
hope throwing some additional light the subject. 

The experiments were first undertaken the spring Messrs. 
the College Mechanics and Engineering. They were continued 
during the summer school session Messrs. Coleman, 
Kehr, and Reynolds. Credit due these gentlemen for the 
diligent care exercised making the observations and most the 
computations. 

The apparatus, which forms part the equipment used 
regular course instruction experimental shown 
Fig. 14. The pipes, marked “Pipe No. and “Pipe No. 2,” were 
lap-welded pipes iron steel, and were new the beginning 
the work. The nominal size was in., but the actual internal diameter 
was all computations velocities, ratios radius 
diameter, the actual diameter was used. The piezometers, 
shown Fig. 14, consisted four holes drilled through the pipe 

*This discussion (of the paper Ernest Schoder, Assoc. Am. Soc. 


B., Proceedings for May, 1908), printed Proceedings order 
that the views expressed may brought before all members for further discussion. 
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walls, 90° apart, and communicating with equalizing chamber, Mr. Davis. 
which led the gauges, and from which accumulated air could 
allowed escape. Water differential gauges were used measure 
the loss head. The water was measured galvanized-iron tank 


cu. ft. capacity, and the time was observed with stop-watch. 
During the spring experiments the length pipe between the drum 
and the first piezometer, marked Fig. 14, was only ft., and 


while calibrating Pipe No. this distance was only ft. was 
believed that normal flow the pipe had not obtained short 
distance from the rounded entrance the pipe, therefore, the 


summer experiments, the length, was made ft. 


Gauge 

To Gauge 

Pipe No.1. 

Gauge 

E DETAIL OF 

Gange PIEZOMETER RINGS 


Calibrated Tank 
14. 


The loss head due friction the straight pipes was deter- 
mined for both pipes before the baffles, shown Fig. 14, were placed 
the drum. second determination was made for Pipe No. after 
installing the baffles, and change was noticed the friction loss, 
but the gauges were steadier. the completion the spring work, 
the friction loss was again determined for both pipes. Only slight 
difference was noticed, due probably rusting the pipes. the 
completion the summer work, the friction loss was again determined 
for both pipes. This determination gave loss head per foot length 
pipe equal 

0.00240 
The loss per foot was the same both pipes. The results the 
friction loss determinations are plotted logarithmically Fig. 15. 
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Mr. Davis. Only the curve representing the last determinations was drawn. 
seen from Fig. 15, line through the points the earlier 


determinations would have had flatter slope and would have lain 
above the one drawn, velocity about ft. per sec., 
which point the lines cross. believed that the effect rusting 
would have raised the line instead lowering it, and the lower values 
the friction loss are believed due steadier and more normal 
flow the greater distance from the drum. All the curves having 
ratio radius curvature diameter pipe equal greater 
than were experimented under the improved conditions; more- 
over, during all measurements loss due elbows, the nearest 
piezometer was ft. from the drum. was thought, therefore, that 
the nearest estimate the friction loss was obtained using the 
curve drawn Fig. 15. Any errors due uncertainty regarding the 
value the pipe friction would small, and would only affect the 
short-radius curves, the losses which are large. 

All the curves experimented made turn 90°, and had radii 
curvature given Table 11. 


TABLE 


Internal 
No. Description. diameter 

Cast-iron, long-turn, drainage elbow.......... 1.150 


Nos. inclusive, were standard fittings purchased from the 
Crane Company. No. was cast from pattern made the shop 
the mechanician the Engineering College. Nos. and were bent 
from 2-in. pipe the University blacksmith. 

Drawings Elbows Nos. inclusive, are shown Fig. 16. 
No. was similar Nos. and the only difference being the 
longer radius curvature. Nos. and were fitted with ordinary 
flanges, attempt being made obtain flush joint. 

While experimenting the loss due the curves, the loss 
head was read three separate water differential gauges; the first 
being Piezometers and (Fig. 14); the second 
between Piezometers and and the third between Piezometers 
and The results show that the curves caused great increase 
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Section Last Determination. 
0.15 First 
Second 
After Baffling. 
First Determination. 


1039 


Loss Head, Feet per Foot 


2-INCH WROUGHT-IRON PIPE 
LOGARITHMIC PLOTTING 
FOR 


STRAIGHT SECTIONS 


Velocity, Feet per Second. 


15. 


Mr. Davis. 


0.20 

0.10 

ent 
0.01 

0.005 


Mr. Davis.loss head Sections B-C and C-D, but none Section D-E, even 
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the case the tee which caused the greatest total loss head. 
Therefore, safe conclude that, reading the head between 
Piezometers and the entire loss caused the curves was in- 
cluded. The results were all worked this basis. 

summary the data given Table 12. value 
which represents the actual mean velocity the pipe, the average 
for several runs taken under identical conditions, except for very slight 
variations flow due pressure changes the supply mains. Like- 
wise, the value H,, which represents the loss head between Piezo- 
meters and the average for several runs, the gauges having 
been read from five ten more times during each run. 


discussing the results experiments curve resistance, con- 
fusion may arise account the many ways which the problem 
may Professor Schoder has presented his results 
worked two different bases. The results the writer’s work 
were studied five different bases, and the results are compared 

Case A.—In Case the writer has assumed that straight pipe, 
the friction factor which already known, bent into 
curve some given radius, and desired know how much more 
the loss head will than the straight condition. This the 
basis comparison used the author Figs. and and the 
plotting Mr. Brightmore’s experiments Fig. 13. This case may 
have practical bearing connection with such flexible pipes fire 
hose. this case the desired data were secured deducting from 
the total loss head, shown the gauge readings between Piezo- 
meters and such amount would obtained multiplying 
the actual center-line length, measured along the curve between and 
the loss head per foot straight pipe the given velocity, 
taken from Fig. 15. The results such computations are plotted 
logarithmic cross-section paper Fig. 17. will seen that such 
plotting gives straight line for each pipe curve, least for veloci- 
ties greater than ft. per sec. Unfortunately, the lines are not parallel, 
which indicates that the radius curvature the bend, 
terms pipe diameters, has some effect the exponent 
formula the form 


H, =m 


where the excess loss head considered this case. From 
Fig. 17, the curves marked Figs. and 19, have been prepared 
reading off the values where the various lines cross the lines 
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ELBOW No. 


ELBOW No. 


TEE No. 


16. 


ELBOW No. 


Mr. Davis 
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TABLE 


First Determination |Second Last Determination First Determination Determination Last Determination 
Friction. Friction. Friction. Friction. Friction after Baffling. Friction. 


Loss Loss Loss Loss 

feet feet per feet feet per per fee feet feet per feet per 


pipe. pipe. 


BD DS DW 


Loss 


Velocity, Loss Velocity, |Loss Velocity, Velocity, Velocity, 


feet feet between feet feet feet 


0.1512 0.1348 


0.4785 
1,8214 
2.1516 


0.5960 
2.0407 
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Velocity, Feet per Second. 
Fia. 17. 


2.00 
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Mr. Davis. seen that right-angled turn, such tee, gives loss head 
5.6 ft. under 15-ft. velocity. the radius curvature, in- 
creases from the value given the tee, the loss head the given 
velocity very rapidly decreases, reaching minimum when ap- 
proximately equal four diameters the pipe. The curve then 
apparently rises maximum about eight and then 
probably drops off again gradually. Unfortunately, the pipes tested 
did not have the proper radii curvature fix absolutely the mini- 
mum and maximum points, nor any points beyond 10d, and the 
portions the curves the right the latter point have been merely 


Velocity=15 Ft. per 
Angle 


Loss 


Fia. 18. 


sketched in, accordance with the writer’s estimation their direction, 
based Mr. Brightmore’s curves shown Fig. 18. Perhaps these 
curves should rise more, indicated the Detroit experiments. 

Case B.—It may times desired know the loss head occa- 
sioned curve pipe line, without regard its length what 
effect variation its length may have the total friction loss 
the system. not possible measure this loss 
placed the two extremities the curve, because considerable part 
the curve loss occurs the down-stream tangent. curve dis- 
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charging into the air its down-stream extremity will not develop Mr. Davis. 
the resistance that would with piece straight pipe beyond; but, 
observing the actual loss between two points, and Fig. 14, 
and deducting from the loss normally occurring length 
straight pipe equal the length straight pipe actually existing 
between and the loss, defined this case, will obtained. 
The loss head for this case plotted against the velocities 
cross-section paper Fig. 20. will noted that the 
lines for the curves different radii are more nearly than 
those Case From Fig. 20, the curves marked Figs. and 
19, have been prepared the same manner was pre- 
pared from Fig. 17. will remembered, from the definitions, that 
Curve gives the total loss, while Curve gives only the excess loss 
over what would occur equal length straight pipe. The 


Velocity=5 Ft. per Second 
Angle Tangents 90° 


Loss Head, Feet. 


Radius Bend, Diameters. 
19. 


vertical intercepts between Curves and therefore, must equal 
the loss head length straight pipe equal the length 
the eurve The straight lines, Figs. and 19, give the friction 
loss the respective velocities ft. per sec., and ft. per sec. for 
various lengths pipe expressed terms diameters pipe. The 
ordinates this straight line are equal all points the vertical 
between Curves and Curve will never fall below the 
straight line, for does not seem reasonable suppose that the 
loss any curve can less than the loss equal length straight 
pipe. Curve has been drawn too low too high, beyond the 
point where 10d, then Curve also too high too low 
equal amount. 

This case mentioned Professor Schoder one which the 
various are introduced between two fixed lengths pipe. 
has not much practical value, but discussed here because shows 
the relation Curve and the other curves described. 
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Case C.—In this case will considered the losses 
pipes consisting straight part and curve, the total lengths 
the same all, but the lengths straight part vary inversely 
the length curve. The amount straight pipe included 
must chosen arbitrarily. The writer has used length equal 
pipe diameters when the length the curve zero. Then, when the 
length the curve equal pipe diameters, the length straight 
pipe included will equal zero. Curves Figs. and were most 
easily plotted simply adding the ordinates Curve amount 
equal the ordinate Curve the 20d point. That is, Curve 
represents the sum the loss due friction diameters straight 
pipe, plus the excess loss the curve, over the loss equivalent 
length straight pipe. Curve might have been plotted also add- 
ing the ordinates Curve the friction loss due the various 
lengths straight pipe required make the total length pipe equal 
diameters. These lengths are given Table 13. 


TABLE Curve PIPE WHEN THE 
DIAMETERS. 


Length curve, feet, for Length straight pipe, 


0.0 
0.20 
0.31 5.10 
0.68 4.73 
1.35 4.06 
2.71 2.70 
5.41 0.0 


Case D.—Of more practical importance than any the cases thus 
far discussed the case where two fixed points are connected 
two straight pipes joined 90° curve, and desired know 
the relative total losses which will between the fixed points with 
different curves. Here necessary, arbitrarily, assume some 
fixed points. the computations the writer has chosen points that 
would lie the curve having radius diameters. 
For this curve there would straight pipe, but the loss due the 
curve, occurring the down-stream tangent beyond the point con- 
sidered, has been taken account of. When the radius curvature 
zero, the total length the two straight pipes would 6.88 ft. for 
pipe. Curve represents the losses for this case. The curve 
can constructed adding the ordinates Curve the product 
the loss per foot the straight pipe multiplied the length 
straight pipe required connect the given points. These lengths are 
given Table 14. 


0.0 
0.728 
1.15 
2.50 
10. 
20. 
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3 

° 
Q 
° 


0.80 


Velocity, Feet per Second. 


20, 


TABLE 14. 


Length curve, feet, for Length straight pipe, 


Owing the arbitrarily assumed position the fixed points, Curve 
will meet Curves and the 20d ordinate. some other posi- 
tion the fixed points had been chosen, would simply shift Curve 
amount depending on.the length additional straight pipe intro- 
duced between the fixed points. For example, Curve has been 
drawn for the loss head between two points located that 
turn having radius pipe diameters would connect them. 

use estimating the loss head given pipe system containing 
bends. Curve has been plotted for more 

Fig. 21, let represent the loss head 
which would occur length straight pipe 
equal BC; let represent the loss 
which would length straight 
pipe equal BE, and let represent 
the actual loss caused the curve, DE, 
given Curve Fig. 18. 

Then the actual loss head occurring be- 
tween and would given 

For the case the tee, becomes Zero. For curves various radii, 
the above equation remains constant, while increases with the 
radius curvature, and follows the law illustrated Curve 
Fig. 18. Since constant for all the points, and can 
most conveniently chosen that Then Curve Fig. 18, 
can plotted, using ordinates. distance, DBE, equal 
1.27 times the length the curve, hence likely that, for bends 
large radius, the loss, may greater than the loss, and Curve 
may then have negative ordinates. This Curve corresponds 
the author’s curves his Figs. and 

estimate the total loss head pipe system, therefore, one 
should compute the loss the straight pipe though ran directly 
the point intersection the tangents and this loss add the 


21. 
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given Curve for the particular bend used. course, Mr. Davis. 


curve must computed for each velocity. The data for Curve for 
ft. per sec., are given Table 15. 


TABLE 15. 
Length Loss Loss 
0.0 0.0 5.6 0.0 5.60 
0.728 0.25 2.5 0.09 2.4% 
1,15 0.396 2.2 0.15 2.05 
2.50 0.85 1.6 0.3 1,30 
5.00 1.72 1.9 0.63 1.27 
10,00 3.44 2.5 1,20 1.30 


Tue Errect DIAMETER. 


Fig. comparison made the loss head occasioned 
all cases, for velocities ft. per sec, and ft. per Points 
are taken from Curves Figs. and 19. Points and are from 
the author’s plotting Mr. Brightmore’s work Fig. Points 


0.6 


0.4 


Loss of Head, in Feet. 
co 


Diameter Pipe, Inches. 
22, 


are from the author’s curves Fig. Point from Table 
the Detroit experiments.* These points seem indicate that, for 
radius curve equal pipe diameters, the loss head inde- 
pendent the size pipe. inspection the data seems indi- 
cate that the law holds for other ratios Point will 


Transactions, Am. Soc. E., Vol. 181. 
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Mr. Davis. noted, based the author’s first straight-pipe experiments. 
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Point 
based his second straight-pipe experiments. The fact that 


does not lie the line for velocity ft. per sec., where belongs, 
leads the writer think that the author’s second straight-pipe experi- 
ments should not used, but that the first experiments give reliable 
results. 


The author has given indication the magnitude the losses 
computing the lengths straight pipe giving losses equal those 
caused the various curves different velocities. The writer wishes 
show the actual horse-power consumed pumping water against 
the curve resistance. The horse-power may obtained using the 


formula 
550 
which the head lost, given the methods Case 
the mean velocity, feet per second, 


the area cross-section the pipe, square feet. 

this formula, curves were plotted for the 2-in. pipe these 
experiments. The total horse-power lost, due bend pipe 
this size, necessarily small, owing the small weights water dis- 
charged. The writer, therefore, has made use his assumption that 
the loss head independent the size pipe, and has enlarged 
the horse-power scale give the losses 12-in. pipe, simply 
multiplying since the weight discharged proportional 
the square the diameter the pipe. Therefore, Fig. 23, prepared 
this way, may used for any size pipe constructing suitable 
horse-power scale. 

the writer’s intention, the first opportunity, continue the 
experiments the 2-in. pipe, attempt fix more definitely the 
direction the curves for bends long radius, and the results the 


further study will constitute the basis Bulletin published 
the University Wisconsin. 


ENLARGEMENTS. 


Referring Table 11, will seen that Curves and 
had the same internal diameter the pipe, while the others were 
slightly larger. the foregoing discussion only the curves having 
the same diameter the pipe have been considered. The points 
Curve Fig. 18, have been numbered correspond with the numbers 
the elbows. was found that Elbow No. gave the same loss 
head Elbow No. The increase loss expected Elbow No. 
due the slight enlargement and contraction section, seems 
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have been exactly balanced the reduction loss due slightly mr. Davis. 
longer radius curvature. 
idea the increase loss due the enlargement from 
in. in. and again contracting the smaller size may had 
comparing Elbows Nos. and which are both cast iron, about 
the same degree roughness, may seen Figs. and Plate 
and both have radius the center line 0.728 diameter. The 
pieces pipe shown riveted the sections the elbows are not the 
pipes used the experiments, but were inserted merely show the 


0.20 
4.0 
0.19 
0.18 
6.0 0.17 
0.16 
0.15 
0.14 
0.13 
0.12 
4.0 
0.11 
235 0.10 
2 
0.09 
3.0 
0.08 
0.05 
0.04 
1.0 0.03 
0.02 
0.01 
0.0 
0 1 2 3 4 5 6 vi 8 9 io” eo 
Radius Bend, Diameters. 
23. 


actual distance that the pipes were screwed into the elbows. The pipes 
used the experiment were used full length and had burr the 
end, like those shown, which was caused hand cutting. 
the basis Case the loss head for Elbow No. given 
and the loss head for Elbow No. given 
loss Elbow No. therefore, about 1.8 times the loss Elbow 


Elbow No. gave about the same loss Elbow No. 
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NOTES UPON DOCKS AND HARBORS. 
Discussion.* 


says, there “striking difference” between the plans the port work 
the United States and those European countries, there quite 
marked difference methods between the ports the States and 
those Latin-American countries. 

Briefly, the prevailing custom south the United States 
handle all freight and from steamers with lighters. some 
extent—but not entirely—this due lack good, deep-water har- 
bors. There are few satisfactory harbors the Pacific Coast North 
and South America south San Francisco. The peninsula Lower 
California gives some protection the few ports along the Gulf 
California, but the deep-draft vessels going north from Panama, with 
sixteen regular ports, can only dock Corinto Nicaragua, Manza- 
nilla Mexico, lately completed, and Salina Cruz, the western 
terminus the lately constructed Tehuantepec Railway, Lower 
Mexico. The latter port has been supplied the Mexican Government 
with modern harbor facilities, and the railway expected compete 
sharply for transcontinental business. Steamers going south from 
Panama, with forty-five scheduled ports, find good piers only two, 
Callao and Valparaiso. 

the Caribbean Sea, vessels coasting north find adequate docking 


*This discussion (of the paper Wagoner, Am. Soc. E., printed 
Proceedings for May, 1908) printed Proceedings order that the views 
expressed may brought before all members for further discussion. 
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facilities Port Limon, and others are being provided Puerto Bar- Mr. 


rios; but these are reported comparatively shallow water. The 
northerly Gulf port the Tehuantepec Railway (Mexico) has the 
lately completed pier Tampico has Government 
steel pier and custom-house. Vera Cruz has stone pier and pro- 
tected harbor ft. deep. Atlantic steamers their south-bound 
voyages can dock Barranquilla and Cartagena. 

There are number piers the north coast Venezuela, and, 
beyond Venezuela, the east coast South America, there are good 
harbors long intervals. 

The Island Cuba especially fortunate its land-locked, deep- 
water harbors, and yet the bulk the cargoes and from foreign 
ports handled lighters, some coastwise sailing vessels being 
such light draft reach the small landing piers usually found 
shallow water. Havana Harbor ideal; that bay, the Harbor 
Cienfuegos—6 miles long and good depth—and the Harbor Santi- 
ago, with another 6-mile bay, are all closely land-locked they 
could and give good entrances. Santiago has pier for the Juragua 
Company and commercial pier, but not for vessels deep 
draft. Guantanamo, miles from Santiago, good harbor under 
improvement; but, has been taken over the United States 
coaling station, hardly considered Cuban port. Car- 
denas Bay moderately well protected, but, except dredged, shal- 
low its entrance. Matanzes Bay, extending miles inland, 
open, but deep—more than 1000 ft. deep within mile the old 
Customs wharf. Lighters are used all these harbors. Nipe Bay, 
the north coast, now terminal point for railroad and doubt 
will improved. Bahia’ Honda magnificent harbor, one those 
which was expected would taken coaling station the 
United States, but has port town importance. Barracoa 
good, and there are other fair harbors. 

Except that the course nearly 400 years existence the City 
Havana has encroached upon the bay make any kind 
belt railway very expensive, the harbor offers one the best opportuni- 
ties provide the most modern facilities for the handling the heavy 
passenger and freight business what was once the port North 
America. the ten years dating from the early American occupation 
Cuba, plans for such improvements have been perfected, and some 
measure approved the Cuban Government, although, the late 
adjustment affairs, the present Provisional Government has appar- 
ently not found advisable give these projects precedence over the 
older and approved contracts for the sanitation the city. Possibly 
the results efforts provide adequate harbor facilities for Matanzas 
may, some measure, have led this conclusion. Early the former 
American Cuba, the Intervening Government was for- 
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mally asked, the city authorities that port, provide suitable 


harbor accommodations for the Bay Matanzas, and after year 


preparation, which the local, civil, and commercial interests 
were frequently consulted, and with openly declared opposition from 
any interest, plans and specifications were submitted for deep-water, 
pier the least exposed part the bay, having per- 
manently constructed connections with the two railways entering the 
city. One the very last acts the outgoing Intervening Govern- 
ment, after full review the situation with, and hearty consent 
by, the new Cuban authorities, was the approval the contract with 
reliable New York firm for the construction the pier, railway, steel 
bridges and other accessories, cost approximately $300 000; 
with some subsequent modifications plans and specifications the 
works were built 1902-03, but, the five years since their comple- 
tion, they have been used very little, all. The attitude the local 
owners the fleets lighters and the warehouses, which Matan- 
zas has exceptionally substantial and extensive system on, near, 
the San Juan River, has been distinctly hostile the new arrangement, 
and, far, they appear have controlled the situation. was hoped 
the new provisions would ultimately lead more direct shipments from 
the interior the island the vessel. Even the warehouse and 
lighter interests are themselves shippers, happens they are, 
but natural that they should hesitate support such system, for 
their profits lie principally handling sugar, the port. 

Jamaica, possession the very commercial English people, 
there excellent closed harbor and deep-water pier Kingston, 
and like facilities Port Antonio the north coast. The Port 
Spain, Trinidad, another English harbor, though not the deepest, 
provides least for Royal Mail steamers. 

The Danish port St. Thomas has floating dock. San Do- 
mingo, pier Macoris, built under political grant, reputed 
have paid its considerable cost port duties. The ports Haiti are 
noted “slow and inefficient.” Puerto Rico, San Juan dredged 
harbor, and, with other ports the island, being improved since 
became insular possession the United States. 

Before the construction the Panama Railroad 1850-55, Puerto 
Bello, miles below Colon, was the desirable harbor the Caribbean 
Sea, well protected and deep; still used shelter harbor 
times violent and long-continued gales. 

The Harbors Colon and Boca, near Panama, were not natu- 
rally very good, koth being originally shallow and, except for the 
islands the Pacific, open, but the dredging for the Panama Canal 
makes their development into good ports reasonably practicable. 
vessels can receive and discharge freight the new wharf, No. 11, 
Cristobal—that part the harbor town within the Canal Zone. The 
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Royal Mail and Hamburg-American lines still have their own piers Mr. Ruggles. 
Colon, where, date, they have proved adequate. the Pacific 
ests the old French pier Boca, with its extensions, lying along 
the Canal line, provide berthing space for four more large, deep- 
ter, draft vessels time. These extensions were made about two years 
ago when was presumed that the Canal entrance would moved 
the eastward the point Sosa Hill, and the new structures are, conse- 
quently, not substantial construction the original French 
ent company’s pier, which 960 ft. long, built, years ago, with 
ith steel trusses and frames steel cylinders, diameter, sunk 
eel rock and filled with concrete. the new train loads the Panama 
Railroad are much greater than the date the construction the 
the the two loading tracks have been removed from the trusses 
roofed pile trestle the easterly side the old shed, giving cor- 
greater storage capacity; otherwise the structure prob- 
ably good for another generation. The new channel being dredged 
ar, ft. below mean sea level, and when the breakwater, now course 
nt, construction toward Naos Island, completed, the entrance the 
piers will well protected. The French company provided loading 
devices the old pier and very large crane tons capacity 
the outer end for the late extension there are 
new electric cranes nominally 8000 lb. capacity—the writer 
for has seen 000 Ib. handled trial. Cristobal there are cranes 
Wharf 11, but Pier there large Brownhoist cantilever 
le, crane for coal, iron, ete. 
Provisions are now being made for the construction perma- 
nent piers between No. and No. along the Canal, the channel 
st, which kept dredged required depth. Breakwaters are likewise 
proposed for this bay, and there now small dry dock above Pier 14. 
Attention has lately been called the fact that, except the port 
San Francisco and Bremerton, Wash., there dry dock 
the Coast.* This would seem imply that the timber dry 
dock Puget Sound, built 1896, not now available. the 
three San Francisco, the largest that the San Francisco Dry 
Dock Company, 750 122 ft. The statement also fails mention 
the dry dock Salina Cruz, which 600 100 ft., with depth 
ft. view this fact and that commercial corporations and com- 
panies, such the above and the Mersey Dock and Harbour Board 
Liverpool, not consider their port work complete without dry 
dock, almost always graving dock (one English firm, The Smith’s 
Dock Company, the Tyne, has six graving docks supplemented with 
two floating docks), would appear desirable have other harbors 
supplied with these provisions for cleaning and repairing. There is, 


*Cassier’s Magazine, March, 1908. 
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true, growing use floating dry docks, but where there are, for 
instance, such good foundations within easy reach, with ample space 
and wide range tide, can found between Corozal and the Canal, 
two three miles inland from the Boca piers, the cost perma- 
nent graving dock large dimensions—double necessary—would 
probably greater than for corresponding provision for floating 
docks, the additional repeated dredging for operating basin, esti- 
mated least ft. deep, for dock 30-ft. draft, shore anchorage 
works, ete., added. the site suggested happens there could 
easily coaling stations and railroad yards. 

late years the English Government has made great extensions 
the harbors which vessels are loaded with coal, notably that 
Blyth, where improvements cost approximately are under 
way, and England, Holland, Denmark, and, some extent, France, 
make special provisions for their fishing vessels. the Boston, Mass., 
fish wharves this year nearly 1000000 fish were marketed 
one day. for the coaling staithes, stations, the Coast may 
come time provide oil stations instead, but cannot yet said 
that there should longer any provision made for coaling steamers, 
for fuel, and for cargo. 


tions made the writer connection with the Meadow Reclamation 
and Dock Commission led the independent discovery, several months 
before the publication Mr. Wagoner’s paper, several points 
brought out therein. 

The rate increase population many American cities, and 
approximately that the United States was found 
logarithmic ratio. similar law holds for the foreign tonnage 
many ports, thus providing fixed relation between tonnage and 
population, and, many instances, the growth manufactures fol- 
lows the same law. these facts the per capita values 
such commercial and industrial items are great value predicting 
probable future requirements ports and communities. 

plotting statistics logarithmic paper large scale 
discloses many interesting facts, among which the following may 
cited: each war any magnitude, the rate increase the popu- 
lation the United States whole, and majority its cities, 
received check, and changed rate was established. Commerce and 
industry are somewhat similarly affected, but much 
extent, each financial panic which almost literally war those 
lines. 

Prediction future port requirements almost complex 
predictions concerning their tidal changes, but without complete 
data. Railroad extensions and their rates certain port and com- 
peting ports, the prompt adoption improvements handling facili- 
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for ties those ports, the effects natural limitations and advantages, Mr. Goodrich. 
the possibilities change the extent neighboring industries, 

anal, like fishing, lumber, grain, localities where these predominate, 

rma- are some the factors entering the problem when studying the neces- 

sities such projects those Newark Jamaica Bay, the 

vicinity New York City, increases facilities Baltimore, 

esti- New Orleans, San Francisco. 
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MEMOIRS DECEASED MEMBERS. 


will reproduced the volumes Transactions. Any information 
which will amplify the records here printed, correct any errors, should forwarded 
the Secretary prior the final publication. 


CHARLES FRANCIS POWELL, Am. E.* 


1907. 


The personal knowledge the writer concerning General Powell 
covers only the four years that was stationed New London, while 
the writer was associated with him the capacity Assistant En- 
gineer. Owing General Powell’s modesty, rarely spoke his 
previous career—almost never his services during the Civil War— 
hence, the preparation this memoir, has been necessary 
depend upon official data and information furnished others for the 
facts relating his early life, and the writer wishes make 
edgment the great aid and valuable information given him, espe- 
cially concerning General Powell’s early life and services during the 
Civil War, his brother, Captain Powell, and Major Harry 
Taylor, Corps Engineers, authentic records and dates 
concerning his service Officer the Corps Engineers. With- 
out the aid these gentlemen, the writer would have been unable 
prepare this memoir. 

Charles Francis Powell was born Jacksonville, August 
13th, 1848. His ancestors were Americans and his great-grandfather 
was soldier the Revolutionary War. Born without the advantages 
wealth, Charles Francis Powell was, from boyhood, obliged depend 
his own exertions for support and advancement. While quite young 
moved Milwaukee, Wisconsin, where obtained his early educa- 
tion the public and private schools. When the Civil War broke out, 


and before was eighteen years old, began his military career, 


enlisting May 10th, 1861, private Company 5th Wis- 
consin Volunteer Infantry, and afterward being promoted Corporal 
and then Sergeant Major. 

During the Civil War saw much hard service and fierce fighting, 
and his war record brilliant one. His first service was the sup- 
pression the bank riot Milwaukee the summer 1861; later 
that year was ordered East, and September took part the 
advance into Virginia. The following year was with the Army 
the Potomac the Peninsula Campaign and took part the Siege 
Yorktown, the engagement Lee’s Mill, the Battle Williamsburg, 
the engagements Golding’s Farm, Garnett’s Farm, Savage’s Station, 
and White Oak Swamp, and the Battle Malvern Hill, all less than 
three months. Later that year was the field the Second 
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Battle Bull Run and the Battle Chantilly, but was not actively 
engaged. September, 1862, took part the Antietam Campaign 
and September 17th participated the bloody Battle Antietam. 
November was the advance into Virginia near Harper’s Ferry 
and along the eastern base the Blue Ridge. 1863 was the 
Rappahannock opposite Fredericksburg; participated the Gettys- 
burg Campaign, and, after forced march, took part the great 
Battle Gettysburg July 2d, 3d, and 4th. July 5th was 
with the enemy’s rear guard; later the month was 
again the advance into Virginia near Harper’s Ferry, and August 
took part the enforcement the second draft New York and 
Albany. This was his last active service during the Civil War. 

was then only about twenty years old, but was experienced 
soldier, and had seen harder service and more war and actual fight- 
ing than falls the lot many men who are soldiers all their lives 
and attain high rank. had put more than two years the 
hardest sort service, and had taken part several the greatest 
and most fiercely fought battles the Civil War history, but 
came out unscathed, though the writer has heard him say that 
had two more horses shot under him and his cap carried away 
rifle ball. 

September 29th, 1863, was appointed cadet the United 
States Military Academy President Lincoln. this time the 
number cadets West Point was much reduced because the 
disaffection the southern Congressmen and the cadets appointed 
them, and fill these vacancies number cadets were appointed 
President Lincoln from among deserving young soldiers the 
Union Army, their appointments being from southern Congressional 
Districts which then had West Point. Young Powell was 
among the soldiers thus appointed, his appointment being from South 
Carolina District, and was stated have been for “soldierly courage 
and ability, faithful and brave conduct and gallantry the field 
battle.” 

passed his entrance examinations West Point successfully, 
although, this time, his opportunities for education had been 
somewhat meager, and, for the two years and half, thereabouts, 
since enlisted must have had give study entirely. was 
also under the disadvantage entering after the academic year had 
begun, and hence was behind his class, but hard work and persever- 
ance managed, not only make back work and keep with his 
class, but maintain high stand. his last year West 
Point met with accident that nearly cost him his life. 
drill his horse stumbled and fell with him and badly injured 
his knee; tetanus subsequently developed, and was for long time 
the hospital, but finally recovered. Although was left permanently 
lame, was not sufficient incapacitate him for duty. spite this 
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accident, which would have made most men give entirely, gradu- 
ated twelfth class sixty-three and was commissioned, June 
17th, 1867, Second Lieutenant the Corps Engineers. His sub- 
sequent promotions the Corps Engineers were: First Lieutenant, 
April 23d, 1869; Captain, June 17th, 1881; Major, January 26th, 1895; 
Lieutenant Colonel, January 22d, 1904. 

His first duty Engineer Officer was with the Engineer Batta- 
lion Willets Point, New York, where served from August, 1867, 
May, 1871, Company Officer, Post Quartermaster and Commissary, 
and Battalion Quartermaster, the latter capacity for the last three 
years his service Willets Point. After leaving Willets Point 
served assistant the geodetic survey the Northern Lakes for 
nearly years, and the Mississippi River for nearly years, 
March, 1879, and assistant Major George L..Gillespie, Corps 
Engineers, from April 11th, 1879, October 26th, 1881, when was 
appointed Engineer the 13th Light-house District. This latter posi- 
tion held until April 11th, 1888, the same time being charge 
various defenses, river and harbor improvements, surveys, 
Oregon, Washington, and Idaho. The Cascades Canal and the com- 
the great jetty the mouth Columbia River were 
among the most important works which had charge this time. 

From May 31st, 1883, November 18th, 1890, was Secretary 
and Disbursing Officer the Mississippi River Commission, and was 
charged with various duties connected with the improvement that 
river; and from 1890 April 27th, 1893, was Bismarck, North 
Dakota, and Sioux City, Iowa, charge the improvement the 
Missouri River above Sioux City and the Yellowstone River, Mon- 
tana and North Dakota. the close the above tour duty 
was appointed Engineer Commissioner the District Columbia, 
Washington, C., which position held until March 2d, 1897, when 
was ordered Pittsburg, Pennsylvania, and placed charge 
river and harbor work that district, which included the improve- 
ment Pittsburg Harbor, the Alleghany River, the Monongahela 
River slack-water navigation system, and various other engineering 
works. January 8th, 1902, assumed charge the Connecticut 
District, comprising all river and harbor improvements that State, 
the River, between Rhode Island and Connecticut, and the 
defenses the eastern entrance Long Island Sound, 
quarters being New London, Connecticut. Among the more im- 
portant works this district were the construction and equipment 
various emplacements for modern high-power guns and mortars 
the eastern entrance Long Island Sound, the improvement 
the Connecticut, Thames, and Housatonic Rivers, and the harbors 
New Haven, New London, and Bridgeport, besides number other 
smaller rivers and harbors. 
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the early part 1906, while still stationed New London, 
Powell was taken with severe illness, largely wholly the 
result over-work, but, with his extremely strict ideas with regard 
duty, insisted upon still performing his official duties, even while 
confined his room and bed. The writer will always remember one 
particular when was directed report person 
General Powell regarding certain official business, and found him 
his home, barely able sit up, and yet insistent upon talking over the 
matter hand and making his decisions, although seized every few 
minutes with violent fits coughing and scarcely able hold letter 
his hand. Several times during his illness recovered sufficiently 
that, although contrary the advice his physician, went 
his office, but finally his condition became serious that was 
obliged give all official duties, and March 8th, 1906, was 
relieved charge the District. His condition had now become 
critical that, upon the representations his physician and family, his 
retirement was requested under the provisions Section 1244, 
Revised Statutes. Before this was done, however, and account 
his splendid record during the Civil War, was appointed Brigadier 
General, Army, dating from March 1906; his retirement 
took place three days later, April 3d, 1906. 

After his retirement his health greatly improved for time, al- 
though his family and friends had scarcely dared hope for it, but the 
improvement was not permanent, and July 30th, 1907, died 
St. Paul, Minnesota, where had moved with his family after his 
retirement. 

quote from the General Orders the Chief Engineers an- 
nouneing General Powell’s death: duties entrusted him were 
well and faithfully performed.” Strict attention duty and absolute 
adherence the law and his orders were cardinal principles 
General Powell’s life. Conscientious the last degree, always gave 
his work the most unremitting personal attention, even the 
smallest details, and was this close personal application the daily 
routine and minor details his work, which most men similar 
positions turn over their assistants, that took much his time and 
rendered his duties unusually arduous and confining. 

Personally, General Powell was extremely kind, courteous, and 
pleasant disposition; unassuming and modest manner and appear- 
ance, yet always officer and gentleman. his assistants and 
those with whom came into official contact was always courteous, 
considerate, and approachable; his family was devoted. 

was married May 17th, 1883, Albany, Oregon, Margaret 
Isabelle, daughter James Foster, and survived his wife and 
six children. 

General Powell was elected Member the American Society 
Civil Engineers October 3d, 1888. 
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THE LOW STAGE LAKES HURON AND 
MICHIGAN.* 


Lakes Huron and Michigan, mean annual water elevation alone 
considered, have been less than the normal stage since 1888. 
These lakes were abnormally low 1895 and 1896. The Board 
Engineers Deep Waterways, 1900, called attention the de- 
pressed stage the lake waters, giving the amount the depression 
below what was then thought the normal about ft. for the 
preceding years. that time this depressed stage was attributed 
certain natural and artificial changes that had been made the head 
St. Clair River, which the outlet from the lukes. 

The importance restoring the lakes normal elevation and 
holding them high that navigation interests will fully protected, 
with the desirability withdrawing water from the lake 
system for sanitary and inland navigation purposes limited, yet not 
inconsiderable, amounts has prompted the following study the effect 
water storage Lake Superior upon the water elevation Lakes 
Huron and Michigan, and the causes which the protracted low 
stages the past the two lower lakes should ascribed. 

The data herein used are taken from the published annual reports 


*This paper will not presented any but written communications the 
subject are invited for publication with Transactions. 


See particularly the report Wheeler, Am. E., Assistant Engineer, 
Annual Report the Chief Engineers, A., 1998, Part 2855. 
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Fig. and Plate CXV show the mean annual discharge for each 
the two rivers, the St. Mary’s, which flows from Lake Superior into 
Lake Huron, and the St. Clair, which, already stated, carries the 
outflow from Lakes Huron and Michigan, and also the water-yield 
the drainage basins tributary the lakes, and the mean annual 
elevations Lake Superior and Lakes Huron and Michigan. 

With this information, mass-curves the water-yield Lake 
Superior drainage basin could constructed, and the effect storage 
this lake upon the discharge through its outlet, the St. Mary’s 
River, could determined. 

Some the conclusions reached from these studies and from the 
records referred are here briefly stated. 


TABLE 


Monthly Means for Typical Years. Elevations Feet Above Sea Level.* 
Lake 


Month. 1861. 1869. 1879. 

602.26 601 .97 600.99 601 .02 602.38 
603.16 602.50 601.25 601.50 602.65 
602.65 602 .68 601.08 601.40 602.70 


Lakes Huron 


Month. 1861. 1872. 1876, 1886. 
582.83 581.74 582.67 
582.7 580.79 581.72 582.74 
Mch.... 582.92 580.29 581.85 582.93 
582.94 581.11 582.73 
NOV 581.06 582.94 582.73 
581.20 580.77 582.43 


*The elevations Table are not perfect accord with the lake-stage diagram pub- 
lished the United States Lake Survey. They are based elevations offi- 
cial reports 1903. 
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The area the drainage basin Lake Superior about 100 
sq. miles; the area the lake about 100 sq. miles. 

The area the drainage basin Lakes Huron and Michigan, 
including the Lake Superior basin, 213 900 sq. miles, and the water- 
surface area the two lower lakes sq. miles. 


Computed from Published Monthly Means. 


Elevation, 
feet, 
Lake Superior. 


Mean discharge, Mean discharge, 
feet, Lakes Huron 


and Michigan. second-feet. 


400 227 800 
200 226 800 
900 213 800 
600 203 400 
600 196 900 
200 187 500 


800 198 400 
000 


400 
300 
600 


185 000 


196 400 


*The lake elevations this table are substantial conformity with the diagram issued 
U.S. Lake Survey. The discharges St. Mary’s and St. Clair Rivers are, for the 
Most part, from the official reports already mentioned. 


601.9 
602.3 
602.3 
602.2 300 582.79 226 800 
602.2 500 581.21 192 500 
601.7 300 580.48 176 400 
601.5 400 580.38 171 000 
601.8 000 580.62 177 700 
602.6 500 580.77 179 700 
602.6 800 579.78 164 400 
602.6 900 580.12 171 100 
602.2 200 580.30 171 200 
602.7 700 580.30 174 000 
602.7 200 180 100 
602.5 000 580.20 167 300 
602.7 000 580.34 172 500 
602.7 000 580.78 182 500 
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TABLE 
Elevation and Outflow Through St. Mary’s River. 
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Lowest monthly mean... 


Highest monthly mean... 


1889-1905. 


Elevation, 
feet. 


116 600 
Sep., 


604.15 
Sep., 


Elevation, 


Feb., 


Sep., 
Oct 


second-feet. 
Elevation, 
Outflow, 
| in 
| second-feet. | 


44 7 
Mar., 


116 600 


1892 


1901 


1.18 


3.40 


1879 


1876 


100 


600 
1879 


Range monthly means.. 


Lowest annual mean 400 


Highest annual mean.... 200 


Range annual means.... 800 


Ordinary seasonal range 
monthly means 


Minimum seasonal 
monthly means, iow 
succeeding high...... 


0.68 
1891 


0.61 
1870 


Maximum seasonal range 
monthly means, low 
succeeding high 


2.67 


1869 


Mean, whole period 100 


TABLE 


Elevation and Outflow Through St. Mary’s River, and Water-Yield 
Drainage Basin for Periods About Five Years. 


Mean discharge 
St. Mary’s River, 
second-feet. 


Mean water-yield 
drainage basin, 
second-feet. 


Mean elevation, 
feet. 


Gea 
Mar, 
| | | L 
y 


| second-feet. | 
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All elevations herein noted are based the precise levels 1903. 

The area the drainage basin Lakes Huron and Michigan 
given sq. miles. The water surface the two lakes has 
area 45500 sq. miles. 


Elevation and Outflow Through St. Clair River. 


1889-1905. 


Elevation, 
feet 

Elevation, 
feet. 


Elevation, 
feet. 


Range monthly means 2.80 129 500 


| 


monthly means, low suc- 


Minimum seasonal range 
ceeding high 


Maximum seasonal range 
monthly means, low suc- 


ceeding high 


| 
Ordinary seasonal range 
monthly means. 1.08 


Mean, whole period 580.52 100 


giving the seasonal range monthly means Table the rise 
from low the following high stage alone was taken into account. 
the season 1871-72, there was drop the water surface 2.58 ft. 

The water-yield the lake basins the foregoing tables -was 
determined follows: the case Lake Superior, the annual 
water-yield the outflow from the lake, that is, the discharge St. 
Mary’s River increased the storage increase, decreased the 
Storage decrease, Lake Superior during the year. The annual 
water-yield the entire drainage basin Lakes Huron and Michigan 
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(including Lake Superior) the flow St. Clair River plus the dis- 
charge through the Chicago Drainage Canal, increased the annual 
storage increase these two lakes, decreased the storage decrease. 
The water-yield the restricted drainage basin Lakes Huron and 
Michigan, that the drainage basin exclusive Lake Superior, 
found subtracting the mean annual discharge St. Mary’s River 
from that St. Clair River and adding the remainder the annual 
storage increase Lakes Huron and Michigan subtracting there- 
from the annual decrease storage, the case may be, and also add- 
ing the amount water diverted into the Chicago Drainage Canal 
(which was opened January, 1900, and takes about sec-ft. 
water from Lake Michigan). 


TABLE Huron anp MICHIGAN. 
Elevation and Outflow Through St. Clair River and Water-Yield 
Drainage Basin for Periods About Five Years. 


Period. elevation, St. Clair River. 
second-feet. 
582.14 215 300 117 000 201 800 
194 800 118 100 202 000 
581.49 203 600 124 500 205 200 
581.72 208 600 129 000 204 600 
582.37 214 800 153 300 228 100 
581.87 200 121 700 189 700 
580.39 400 161 400 
580.12 800 700 179 300 
178 300 
581.36 196 400 117 400 195 200 


*The term, water-yield, here used, means the total delivery water into the 
two lakes excess evaporation from surface. 


The normal outflow from Lake Superior through St. Mary’s River, 
determined from the records covering the years, 1860 1905, 
77900 The mean flow the river during the period, 1860 
1888, was 900 sec-ft., and, from 1889 1905, was 100 sec-ft. 
The monthly mean flow St. Mary’s River ranges from about 000 
about 117 000 sec-ft. 

this lake were converted into storage reservoir the con- 
struction works for the regulation the flow St. Mary’s River, 


the 
3.4 
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would possible hold the lake near high stage until the 
stored water needed supply deficiency Lakes Huron and 
Michigan. The degree benefit that can thus secured will depend 
obviously upon the amount water that can stored, that is, upon 
the permissible range from low high stage Lake Superior 
upon the capacity the outlet channels. records for the 
years, 1860-1905, indicate range mean monthly lake stages 
3.40 ft., and range the annual means 1.65 ft. The range 
monthly means from low high single seasons normally 1.26 ft., 
but this amount frequently exceeded, and there one season noted, 
1869, which reached 2.67 ft. This was unusual fluctuation, and 
strikingly illustrates the fact that there may material departure 
certain times each year from the mean annual stage. The probable 
and possible departure should carefully studied when works for the 
complete control the outflow from the lake are planned. 

description the works for the partial control lake stages, 
made necessary the construction the Lake Superior Power Canal, 
which have been service since 1902, will found 

computation the usual way, with recourse the mass-curve 
the annual water-yield the Lake Superior basin, can shown 
that under complete regulation, with range 1.5 ft. between the 
extremes mean annual lake elevations, there would material 
improvement over natural outflow conditions. This amount storage 
seasons such those from 1860 1888, would keep the outflow 
minimum annual mean about 69200 sec-ft. The outflow 
60600 see-ft. 1879 could have been increased sec-ft. 
From 1860 1888, there would have been when the mean 
annual delivery water from Lake Superior into Lakes Huron and 
Michigan would have been less than the above indicated minimum 
200 unless intent conserve water for subsequent year. 

examination the mass-curve water-yield for the entire 
period, 1860 1905, shows the real critical period have been from 
1888 1893, the last three years which the discharge St. 
Mary’s River fell 58300, 57400 and 63000 sec-ft., respectively. 
controlled storage capacity 1.5 ft. depth over Lake Superior 
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would have made possible increase these amounts constant 


the assumption that the two critical periods—the one 


the years 1878 and 1879 the first years the discharge record, 
and the last-mentioned period—indicate what may expected the 
future, may broadly stated that available storage ft. 
depth over Lake Superior would enable the lake outflow main- 
tained above minimum annual mean approximating sec-ft. 
Should found practicable make the effective storage Lake 
Superior 2.5 ft. between the extremes annual mean stages, then 
the regulation the discharge from the lake will make possible 
keep the minimum mean annual outflow higher than storage re- 
stricted only 1.5 ft. found this case, past records 
again examined, that the critical period the last years would have 
extended from 1876 1893. this period years the regulation 
outflow and the addition stored water would have raised the 
minimum mean annual discharge from 400 about 400 sec-ft. 

self-evident that under intelligent management the lake out- 
flow would not kept uniform throughout any series years nor 
even throughout any single year. The aim would deliver the 
stored water into Lakes Huron and Michigan the year and the 
season the year when would the most good. 

view the fact that the natural channel St. Mary’s River 
will always supplemented power canals large capacity and 
the navigation canals both sides the river, seems reasonable 
anticipate that the ultimate total capacity the lake outlets may 
reach 150000 cu. ft. per sec. mean lake stage. Outflow this 
rate equivalent one month layer water 0.44 ft. deep 
the surface Lake Superior. such year 1869, which the 
lake rose 2.7 ft. the months from March September, the lake 
elevation under complete regulation and this assumed capacity out- 
let channels could held down little more than ft. below the 
elevation then reached. 

the other hand, delivery water the amount named from 
Lake Superior into Lakes Huron and Michigan equivalent 
layer water, over the whole surface these lakes, 0.30 ft. for 
each month such flow. When recalled that there has been 
year which St. Mary’s River discharged only 400 sec-ft., and that 
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there has been mean monthly discharge low 45000 sec-ft., 
will readily understood that assured mean annual delivery 
excess 700 sec-ft., and possible delivery about sec-ft. 
for part the year, will have appreciable effect the water 
stage Lakes Huron and Michigan. Such regulation will not, 
matter course, change the mean reduction water level that would 
result from the continuous withdrawal, during long period time, 
given quantity water from these lakes; but will, under 
intelligent management, result distributing the amount depres- 
sion the water surface the several months the year, and 
successive years, that the lowering the lakes due water with- 
drawal will least the months when the lakes are lowest. other 
words, regulating the inflow from Lake Superior, the effect the 
withdrawal can be, least partially, offset low lake stages. This 
effect can thus artificially made maximum when the lakes are 
high, when there injury therefrom navigation interests, and 
can kept minimum when lowering would detrimental 
navigation. The effect controlled water storage Lake Superior, 
whether restricted the 1.5 ft. the 2.5 ft. limits, will 
unquestionably measurable benefit. 

The desirability utilizing Lake Superior storage reservoir, 
together with the utilization the controlled flow St. Mary’s River 
offset the effect water diversion Chicago for sanitary purposes, 
appears have been pointed out first Rudolph Hering, Am. Soc. 
E., his report October 15th, 1907, the disposal Calumet 
sewage. 

While apparent that such year 1892 the control 
storage Lake Superior would have made possible increase the 
mean annual flow St. Mary’s River from 57400 about 700 
Huron and Michigan about in. (2.4 in. less the effect increased 
flow St. Clair River due greater lake elevation), must 
that the effect this storage upon the mean stages 
Lakes Huron and Michigan for series years would compara- 
tively slight. This effect, notable though may for single year 
for several years which stored water increases the flow St. 
Mary’s River, offset long series years the fact that, the 
years more than normal water production, the water delivery into 
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the lower lakes must cut down below natural flow, otherwise there 
would water for the improvement conditions those years 
which the natural outflow from Lake Superior small. The perma- 
nent effect controlled outflow from Lake Superior upon the stages 
the lower lakes, averaged for long series years, would due 
mainly the slight modification the outflow from these lakes result- 
ing from the modified lake elevation. This effect would slight and 
may prove difficult trace. 

Whether arrangement for storage Lake Superior, with 
range annual mean elevations great 2.5 ft. maximum 
benefit, can effected, not known this time. seems possible 
that this range might attainable view the fact that the 
extreme range monthly means (1860-1905) has been 3.4 ft., and that, 
the unusually high stage 1838 taken into account, this range 
has been about 4.5 ft. computation the effect the larger 
storage upon the flow St. Mary’s River has been made, above set 
forth, emphasize the point that controlled storage Lake Superior 
can made beneficial lake navigation, and, therefore, would 
partial offset any water diversion from Lakes Huron and Michigan. 

Based the water elevations for the lakes, and the amount flow 
the St. Mary’s and the St. Clair Rivers, noted the reports 
the Army Engineers, found that continueus withdrawal 
10000 sec-ft. would lower Lakes Huron and Michigan about 
follows: 


For mean annual elevation 580 ft., the lowering would 


0.49 ft. 

For mean annual elevation 581 ft., the lowering would 
0.47 ft. 

For mean annual elevation 582 ft., the lowering would 
0.45 ft. 


For mean annual elevation 583 ft., the lowering would 
ft. 


continuous withdrawal this amount water during the 
1905 would have reduced the water elevations 
mean amount about 0.46 ft. 

already shown, the offset this depression, due storage 
Lake Superior during year, corresponding year minimum 
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flow St. Mary’s River, such 1892, would about 0.17 ft. (storage 
taken 1.5 ft.). 

The stages Lakes Huron and Michigan have been lower during 
the years since 1888 than during the years covered records preceding 
that date. Not only has the mean for the whole series years been 
lower about ft., but extreme low mean annual stage was reached 
1896, which was about 1.35 ft. lower than any recorded low water 
(annual mean) during the earlier period 1860 1888. The year 1888 
convenient line division making this comparison, because 
the lake stage that year was about normal, and has since remained 
less than normal. 

The mean lake elevation from 1860 the close 1888 was 581.89 
ft. The mean lake elevation, 1889 1905, inclusive, was 580.45 ft. 
The lakes were, therefore, about 1.44 ft. lower the later 17-year 
period than the earlier 29-year period. The mean lake elevation 
determined for the years, 1860-1905, 581.36 ft. The mean stage 
the lakes during the years, 1889-1905, was, therefore, lower than 
the mean for the entire period 0.91 ft. 

The long-continued depressed stage Lakes Huron and Michigan 
has been attributed the Board Engineers Deep Waterways 
the enlarged section St. Clair River and the improvement the 


outfall from Lake Huron into the river. this subject, the Board 
says 


“There now channel over feet deep from the lake into the 
river, the increased outflow through which has lowered the general 
level Lakes Huron and Michigan about foot.” 


The Board Engineers also 


“The mean level Lake Huron apparently about foot lower 
than was fifteen years ago, which change has resulted from the 
enlargement and deepening channels for waterway improvements 
and from the natural erosion the bed the river the outlet 


the lake.” 

The general depth the foot Lake Huron, miles above the 
head St. Clair River, stated the Board Engineers have 
been originally from ft., with numerous shoals ft. 
deep. channel, ft. wide and ft. deep, mean stage, has 


Report the Board Engineers Deep Waterways between the Great Lakes and 
the Atlantic Tide Waters,” 1900, 


the Board Engineers Deep Waterways between the Great Lakes and 
the Atlantic Tide 1900, 
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been cut through these shoals. Concerning the deepening water 
the head St. Clair River the scouring action the water, the 
Board Engineers states that, 1867, surveys showed the depth 
water the bar over which the lake discharges into the river have 
been ft., and the central depth water the gorge the head 
the river have been ft. The surveys 1898 and 1899, according 
the Board’s report, showed that channel had been scoured through 
the bar depth ft., and that the water depth the gorge 
its narrowest point was from ft. 

The years, 1885 1899, inclusive, which the Board Engi- 
neers referred making its comparison lake elevation recent 
years with former elevations, show mean water-surface elevation 
which was 0.95 ft. lower than that the years, 1860 1884, 
inclusive. 

The possibility that altered conditions and near the head the 
St. Clair River had the effect modifying, some extent, the stage 
Lakes Huron and Michigan must admitted, but changes out- 
let capacity have probably been only minor factors producing the 
low lake stages, indeed they have been any effect. This will 
appear from the following consideration: 

must apparent that the lowering resulted either from the 
must have been less water presented Lake Huron for delivery 
through the St. Clair River. Both causes may have contributed the 
result. the depressed water surface can accounted for part 
decreased water production the drainage basin which 
tributary St. Clair River, then only the remainder, there any, 
will ascribed the increased outflow capacity the head St. 
Clair River. 

That there has been deficient water production the drainage 
basin treated unit the three lakes, Superior, Huron, and 
Michigan, during long period subsequent 1888, primarily indi- 
cated decrease the St. Clair River discharge. This decrease 
quite noticeable the depressed lake elevation, will appear 
inspection the diagrams Plate CXV. The flow the St. Clair 
River, however, does not itself represent the water production 
the lake drainage basin from year year, because some the water 
remains stored the lakes. will instructive, 
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determine the annual water quantities excess evaporation received 
the two lakes, Huron and Michigan, from all sources, and com- 
pare these quantities with each other for the same time periods for 
which comparisons lake elevations have been made. 

The net quantity water thus annually received the two lakes 
found adding the annual outflow through the St. Clair River 
the storage accretion (plus minus the case may be) the two 
lakes, and adding also the diversion through the Chicago Drainage 
Canal, which has been about 4200 sec-ft. since January, 1900. 

The result this computation, based the figures contained 
the Wheeler and other Engineer reports, shows conclusively that 
there has been very decided falling off the water-yield the 
Huron-Michigan drainage basin recent years, and that the drop 
the water-surface elevation the lakes coincident with this decrease 
yield. The water-yield the basin (run-off, and rain the lakes, 
less evaporation), computed, noted for periods about five years 
and expressed second-feet continuous flow, has already been noted 
Table and shown Plate CXV. 

For the years, 1889 1905, the entire drainage basin Lakes 
Huron and Michigan, Lake Superior, contributed the 
lakes mean flow 175 000 sec-ft. water, whereas the normal water 
yield the basin about sec-ft. The deficiency 20200 
sec-ft. enough, the normal stage the lakes, account for about 
0.94 ft. deficient water elevation. This being the case, the lakes 
would have been, mean elevation, nearly ft. lower than normal 
subsequent 1888, even though outlet conditions from Lake Huron 
had not changed. 

has already been shown that the mean elevation the two lakes 
for the period 1860-1905 was 581.36 ft. and for the period 1889-1905, 
580.45 ft. Had there been withdrawal water from the lakes 
Chicago, these elevations would have been 581.38 and 580.50, re- 
spectively. The lakes would have been 0.88 ft. lower, the 17-year 
period following 1888, than their normal elevation. This depression 
0.88 ft. the combined effect less than normal rainfall (in part 
perhaps more than normal evaporation) and changes the head 
the St. River. above set forth, however, the effect 
lake elevation that might reasonably attributed the first cause 
alone, viz., conditions, about 0.94 ft., slightly excess 
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the actual depression, leaving drawing-down effect ascribed 
the changes the head St. Clair River. 

The conclusion that the channel changes the head the St. 
Clair River have not materially affected the stage the lakes, 
all, is, already stated, based the lake elevation and discharge 
figures published the United States Army Engineers. note- 
worthy that figures show that the material reduction, after 1888, 
the water productiveness the drainage basin Lakes Huron and 
Michigan, was confined almost entirely the area directly tributary 
these two lakes. There was pronounced falling off noted the 
discharge reaching these lakes through St. Mary’s River from Lake 
Superior. However, the published stream measurements and river 
stages for the same period years show decrease the discharge 
St. Lawrence River, the outlet Lake Ontario, amounting 
(after correction for depletion lake storage and the diversion 
Chicago) about 18000 much the decreased 
water production the area tributary the St. Clair River, 200 
sec-ft.—there would appear little room for doubting the substantial 
accuracy the published discharge tables the St. Clair River, and, 
therefore, the conclusion, stated, relating the main cause the 
low lake stages, seems based reliable premises. 

That this conclusion, which attributes the low lake stages Lakes 
Huron and Michigan long period deficient water production 
the Huron-Michigan basin, and very small degree, all, 
changes the head the outlet channel, probably correct, 
borne out statement Haskell, Am. Soe. E., his 
report July 16th, 1900,* the effect that what had year previously 
been reported clear case enlargement scour the head 
St. Clair River was based comparison preliminary survey 
1898, with chart based survey 1867, and showed 
cut over portion the gorged reach. Mr. Haskell goes say 
that older chart 1859 was subsequently found agree much 
better with the survey 1898. caused old notes 
platted, and careful comparisons based thereon have led him the 
conclusion that the changes have been small. Between 1859 and 1867, 
the most restricted section may have been enlarged 9000 ft. 


Report Chief Engineers, A., 1900, Pt. 5823. 
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Between 1867 and 1900 the changes, any, Mr. Haskell says, are 
unimportant. 

the assumption that the discharge St. Clair River has been 
approximated with fair degree accuracy for each year the 
entire period, 1860 1905, appears reasonably certain that the low 
stage Lakes Huron and Michigan will not persist, that normal 
weather conditions will restore about ft. the lost mean lake eleva- 
tion, and that the only depression below the original normal will 
small amount, any, due the St. Clair River changes and 
small amount due the Chicago diversion. Until the Chicago 
diversion above the present amount about 4200 sec-ft., 
mean lake stage about 581.20 ft. expected. This, may 
stated, 1.70 ft. higher than the lowest mean annual lake elevation 
(579.50 ft.) the past years, which occurred 1896. 

This conclusion relating probable future higher lake level 
than that the period subsequent 1888 inevitable, because 
may accepted certainty that the unusual climatic conditions 
which, since 1888, have resulted deficient output water from 
the Huron-Michigan basin will not continue indefinitely. The 
rence another period, protracted the one subsequent 1888, 
small water-yield the lake basin highly improbable. proper, 
therefore, assume that the years which such low levels those 
1895 and 1896 will will few and far between. 

What has occurred the past, however, may occur again; there- 
fore means should sought keep the elevation Lakes Huron 
and Michigan during any future periods deficient precipitation 
the lake basin. 

some extent the raising the level these lakes can 
accomplished with controlling works the head Niagara River. 
Such works have been recommended, and designs therefor have been 
made the Board Engineers Deep Waterways. This Board 
proposes submerged weir ft. long and series sluice-gates, 
number, and each ft. wide. These works, stated, would 
raise the level Lake Erie ft., the level Lake St. Clair about 
and the level Lakes Huron and Michigan about ft. 
attempt has been made check this forecast. possible, more- 
over, step farther and provide works for the throttling the 
waterway, for the complete control flow, within fixed limits, 
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St. Clair River. The stage Lakes Huron and Michigan could 
then brought under adequate control, and the lake stage could 
maintained all times high required navigation interests. 

That regulating works will sooner later constructed, the 
rivers draining the several lakes, such character that the elevation 
the lakes under proper management cannot fall below predetermined 
minima, reasonably certain. follows, therefore, view the 
benefit that will derived from the use Lake Superior storage 
basin, and the control water surface that will result from works 
below Lake Huron, that navigation interests will but temporarily, 
within reasonable limits amount, and that any deleterious effect 
will not continue beyond the time when the water elevation this 
lake and Lake Michigan will controlled works below Lake 
Huron. 

The stages Lake Ontario and the St. Lawrence River are ques- 
tions apart from the one that has here been discussed. Enough has 
been said, however, show that here, too, the less than normal stages 
recent years are ascribed climatic conditions, supplemented 
very slight degree-only the diversion Chicago. The ultimate 
effect the diversion water from any the lakes, offset the 
equalizing effect lake regulation, upon the stage water the 
St. Lawrence River study that will have made when the 
regulating works come under consideration. 
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FOUNDATIONS 
FOR THE NEW SINGER BUILDING, 
NEW YORK CITY. 


August, 1906, the Singer Manufacturing Company awarded 
contract The Foundation Company New York City, for sinking 
the foundations the addition the old building the 
northwest corner Broadway and Liberty Street, now known the 
Singer Tower. 

This was for lump sum, the basis the foundations 
being carried down ft. below the curb, approximately the 
average depth the top the hardpan shown the borings; for 
much per yard for everything between the depths and ft.; 
and for additional price per cubie yard for everything below ft. 
The price deducted case the depth ft. was not reached 
was about one-half the price added. The progress reports 
each given Plates CXXIV and will 


papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and may 
sent mail the Secretary. Discussion, either oral written, will published 
subsequent number Proceedings, and, when finally closed, the papers, with 
discussion full, will published Transactions. 
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show the justice this proportion. The contract stipulated that the 
work should completed 110 days the same basis depths. 

This not only the fairest method letting caisson work, but 
the only method which should adopted; for the contract 
made for lump sum bed-rock, either the contractor must bid 
excessively high allow for uncertainties, run good chance 
losing his anticipated profits and much more besides. This 
especially true where the borings are what are known wash borings, 
which ever reach rock, but stop the hardpan. This state- 
ment applies least wash borings made for sky-scrapers, although 
does not apply some which have been made for some the 
railroads, where the borings have reached bed-rock the use 
small charge dynamite. 

Diamond-drill borings, course, will find rock but 
only for the exact spot the drill hole; for bed-rock here, known 
New York gneiss, very irregular, fact was found ft. 
higher one than another, although the two caissons were 
only in. apart, each landing comparatively flat rock. 
another case landed one end caisson, ft. long, bed-rock 
and then had dig ft. deep the other end find rock. This 
mentioned because the surface the rock under the Singer Building 
exceptionally level, shown the cross-sections the 
Fig. 

The size the lot approximately ft. Broadway and 115 
deep the south side. 

The tower square cross-section and has columns, all ft. 
center center, making ft. square—measuring from center 
center columns. These tower columns rest pneumatic 
shown Figs. and and are carried bed-rock; Caisson No. 
48-49, the second sunk, was carried rock exploration 
The remaining caissons are not under the tower, and were 
stopped good hardpan. 

first was intended stop all the caissons soon good 
hardpan was reached, but after several had been sunk, including Cais- 
son No. 30-43, which one the tower caissons, was decided that 
all those under the tower should carried bed-rock, and the ques- 
tion arose what could done about Caisson No. 30-43, which 
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PNEUMATIC FOUNDATIONS 
had already been ft. into the hardpan and filled with con- 
crete. The contractors volunteered tunnel under this caisson 
their own expense, that the entire tower would rest bed-rock, 
and this was done successfully follows: 

When Caisson No. 29-35 had been sunk some ft. below the 
bottom No. (Fig. 4), drift was cut under and the north 
end the latter. This drift was about ft. wide and ft. high, and 
when had been completed all the hardpan under the north end 
the caisson was removed (Fig. 5), the distance from the bottom 
the old concrete the top the rock being ft. this point. 

The hole under the north end was filled once with concrete which 
was rammed against the old base (Fig. 6). This, the way, gave 
the opportunity remove, from the original base, piece the con- 
crete, put under air, and this, having been made quite wet the 
first place, was found very hard and compact. well known 
caisson men that concrete when made properly with plenty water 
sets very quickly compressed air and becomes very hard. 

soon the north end Caisson No. 30-43 had been carried 
rock, before described, the adjoining caisson, No. 29-35, was 
excavated rock, and the remaining hardpan under the south end 
No. 30-43 was removed and the space concreted, thus completing, 
out any accident, probably what has been the only attempt ever made 
undermine pneumatic caisson (Fig. 7). course, the original 
excavation had not been carried some the cutting edge 
into good hardpan which the concrete had firmly united, much more 
difficulty would have been encountered, indeed the attempt had been 
made. 

might stated that the cutting edge caisson rarely 
much below the top the hardpan, and should not be, for, 
the excavation carried below the cutting edge into the hardpan and 
the space then filled with concrete, the concrete forms excellent 
bond with the hardpan, greatly reducing the load the base, which 
usually from tons per sq. ft. Whereas, the caisson 
through the hardpan there would almost friction below 
the top the hardpan. 

this case the foundations were designed for tons per ft. 
designing the foundations, was decided that, the wind pressure 
did not exceed 50% the dead and live load, would not regarded, 
the wind strains were not considered. 
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The following are some the principal facts relating the Singer 
Building: 
Height tower from bottom caisson 
top flag-pole 745 ft. 
Height from basement floor top flag- 


Height tower from sidewalk top 


Greatest depth caisson below curb 
Area each main floor 163 sq. 
411 333 9.44 acres, 


Plant.—The hoisting plant consisted four-boom derrick and 
two stiff-leg derricks, with five Lidgerwood double-drum engines, 
ft. in. in. and two, in., and one Lambert, in.; 
addition, there were four Rawson and Morrison boom-swinging 
gears. 

platform was built the level the sidewalk about 
above the excavation. customary excavate the lot about the 
water level before commencing the caisson work proper, 
derrick was built that carts could run under the street level. 


was about ft. square, with four masts ft. high and 50-ft. 
booms. 


“PLA 


The compressor plant consisted one Rand straight-line com 
pressor steam cylinder 18-in. 22-in. stroke, 
capable pumping 1294 cu. ft. free air per minute, 
rated capacity, and one McKiernan 22-in. steam cylinder 26-in. air 
24-in. stroke compressor, capable pumping cu. ft. 
free air per minute with speed 100 rev. per min. Twin air 
receivers were used, each in. diameter, coupled, and ft. in. 
long. There was also 14-in. air cooler, ft. long. 
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The concrete was mixed one Ransome mixer with capacity 
cu. ft., and one Chicago mixer with capacity cu. ft., both 
placed under the street platform. 


Height main building from sidewalk 
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Fig. Plate shows the ground August 28th, 1906, with 
the contractors getting ready build the platform. will noticed 
that they had already stored some 800 tons pig iron the site, 
ready for use, addition 400 tons cast-iron blocks, each block 
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September 17th, the platform had been partially built the 
Broadway level and the erection the four-masted derrick com- 
menced. Plate taken from Broadway, shows tempo- 


rary stiff-leg derrick with gin-pole derrick the rear used for the 
erection the four-boom derrick. 
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Fig. Plate CXVII, taken September 29th, shows the four- 
boom derrick completed and use, the two temporary derricks having 
been removed. 

Fig. Plate CXVII, taken October 8th, 1906, shows the 
for Column No. 50, the first sunk into position, being 
around the shaft which covered prevent the con- 
from falling into the working chamber. also shows the 
caisson under Columns 40-41 the right, place, which was the 
third sunk, the second caisson being behind the derrick. also 
shows another caisson resting the the platform. 

Fig. Plate taken October 13th, 1906, gives good 
idea the temporary forms 2-in. plank, tongued and grooved, and 
planed, used for the concrete top the caissons. will seen, 
the steel angles, usually in., are not cut length for 
each size caisson, but are allowed project beyond the corners. 
also shows the air-lock the first caisson sunk—that under Column 
No. 50—the photograph having been taken two days before air 
put on. 

The four-masted traveler the right one the traveling der- 
ricks the lot the City Investing Building, which was under con- 
struction the same time the Singer Building, the writer being 
retained both. Some interesting problems were encountered, one 
which was locate the cutting edges the caissons each side 
the lot line. Owing the caissons not being strictly plumb, those 
each building encroached under the adjoining property. 
Fortunately for the owners, both sides were trespassers, otherwise 
lawsuit might have given much work the lawyers and engineers. 

Most specifications state very positively that caisson shall not 
out plumb more than certain amount, varying generally from 
in.; but suppose caisson down ft. the ground and 

found be, say, in. more out plumb—in fact, the writer has 
heard of, but has not seen, caisson which was ft. out 
what can done about course, divergence amount 
like ft. absolutely inexcusable, but the best care will not prevent 
error few inches. The only remedy prevention—for 
experienced man can start his caissons right and keep them so, and 
the owner’s advantage attend this from the start. 
caisson gets much out plumb and down certain depth, 
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not only impossible plumb again, but also impossible 
prevent from getting rapidly worse. The best superintendents rely 
the engineers keep them posted how the caisson going, 
for the superintendent who tries this for himself with hand 
level plumb line will much astonished find how far out. 
This the reverse building masonry, for good mason, when 
started right, can generally relied build pier absolutely 
lines. 

Fig. Plate CXVIII, taken October 13th, 1906, shows the 
needle-beams used support the old building. the underpinning 
has been described the technical press, will not enlarged upon 
here. 

Fig. Plate taken October 18th, shows the work 
full blast; Caisson No. the left taking rest while the 
concrete hardening the forms. Caisson No. 48-49, the second 
sealed under air, shown the rear, with heavy cast-iron 
weights piled top the concrete. also shows Caisson No. 30-43 
the day when the compressed air was turned on, and Caisson 
31-32, which the lock being placed. has been stated, some 
1200 tons cast-iron weights and pig iron were use this job 
one time, and can readily understood what expensive item 
was. The great advantage the cast-iron blocks, weighing tons 
each, the saving time handling. The only disadvantage the 
necessity using the derrick when may wanted for other 
purposes. 

Fig. Plate gives good idea one the serious diffi- 
culties which caisson men experience city work, namely, lack 
space; fact, this shown nearly all the other plates. Here was 
lock resting the dumping platform, piles temporary forms 
the roadway, and yet the contractors were obliged con- 
tinually hauling plant, back the yard, returned when 
needed, perhaps few days. 

Fig. Plate taken November 12th, 1906, shows where 
part the dumping platform has been cut away for Caisson No. 28-34, 
the thirteenth sunk. also shows 12-in. timbers piled 
under the dump and section shafting the corner, with forms 
everywhere—on top the shanties, leaning against the wall, 

Fig. Plate taken November 20th, shows similar 
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condition, the only space left clear being room for team drive 
from Broadway, under the derrick, where could turned around 
good driver. 

Fig. Plate CXIX, bird’s-eye view, makes the unavoidable 
jumble look even worse. 

Fig. Plate shows caisson which has just been lifted off 
the truck and gives excellent idea its construction. The bolts 
shown extend down the cutting edge, and are in. diameter and 
about ft. apart; the temporary 2-in. plank roof, which the men 
are standing, was removed about hours after ft. concrete had 
been placed upon it. Fig. Plate CXXI, also shows the special 
provision made for “hooking on” the for hoisting, which 
much neater and better than the old way—still often seen—of 
wrapping around the caisson rope chain which was always likely 
slip and injure it. 

The cutting edge angle with the 6-in. leg 
horizontal; top the cutting edge horizontal course 
in. (12 in. vertical), then four courses in., top 
which course. The longer caissons, course, have 
struts and ties the air-chamber. 

Fig. Plate CXIX, taken January 7th, 1907, gives Broadway 
rather unnaturally deserted appearance, but gives good end view 
the combination collapsible shafts, and under them some bottom- 

Fig. Plate taken the same day, shows the coffer-dam 
top the forms caisson, but the writer can vouch for the 
fact that caisson this work was much out plumb this 
picture would indicate; which goes prove that the camera some- 
times quite liar. 

Fig. Plate taken January 21st, 1907, shows the four- 
masted derrick nearly all removed, the 28th caisson having been com- 
pleted January 18th, leaving only two done, and, these were 
directly under the derrick, they could not placed until the 
derrick and its platforms had been removed, was January 23d 
and 24th, respectively, before these two caissons were located, and the 
13th and 19th February before they were completed. Thus the 
work was done 154 days from the time signing the 
the 110 days the contract being understood cover the time 
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taken the sinking stopped Elevation 70; but all the caissons 
went below this depth, many below ft., and the additional ft. 
sinking consumed more time than the upper ft. 
Fig. Plate CXX, was taken January 23d, 1907, just before 
the 29th caisson reached the site. Caisson No. 3-9 (the 28th finished), 
though completed, still shows the lock and cast-iron weights place. 
This view was taken looking toward Broadway, whereas the previous 
views were taken looking from Broadway. 
Fig. Plate taken January 29th, shows additional 
derrick, erected three high trestles, just for handling these last 
two caissons. 
Fig. Plate shows the needle-beams and screw-jacks used 
underpinning the old building; and 60-ton screw-jacks were 
used. 
Fig. Plate CXXII, February 16th, 1907, gives fair idea 
the constant changes the platforms, etc., the work progressed 
from day day. 
Fig. Plate taken February 16th, 1907, looking toward 
Broadway, shows the last caisson three days before the air was taken 
off. also shows how rapidly the place was being cleaned order 
set the bases, finish the concreting, 
One month later, that is, March 16th, 1907, Fig. Plate 
shows that all the derricks The Foundation Company have been 
removed, and that big guy derrick for the iron erectors—Messrs. 
Milliken Brothers—has been put place; the anchor-bolts, bases, 
are everywhere evidence. 
Fig. Plate March 25th, shows two these guy 
derricks place, and Fig. Plate and Fig. Plate 
April 5th, show very different scene, the erection the steel- 
work being well under way. These two views show very plainly how 
the were anchored the caissons, the detail the anchors 
being shown Fig. 11. Mr. Semsch designed these with sec- 
tions decreasing from the top down the bottom, ft. below the 
curb, the idea being save the weight the anchors counting 
the adhesion the concrete the steel bars, using per 
sq. in. for adhesion, allowed the New York Building Department. 
Thus, for the bottom ft., Mr. Semsch used one bar varying from 
in. in.; for the next ft. above, used two 
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bars varying from in. in., and coupled the lower 
bar pins in. diameter; for the next ft., from ft. 
304 ft. below the curb, used three bars varying from in. 
in.; then four bars ft. below the these running 
pin which connected the four flat bars with four round rods, 
which were in. diameter where the uplift was 270 tons, and 
in. diameter where was 480 tons. These are the round rods 
projecting above the column bases shown the plates. They were 
ordered ft. longer than the calculated length allow for any 
variation the depth the caisson, etc. 

three the columns (Nos. 11, 16, and 22), the base was ft. 
lower, the four top flat bars were omitted, the saddle being placed 
top the three flat bars. 

The columns anchored were interior columns, ten all, viz., Nos. 
11, 15, 16, 21, 22, 26, 27, 28, and 29. 

Table showing loads foundations, made from figures 
Messrs. Boller and Hodge. 

the courtesy The Foundation Company, the writer was 
allowed access all records construction, and, therefore, has 
been able give, Table the complete record each individual 
caisson. This table shows the number caissons the site and the 
number under air any one time. also shows the difference 
time consumed going through quicksand and hardpan; for instance, 
Caisson No. 17-18, the tenth sunk, 503 ft. sand were 
hardpan. The writer has seen caisson penetrate only in. 
hours, where boulders, etc., were encountered. 

will noticed that the total number hours under 
air very much greater than the total number hours actual 
excavation and concreting. This was due the fact that forms were 
used above the deck instead coffer-dams, requiring the excavation 
stop until the was hard enough allow the forms 
taken off safely. 

Where coffer-dams are used, the sinking can kept con- 
tinuously, even the concrete being placed below the ground level, 
which, course, impossible with forms which have removed. 
Again, where the penetration thus suspended temporarily, the quick- 
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Wind loads. 


375.5 


747.1 Anchor. 


747.1 Anchor. 


747.1 Anchor. 


747.1 Anchor. 


873.5 
747.1 Anchor. 
747.1 Anchor. 


747. 


Anchor. 
Anchor. 


747.1 Anchor. 


747.1 Anchor. 


14 | 1 | 
414.0 
537.4 
621.3 
20 | | 1 414.0 
474.8 
474.8 
549.0 373.5 
1 
414.0 
420.8 
694.3 
664.7 650.3 
712.8 747.1 
447.5 373.5 
133.3 
191.1 312.9 
131.8 215.7 
214.4 
142.8 152.2 
147.5 
143.6 186.8 
143.6 
143.6 
120.3 147.5 
312.8 
350.0 402.0 
280.3 
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TABLE SINKING CAISSONS FOR THE SINGER BUILDING, 1906-1907 (Continued). 


| | | 
Excavation stopped Rock Rock Hardpan Rock Hardpan Rock Rock Rock Hardpan Rock 
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sand apt pack against the caisson, greatly increasing the friction 
and requiring much more pig iron overcome it. 

This form construction shows the greatest advantage where 
possible place all the concrete the caisson before the sinking 
commences, where the total depth caisson and coffer-dam will 
not more than ft. 

soon caisson was placed and had some weight it, was 
“ditched,” that is, sunk—generally about ft.—without air, 
make safe add the locks and more concrete and make the 
bracing against overturning easier. 

Instead giving average case extreme cases, both which 
are usually misleading, the history every caisson given Table 

The writer has endeavored confine this description what 
was out the ordinary, and the unique feature the foundations 
the Singer Building was certainly the undermining Caisson No. 
30-48. tabulating No. the results are those obtained when 
was originally sunk, and not include the tunneling. 

course, contractor always wants stop pumping compressed 
air into caisson soon can with safety, after has 
been filled with but would much better keep the 
air pressure for least from hours after the concreting 
completed. The writer has repeatedly found that this were done 
make the concrete the air-chamber water-tight, whereas, 
were not done, the water would rapidly force its way through the 
the top, and nobody will claim that advisable have 
water flowing through concrete before has set. 

has been stated that the sample concrete taken from the 
bottom Caisson No. 30-48, when was undermined, was the 
hardest, showing that.the concrete had set sufficiently before the air 
was taken off. 

Table the caissons are designated the number the 
columns resting them, originally laid out the column plan, 
Fig. 

The entire work was done under the personal direction Mr. 
Coleman, the Executive Officer the Singer Manufacturing Company, 
and Mr. Ernest Flagg, his Architect. Mr. Semsch was Chief 
Engineer for the Architect, and Mr. Howells had charge the 
inspection for him. Boller and Hodge, Members, Am. 
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E., were the Consulting Engineers for building, the Con- 
tractors being The Foundation Company, which Mr. Franklin Rem- 
Jarrett, Assoc. Am. E., and Brown, Am. E., 
are members. Mr. Alexander Allaire was Superintendent charge for 
the Contractors, and the writer was Consulting Engineer for the 
caisson work for the owners. 


desires thank the owners, architects, engineers, and con- 


tractors for their kindness furnishing information, records, etc., 
for this paper. unnecessary state that their work the 
building was well done. 
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WATER-WORKS VALUATION AND FAIR RATES, 
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THE MAINE SUPREME COURT DECISIONS 
THE WATERVILLE AND BRUNSWICK CASES.* 
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Eleven years ago timely paper Wynkoop Kiersted, Am. 
Soe. E., upon the “Valuation Water-Works Property,”+ and the 
very interesting discussion which followed it, shed much light this 
important question, which was the outgrowth well-defined move- 
ment toward municipal ownership water-works. 

Since that time many plants have been taken the municipalities 
which they were serving, and some noteworthy legal battles have been 
fought under the leadership lawyers unusual ability, assisted 
experts this field engineering. the course this litigation 
the courts have handed down some important decisions, from among 
which two opinions, covering the broad legal and economic principles 


papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and may 
sent mail the Secretary. Discussion, either oral written, will published 
subsequent number Proceedings, and, when finally closed, the papers, with 
discussion full, will published Transactions. 

Water District City Waterville and others, Savage, Maine, 185, 
and Topsham Water District Maine Water Company, Savage, J., Maine, 


+Transactions, Am. Soc. E., Vol. pp. 
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underlying the subject water-works valuation and rating, stand out 
bold relief. These two opinions, rendered the Supreme Court 
Maine guide two Boards Appraisers their valuation certain 
water-works properties, were veritable beacons the uncertain sea 
public service corporation valuation and rating, and, with their 
application three recent Maine cases and certain rulings one 
these—the Portland valuation case (by the tribunal upon which 
sat Judge Savage, the writer the Maine opinions referred to, and 
one his then Associate Justices, Judge Powers)—furnish the text 
for this paper. 
THE WATERVILLE OPINION, 


The opinion Judge Savage, the Supreme Court Maine, 
Water District vs. City Waterville and others, Kennebec 
opinion, December 27, 1902,” delivered accordance with act 
the Legislature advance the taking, the Water 
District,* the plant the Maine Water Company (supplying the 
City Waterville and the Towns Winslow, Fairfield, and Benton), 
laid down for the first time instructions appraisers—-upon the law 
eminent domain applied such cases, upon the considerations 
which should govern them their determination the value the 
water-works plant taken, and upon damages, and upon evidence—in- 
structions which may said have become classic, often have 
they been quoted counsel water-works valuation cases, and 
large part have they played the trial such cases. 


Ambiguity Waterville Opinion 
Interrelation Value and Fair Rates. 


Good and helpful was the Waterville decision, however, was 
vague and ambiguous, its discussion the interrelation value 
and fair rates, leave the student endless circle reasoning 
and labyrinth doubt its meaning upon this point. held 
that: 

“The property taken, both plant and franchises, are 
appraised, having view their value property itself and their 


value source income. There are these elements value, but 
only one value one entire property appraised the end. 


*See article Harvey Eaton, Esq.. New England Water- 


Works Assoc., Vol. XIX, pp. 147-162, June, 1905, Maine Water Districts and Appraisals.” 
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These elements necessarily shade into each other.” (97 Maine, 185, 
Par. 27.) 


“In addition structure value, the appraisers should allow just 
compensation for all the franchises, rights and privileges taken.” 
(Par. 22.) 


“In estimating even the structure value the plant, allowance 
should made for the fact, proved, that the Company’s water 
system going concern with profitable business established, and 
with present income assured and now being earned.” (Par. 19.) 

“The value the franchise depends upon its net earning power, 
present and prospective, developed and capable development, 
reasonable rates; and the value assessed the value the seller 
and not the buyer.” (Par. 23.) 


Note the last statement that “the value the franchise depends 
upon its net earning power, reasonable rates 
the latter, Judge Savage says: 


charged public service corporation the fair value the property 


used for the convenience the public.” (97 Maine, 185, 
Par. 3.) 


service corporation, and entitled charge reasonable rates for its 
services, and more.” (Par. 2.) 


Thus Judge Savage appeared hold that the franchise value 
depended upon the reasonableness the rates, and that the reasonable- 
ness the rates must depend (among other things) upon the fran- 
chise value. First, determine the fairness the rates, 
the franchise value; but before one can determine the fairness the 
rates, one must determine the franchise value (as the rates are 
based upon the entire value including franchise); and before one can 
determine the franchise value one must determine the equitableness 
the rates. The very hypothesis begged the question. How could 
the circle broken 

referring this opinion being, the above-mentioned 
respect, “vague and ambiguous,” the writer has used the words ad- 
visedly for the reason that Judge Savage did appear nevertheless 
have mind the fundamental gauge for the reasonableness the 
rates, the principle outlined beautifully his opinion the 
Brunswick case, will shown later this paper. Thus, says 
the Waterville decision (97 Maine, 185): 
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“At the same time, the public have the right demand the 
rates shall higher than the services are worth them, not the 
aggregate, but individuals.” (Par. 4.) 

“Summarized, these elemental principles are, the right the 
company derive fair income based upon the fair value the 
property the time being used for the public, taking into 
account the cost maintenance depreciation, and current operat- 
ing expenses, and the right the public have more exacted 
than the services themselves are worth.” (Par. 5.) 


Had Judge Savage but omitted the last seven words his Para- 
graph (the first just quoted), and thus made his gauge 
the worth the service the public, had changed the last words 
Paragraph read “than the services are worth them, the 
aggregate individuals,” did substance his later 
opinion, all confusion would have been avoided. 


Abstract Waterville Opinion. 


However, the Waterville opinion was weak this respect, laid 
down specific rules for the appraisers’ (and counsels’ and experts’) 
guidance upon the following points—rules which have been great 
service these cases—and thus propounded the law advance the 
establishment the essential facts the case adjudicated, 
very difficult, exacting, and dangerous task: 


The property the Company includes the real estate other 
property, the plant physical system, all franchises, rights and 
privileges, exercised capable being exercised. (97 Maine, 
Par. 27.) 

The real estate must appraised its fair market value not 
forced sale but worth seller under prudent and beneficial sale. 
(Par. 7.) 

Actual construction cost (with proper allowance for depreciation) 
and reproduction cost are competent but not conclusive controlling 
evidence. (Par. 8.) 

Structure value should include going concern with profitable 
business established, and with present income assured and now being 
earned, proved. (Par. 19.) Good will should not considered 
far the water system practically exclusive. (Par. 20.) 

fixing structure value, including the element going concern, con- 
sider also the present efficiency the system, quality the water and 
service, fitness the plant and the sources water supply meet rea- 
sonable requirements present future, necessary time construct 
novo, and the time and cost needed after construction develop 
such new system the level the present one respect busincss 
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and income, and the added net income and profits which would accrue 
during this period construction and development.* (Par. 11, 21.) 

Franchise value depends upon its net earning power, under reason- 
able rates. The value assessed the value the seller, not the 
buyer, but always subject the fairness the rates. (Par 23.) 
So-called unlimited franchises are neither perpetual nor irrevocable 
(Par. 7), nevertheless the fact that the franchises are taken 
respect impairs their value. (Par. 26.) Past unfaithfulness, mis- 
behavior delinquencies Company involving perhaps liability 
forfeiture the franchises are not consideration. (Par. 13, 14.) 
considering prospective development and use the franchise, the 
further investment necessary and effect upon income and rates are 
pertinent matters. (Par. 24.) 

The basis all calculation the reasonableness the rates 
the fair value the property used the public service corporation 
for the convenience the public, and the Company entitled 
charge reasonable rates for its service and more. (Par. 2.) 
more shall exacted from the public than the services them- 
selves are worth, are worth the public individuals. (Par. 

5.) The actual earnings and rates charged the Company 
are admissible evidence, but their weight dependent upon the 
reasonableness the rates among other things. (Par. 10.) The 
early hazard and losses are also considered with reference 
the past which might otherwise have been excessive. (Par. 
6.) Even excessive, deduction made for the rates col- 
lected the past, but the fact borne mind considering 
the present future income. (Par. 15.) 

“Capitalization income, even reasonable cannot 
adopted sufficient satisfactory test present value. But while 
not test, present and probable future earnings reasonable rates 
are properly considered determining the present value the 
system.” 


Brunswick 


1905 the Brunswick and Topsham Water District took the 
works the Maine Water Company, supplying the City Brunswick 
(leaving the Company that portion its plant supplying the 
City Bath), and, the Waterville case, under legislative 
authority obtained from the Supreme Court Maine, advance 
the trial the case, opinion covering the same general ground 
the Waterville opinion—eminent domain, instruction appraisers, 
franchise valuation, damages, evidence, and private and special 


The latter would seem come rather under the head franchise and future earnings 
than under structure value and going concern. 


and Topsham Water District Maine Water Company, Savage, J., 
Maine, 
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Fortunately, this duty again fell Judge Savage, for gave him 
the opportunity clear the ambiguity his earlier decision and 
forward his admirable work—for these two masterly decisions 
bid fair play most important part the future, not only water- 
works valuation, but also “fair-rates” cases involving public service 
corporations. 


Abstract Brunswick Opinion. 


The legislature not competent prescribe rules for damage, but 
rules assented the inhabitants the water district are made 
binding their approval the charter. (Maine, 99, 12.) 

Actual construction cost bears upon reasonableness rates and 
present value, but not conclusive. rise prices the present 
value greater than the original cost, the owner entitled the 
appreciation; less, must suffer the loss. (Par. 4.) 

Structure value must include consideration the facts that the 
structure use, going concern, lawfully use, that is, 
that the structure going concern use virtue franchise. 
(Par. 3.) 

The reproduction cost figured the date taking 
prices for materials and labor during period long enough before 
that time for the construction and final completion the works 
the date taking; and interest during the construction period 
allowed upon the money invested part the construction cost. 
(Par. 10.) 

Reasonableness the rates must based upon the fair value 
the property used the company for the service the public, in- 
cluding therein not only structure and going concern values, but also 
franchise value. The reasonableness the rates relates 
both the owner and the customer, but case conflict the rates must 
any event reasonable the customer. (Par. 6.) The reason- 
ableness rates must determined the preponderance evi- 
dence. (Par.9.) The amount money actually and wisely expended 
producing the plant primary consideration. (Par. 
which the aggregate exceed fair return the property and 
franchise the company involve unreasonable rates. (Par. 8.) 

Worth the public service company cannot law- 
fully charge more than the services are reasonably worth the public 
individuals, even charges limited would fail produce fair 
return the owner upon his property investment.” (Par. 7.) 

“The worth water service such connection the worth 
the customers individuals, but individuals making com- 
munity water takers.” (Par. 14.) 
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“In estimating the value public service the public the 
customers, one the elements necessary considered the 
expense which the public customers, community, might serve 
themselves, were they free so, and were not for the practically 
exclusive franchises the supplying company. Water re- 
garded product, and the cost which can produced dis- 
tributed important, though not the only, element its worth.” 
(Par. 18.) 

Communities are entitled the benefit natural advantages, and 
the company not entitled charge enhanced rates based upon the 
cost using the more expensive source. (Par. 15.) 

Damages for severance are allowed. (Par. 11, 16.) 

Eminent domain. The award made under the principles 
eminent domain and upon such principles eminent domain 
were agreed the voting constituents the water district 
approving the charter. 


GENERAL CONSIDERATIONS AFFECTING VALUATION 
AND 


The following outline indicates general way the more im- 
portant considerations bearing upon water-works valuation and rating 
and the the inquiry which the expert will likely wish 
make order form his judgment the value any particular 
works the fairness the rates charged them: 

A.—Data Relating 

population, and industries and buildings. 
Past, present, and probable future, United 
States, State, and Local Census. 
3.—Assessed valuation: Past and present. 
B.—History Plant and Dates Construction and Further 
Development. 
incorporation: Charter. 
Exclusive not, perpetual limited, terms 
purchase extension. 
for public and private water service: Terms, 
time, and prices. 


4.—Tax exemption otherwise. 
5.—General laws affecting company: Local ordinances 
orders. 
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Plant.— 
1.—Source supply: Character, artesian, ground, surface. 
2.—Population water-sheds, and sanitary conditions. 
3.—Quality, 
Quantity, available drainage area; storage and pondage, 
variation yield. 
5.—Adequacy for present and probable future needs. 
rainfall and flow statistics. 
taps, services, and consumers; number 
meters. 
8.—Water consumption and uses: Gallons, average per day, 
total, per capita, per service, tap. 
9.—Variation and character consumption. 
10.—Reservoir system: Character, amount, location dis- 
tribution. 
distribution system: Character, kind, and extent. 
12.—Efficiency: Age, deterioration, probable life, effects 
electrolysis, ete. 
13.—Available domestic supply, quantity and pressure. 
14.—Available fire supply, number and character streams. 
service compared with present and prob- 
able future needs. 
re-enforcement. 
17.—Possible competitive sources supply, with data for 
comparative estimates cost. 
station data. 
19.—Purification data, sedimentation, filtration, softening, 
20.—Plans: General and detail; elevations, 
Prices Labor and Building Materials; Hours Em- 
ployment; Ordinances Regard Labor, 


public, commercial, and domestic rates, past 
and present. 
elsewhere vicinity (probably not admissible 
evidence, but service experts). 
G.—Operating Statistics—(Annual for period years, during 
whole life plant, possible.) 
1.—Gross income. 
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a.—Classification gross inéome: Public hydrants and 
other uses; domestic and manufacturing; metered and 
fixture service; license permit for tapping; profit 
services; house plumbing, 
2.—Operating expenses. 
a.—Administration salaries and wages; legal, engineer- 
ing, general, and miscellaneous expense. 
b.—Buildings and real estate: Rental, care and repairs. 
Labor, fuel, oil and waste, sundries, re- 
pairs. 
d.—Filtration: Labor, chemical coagulation supplies, sun- 
dries, repairs. 
mains and service pipe work: Labor, supplies, 
miscellaneous repairs. 
Labor, supplies, miscellaneous repairs. 
and taxes. 
3.—Net income gross income less operating expenses. 
4.—Maintenance depreciation and renewals. 
5.—Fixed charges: Interest bonds and floating loans. 
6.—Sinking fund requirements. 
stock and surplus. 
8.—Unit figures: Gross and net income, per million gal- 
lons daily, per tap, per capita, per mile pipe, 
derived from the above. 
H.—Sinking Fund, Surplus, and Interest and Dividends Paid 
Past, and Resulting Average Earnings upon Original Cost 
Investment. 
Estate and Water Rights, etc.— 
of. 
2.—Market value of. 
3.—Assessed value of. 
J.—Structure 
cost original plant and subsequent exten- 
sions and betterments: 


a.—Date and amount of. 
b.—Character prices, compared with normal prices 
that time. 


outlays and provisions for the 
future. 
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d.—Date and amount extensions and betterments. 
2.—Reproduction cost date taking, buying 
terials sufficiently advance have plant ready for 
operation date taking. 
3.—Depreciation: Annual and total date. 
4.—Cost betterments necessary improvement service, 
completed date taking. 
a.—Anticipated increase earnings from 
ments. 
b.—Anticipated increase decrease operating ex- 
penses from these betterments. 
c.—Depreciation and fixed charges upon these betterments. 
d.—Difference, net increment charge. 
5.—Competitive sources. Cost and charges that would 
result. 
K.—Lawful Rates and Value.— 
ratio profit the owner promoter 
excess the actual reasonable cost the property. This 
must limited the consideration the profit 
excess over cost which the public would probably have 
been willing allow the corporation the time its 
incorporation, compensation for relieving the city 
the necessity undertaking the work itself, might 
have done cost, but which then elected have done 
for cost plus profit. (The reasonable amount this 
profit will discussed hereafter.) 
2.—Rate interest allowed upon investment, 
property, commensurate with property equal security, 
safety, and risk. 
3.—Annual allowance for depreciation. 
4.—Market value real estate and supplies hand. 
5.—Worth service consumer lawful gross annual 
income for given investment. annual operat- 
ing cost including repairs; plus annual depreciation: 
plus interest upon the sum the reproduction cost* and 
profit increment less total depreciation date (if the 


The reasonableness using fair average reproduction cost instead the reproduc- 
tion cost upon the date taking, the orizinal cost, discussed later. 
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latter has been previously earned). This sum measures 
the lawful annual gross income, the works are capable 
earning it. 
6.—Comparison lawful with actual annual gross income. 
determined reproduction cost plus profit incre- 
ment less total depreciation date (if previously earned), 
plus market value real estate and supplies hand, 
provided the actual annual gross income equals ex- 
ceeds the lawful annual gross income. 
actual annual gross income less than the above deter- 
mined lawful annual gross income, value determined 
capitalizing, the assumed fair rate interest, the 
actual net income derived deducting from the gross 
annual income the operating expenses and annual depre- 
ciation allowance; increasing this sum the market 
value the real estate, and decreasing the deprecia- 
tion date (if the latter has been earned previously 
the rates). 
equivalent annual rate return the owner 
this lawful income, upon the actual cost and upon the 
fair average reproduction cost the works. 
10.—Corrections applied account necessary better- 
ment improvement efficiency the plant, with 
due allowance for any possible increase well decrease 
income, operating expenses, maintenance and fixed 
charges. 
11.—Resulting value owner, subject limitation reason- 
able rates and reasonably efficient service (including 
therein. the necessary improvements betterments). 
City Award Assumed Value.— 
1.—Assumed value award. 
2.—Annual combined cost operation, depreciation and (or) 
sinking fund, and interest upon investment. 
3.—Present annual income. 
4.—Net result upon present conditions. 
5.—Similar figures with allowance for increase decrease 
earnings, operating expenses, depreciation 
charges, due betterments necessary improvement 
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efficiency standard service. may interest, 
though not logically correct, include the total in- 
vestment the actual cost the city acquiring the 
property, that is, the cost court, legal, expert, and wit- 
ness fees and expenses. 

M.—Going Concern Element that this element 
value included the above valuation, and significance 
importance chiefly cases involving valuation plants 
taken after expiration their franchises. 


Company’s Plant. Newly Built Plant. 
First Year.—Net income date gross income for year, 
taking. less operating expenses, plus 
saving state and county 
taxes.* 


Loss first year operation new plant city. 


Second year.—Net annual income Probable gross income year, 
date taking. less operating expenses, plus 
saving in: state and county 
taxes.* 
Loss second year operation new plant city. 
Similarly for third, fourth, years time which the city 
may assumed have developed the business point equal the 
net annual income date taking. 
The total sum the present worths these annual losses may 
considered the “going concern value.” 
N.—The Subjoined Form for and Preserving Financial 
Data Relating Water-Works.—This form (page 1113), used 
the writer for some years, may also service. 


THE ABOVE CONSIDERATIONS AFFECTING 
VALUATION AND 


Legal Rights. 


Inasmuch the majority Maine water-works franchises may 
classed under the popular head “perpetual franchises,” and 


Interest charges not included they are the same for both plants, assume both 
plants ready for operation date taking. Annual depreciation assumed the 
same for both plants, hence ignured. The town taxes are not assumed saved the 
town, must make good, general taxation, any loss from reduction taxes upon 
plant abolition thereof case taking the plant the city. 
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WATER-WORKS 


Place 


Population 

Grav. Pumpg 
Miles Pipe 

per mi. pipe 


Per 1000 popul. 


Per mi. pipe 
Meters 
Per tap 
Pressure (range) 
Hydrants-number 
Per 1000 
Per mi. pipe 
Bonds 
Stock 
Floating Debt 
Gross Income Total 


Per mi. pipe 
consump. 
Gross Inc. excl. Hyds, 
Per capita 


gross income 
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the illustrations given this paper come under this class, the dis- 
cussion has been limited franchises this class. The general 
principle the worth the service the consumer equally applica- 
ble and valuable, however, its bearing upon fair rates, limited 
term franchises. Original Cost. 

The Brunswick opinion gives new life and significance the 
original cost, which, heretofore, has received comparatively little con- 
sideration, any, valuation proceedings the United States, other 
than its remote bearing upon the total depreciation the plant 
date. While recognized that many, perhaps most, cases 
may not possible determine the actual first cost, where available, 
may have very important bearing upon the case, particularly the 
cost was normal and reasonable one the date construction. 

The reasonable annual return allowed the builder the 
works upon their original cost (referred later) largely matter 
judgment, and will influenced many considerations. Roughly 
speaking, may vary from 10% or-even more, the smaller rate 
reflecting the larger works, the better topographical physical condi- 
tions, the more promising field, the greater ease and lesser expense 
making provision for the future, the greater freedom from danger 
competition, the smaller hazard, and the more stable character the 
community; the larger rate reflecting the reverse. 


Reproduction Cost. 


This cost has always been recognized pertinent and important, 
though not controlling, valuation cases. 

has had its greatest influence the case works taken after 
expiration franchise, when the reproduction cost, depreciation, 
going concern value have been very important, not 
elements value. 

Even so, under the Brunswick ruling, reproduction cost has new 
force its bearing upon the cost the supplying itself—- 
the worth the service the consumer—and hence upon the reason- 
ableness the rates. Upon the latter subject more will said under 
the caption the “Measure Fair Rates.” 

Reproduction Rulings upon Prices Assumed.— 
The method figuring the reproduction cost the plant, 
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the courts different States, varies considerably, that the re- 
sults obtained under one ruling may quite different from those 
obtained under another, particularly large plants involving con- 
struction period several years. 

The Maine opinions clearly prescribe the assumption prices pre- 
vailing time advance prior the date taking, cor- 
responding the probable period construction, upon the theory 
that the plant built and delivered complete upon the actual 
date taking. 

the Kansas City case,* and number other cases, the 
other hand, prices prevailing upon the date the taking were taken, 
upon the theory that the valuation was made the date taking 
and hence that the prices that date should assumed. 

Thus, the Portland (Maine) valuation suit, the several engineers 
assumed periods construction from years, and made allowance 
for the interest charges upon construction within this period, with 
resulting agreed reproduction cost, including hydrants (owned 
the city) and services (laid the expense the water takers), 
853 696, cast-iron pipe being figured approximately $29 per net 
ton—all under the Maine ruling before referred to. Had the Kansas 
City ruling been used, the price cast-iron pipe would have been 
approximately $25, with reduction the reproduction cost about 
While the deduction for depreciation would have offset this 
decrease some measure, the net results would still have been 
much less. 

This illustration leads the natural suggestion that equity, 
least, reproduction cost based upon normal average prices for 
period years prior date taking would fairer criterion than 
one based upon the monthly daily fluctuations the material and 
labor 

Reproduction Cost.—Identical Structure vs. Structure Equal 
courts are also divided upon the subject whether, 
the reproduction cost structure, the actual lines 
the structure or, other words, the identical structure under con- 
sideration should adhered to, or, the other hand, whether the 
cost may measured that structure equal efficiency. The 


National Company vs. Kansas City, Federal Reporter, 853-869. 
+See also pages 1135, 1136, seq. 
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Maine Courts have taken the former view, the Federal Court the 
Kansas City suit, the latter. comparatively new young plant 
the difference may insignificant, old plant likely 
large. Something may said favor both methods, though the 
latter, reasonably applied, would appear have greater merit from 
business standpoint. The owner may claim that the plant, though 
old-fashioned and not what would build were 
building anew the date taking, still serving the public ade- 
the buyer the plant would not likely value 
multiplicity parts, as, for instance, three four supply mains, 
built sequence and costing far more than one unit, materially 
higher figure than one equivalent unit, except perhaps far 
duplication may give added factor safety operation. More- 
over, if, through the agency the rates, the owner the property 
has collected from the public depreciation allowance sufficient 
make good this loss efficiency, but just the public and not 
unfair him consider reproduction cost from the point view 
structure equal efficiency rather than identical parts. What- 
ever the views the expert, however, the laws the community 
the counsels’ interpretation them will hold. 


Depreciation. 


water-works system has limited life period usefulness. 
The structure suffers depreciation with the lapse time. The various 
elements composing the physical plant have removed and replaced 
from time time. Broadly speaking, this depreciation may classi- 
fied under physical and functional depreciation, and, certain cases, 
perhaps, under third class growing out expediency 
nary external requirements. physical depreciation meant the 
actual wear and tear operation upon the structure; functional 
depreciation, the obsolescence the structure its inability, for one 
reason another, effectively meet throughout its life the full re- 
quirements the service. Thus the structure may suffer total depreci- 
ation and thrown out service, not only because through wear 
and tear has reached condition where further expenditures for 
repairs attempts make suitable for the required service would 
not economical expedient, but also because recent improvements, 
new inventions, new developments and radical changes service, 
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the demands one kind another involving sweeping changes 
the existing plant, make abandonment necessary. 

The rates depreciation the different component parts 
water-works system vary greatly, both the final limit useful life 
and the progress rate depreciation during that life. The depre- 
ciation may uniform rate, variable rate, indeed 
irregular rate, depending upon various factors. Thus the 
case reservoir, the structure may suffer substantially deprecia- 
tion until the time when has abandoned the requirements 
larger size, greater pressure, other detail service; when this 
time does come, the reservoir actually abandoned, suffers total 
depreciation, or, continues serve partial need, partial deprecia- 
tion. pumping engine may suffer virtually depreciation the 
first year its life, indeed may run more smoothly than when new; 
thereafter, may depreciate steadily, slightly, until outgrown 
and another larger machine has added, when suddenly suffers 
very large depreciation; may then used auxiliary machine 
for portion the time for further period years, until even this 
limited use proves uneconomical, though the engine may held for 
emergency use for some time until finally abandoned, and only 
junk value less cost removal remains. Clearly such life history 
may very erratic one. 

Three general methods calculating the total depreciation 
water-works plant any time its life history, have been developed: 
First, the sinking-fund method; second, the constant-rate straight- 
line method; and, third, what might termed the individual analysis 
method, consideration the local conditions, more particularly 
with their reference one another and their bearing upon the general 
the plant. 

Allen Hazen, Am. Soc. (and perhaps others) has sug- 
gested that calculating the depreciation cast-iron pipe, con- 
sideration the loss carrying capacity would furnish added 
criterion. certainly does, although its direct application im- 
possible, for the reason that the pipe system designed with some 
regard for this very factor—gradual loss carrying capacity—hence, 
charge greater depreciation the early life the plant 
addition the burden the greater pipe sizes used meet this very 
contingency, would make double charge against earnings. 
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this criterion the loss the early years the life the pipes would 
exceed that resulting from the application the sinking-fund method. 
The true results may lie somewhere between the two, though the 
assumed life the structure the sinking-fund method moderate, 
any allowance this score may excessive. 

the opinion the writer, all these methods are but aids 
judgment, and must applied with care and discretion, and with 
clear conception the extent the modifying influences con- 
siderations; subject the engineering field requires richer ex- 
perience riper judgment. Obviously, the first and third second 
and third methods may give identical results. The first method shows 
smaller rate depreciation the earlier years, and larger rate 
depreciation the latter years, the life history the plant under 
consideration, than does the second method. valuation the third 
method can applied readily the others, but accounting—in 
the operation water-works plant—the first two methods are the 
more specific, easier and more certain application. operation 
generally more satisfactory the stockholders have agreed 
and known percentage first cost income charged off depre- 
ciation annually, than have lump sum amounts charged off the 
service demands and the annual income surplus may warrant. The 
former method distribution should less accurate period 
years, and should reduce the extremes fluctuation dividends. 
These general methods have been described clearly elsewhere the 
articles referred herein, make extended 
necessary. 

may said, however, that the work involved calculating 
depreciation the sinking-fund method nominal when the probable 
useful life the structure and rate interest for the sinking fund 
have been determined, provided sinking fund tables are available. 

Bond Formulas, Compound Interest, and Sinking the 
convenience those who may have occasion figure bond yields, 
interest, sinking funds, when tables are not had, the following 
formulas They were collated, arranged, and annotated 
for the writer several years ago one his assistant engineers, 
Frank Carter, Assoc. Am. Soc. The authority for and 
reference the formula given each case. 
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TABLE 


Annual contribution sinking-fund percentage first cost, with 
different assumed interest rates upon sinking-fund accumulations. 


3.0248 
2.4012 
1.7830 1.5051 1.2649 
0.8278 

0.3667 
0.6138 0.2828 
0.2745 0.1699 0.1088 
0.8112 0.1814 0.1030 0.0578 
0.1479 
0.1926 
0.0888 0.0177 


end year compounded annually. 
Abstracted from Robinsonian Bond and Investment Watts Robinson. 


Annual con- 
tribution 
sinking-fund. 


TABLE 2.—SINKING-FUND DATA.* 


Approximate age maturity life structure, with different 
assumed interest rates upon sinking-fund accumulations. 


yrs yrs. yrs yrs 
‘ “ 

‘ 
47 41 37 338 
41 87 33 “ 380 
37 33 380 28 
84 “ 80 28 26 be 
31 28 ot 26 ‘ 24 
23 22 “ 20 19 “ 
ll 10 1 10 
ee 

6 6 6 6 “ 
5 “ 5 5 5 “ 


end year compounded annually. 


and Investment Tables,” Watis Robinson: 
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Bonds.—B face bond, 
years bond has yet run, 
rate interest bond bears, 
rate interest which coupons are reinvested, 
rate interest which investment yields. 

All rates interest are here taken per year. 
Common Method.— 


1 
Algebra. 


The Robinsonian tables are not figured the basis the above 


formula, but follows:* 
Robinsonian Bond Values.— 
Yr’ 


+B=P 


(2) 


*See page 1122. 


(After Robinson.) 
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the Robinsonian tables interest compounded semi-annually. 
Formulas and differ from all other bond value formulas this: 

that the values are computed the hypothesis that the reinvestments 

interest necessary compensate for the premium discount which 

bond bought are here invariably made the rate per annum. 

Compound Interest and Sinking Fund Formulas.— 

principal, present worth, 

rate interest one dollar for one year, 
amount one dollar for one year, 


number times year that interest payable, 
annuity payable beginning year, 
annuity payable end year, 


annuity payable the beginning each year and the 
end last year, 


(Wentworth’s Algebra. 377.) 
(Wentworth’s Algebra, 377.) 
+1 
C.) 
(Well’s Algebra, 381.) 
Annuity payable ond year............ (10) 


(Well’s Algebra, 381.) 
(Wentworth’s Algebra, 379.) 


Sinking fund, payment beginning year..(11) 


(After Frizell.) 
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Annual payment made beginning year 
establish sinking (12) 
(After Frizell.) 
Sinking fund, payment end year........ (13) 
(After Frizell, 94.) 
tablish sinking (14) 
(After Frizell, 94.) 
Present worth. Perpetual (15) 
years and continue for years........ (16) 
(Well’s Algebra. 
(Well’s Algebra.) 
years with payments.......... (21) 


(After Robinsonian Tables.) 
The annual payments made the beginning each year and 
the end the last year, payments will made. 
Method Comparing Economy Structures.—* 
first cost, 
value which plant may sold end years, 
number times year that interest payable. 
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Proof Formula 22: 

Formula 15, 

Formula 13, 


the third term should contain assuming the same 


the period life different portions the water-works 
plant, opinions vary with the views and experience the engineer 
man rendering judgment, and many local circumstances and conditions 
affect the efficient useful life the structure and hence the depre- 
ciation very materially. Generally, however, the useful life those 
structures has been assumed different engineers, testifying water- 
works valuation cases, lie between the general limits given 
Table 

TABLE 


ANNUAL CONTRIBUTION DEPRECIA- 
TION ACCOUNT SINKING FUND 


General 
approximate 
results. 


annual rate 
sinking fund. 


Masonry buildings 
Wrought-iron service pipe .......... 
0.8278 
Pumping and auxiliary machinery... 


OT CO OT C0 09 CO. 


Average for entire plant (gravity 


Except where subject heavy deposit silt. 


1123 
a 
Useful 
i 
2/0 


1124 WATER-WORKS VALUATION [Papers. 


The figures for depreciation Table may largely exceeded. 
rapidly growing, young community, the efficient life the structure 
may very short; pumps may outgrown and discarded within in- 
stead 30, years’ time; pipe may replaced years even 
less, and yet reasonable prudence may have been exercised the 
original design; but the promise development, direction 
growth, character the demands the service, may have been 
too uncertain warrant larger outlay and design the 
original construction. 

principle, therefore, every water company should “write off” 
deduct annually from its assets sum which will, least, cover 
this depreciation, and the writer the opinion that, inasmuch 
this allowance has made advance the development the 
facts and testing the structure, liberal policy should adopted 
order ensure reasonably the future integrity the capital 
invested the plant far this phase operation concerned. 

The total annual depreciation will generally found lie 
between the following limits: 


For gravity works from 1%. 
“ pumping “ “ 14% “ 2% 


original cost, though considerable variations from these limits will 
found, owing the abnormally high functional depreciation result- 
ing from errors judgment, the development structural weakness, 
faulty design, from over-niggardly policy original construction, 
and multiplicity other causes. 

Sinking Fund Substitute for Depreciation—As matter 
fact, while few municipalities have recognized this depreciation 
perhaps even considered the underlying theory it, they have, 
effect, made allowance for the sinking-fund provisions the 
bonded debt, and may added that the sinking-fund requirements 
have usually been excess the necessary allowance for deprecia- 
tion, result the assumption shorter life for the bonds than 
the actual life the structures covered them, though, perhaps, 
there tendency to-day issue longer term bonds—the terms 
which some cases exceed the probable life the structure. This 
practice condemned unless the sinking-fund requirements cor- 
rect this evil; even then this practice appears illogical. 
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Renewals.—Engineers are somewhat divided opinion the 
necessity charging off depreciation any portion renewals in- 
volving betterment the service. Some contend that renewals 
involving betterments service—there being difference opinion, 
course, regard renewals which are mere replacements exist- 
ing structures—should charged part only construction; or, 
other words, that the value the original structure not previously 
written off depreciation should deducted from the construction 
account simultaneously with the addition the increment 
value the renewal represented the betterment the service; 
while other engineers contend that the entire cost the element 
the renewal representing the betterment the service, should 
charged construction account, without any deduction account 
the remaining value the original structure which has been sacrificed 
lost, upon the theory that the betterment demanded increased 
business larger requirements, and that hence the new business 
should carry the entire burden the larger debt thus created. 
take concrete example, let suppose that the growing needs 
community necessitate the relaying 6-in. pipe with 12-in. pipe. 
Upon the first theory the water-works company would entitled 
charge construction account only the difference between the entire 
cost the 12-in. pipe and the remaining value (i. e., not yet written 
off) the 6-in. pipe, the rest being charged renewals offset 
depreciation; upon the second theory, the entire cost the 12-in. pipe 
might charged construction account upon the theory that the 6-in. 
pipe was still adequate meet the requirements for which was laid, 
and that the larger main was required the greater demands 
added business which should therefore carry its entire cost. Further- 
more, say exponents the second theory, the saving interest upon 
the smaller original structure during its life, compared with the 
larger structure had been built, has more than covered the cost 
the smaller structure, which replied, that this fact has 
significance beyond pointing the limits rational design. 

Certainly the first theory the more conservative and safer from 
the point view the bondholder owner the property. 


Land, Water Rights, Etc. 


Real estate must, course, valued the basis market 
value and not upon the foregoing rules. 


q ; 
J 
: 
| 
| 
| 
| 
f | 
J 
n 
e 
i- 
| 
4 
| 
a 


1126 WATER-WORKS VALUATION [Papers. 


Monopoly Value Land and Water the Maine 
Courts have laid down the rule that the public entitled the most 
advantageous development, does not appear that consideration shall 
not given the fact that some cases what may loosely termed 
monopoly value may attach property this character. Take 
the case, for instance, reservoir site, where several alternate 
and equally advantageous sites are available, particular value can 
attach any one property excess its market value. If, the 
other hand, there but one site which can used for this purpose 
without going great expense obtaining another, additional value 
excess the market value would appear inhere this property. 
Under some circumstances, perhaps, the limit this value might 
equivalent saving construction upon this site, compared with 
less favorable site, with the cost alternate method accom- 
plishing the same results, with the additional cost modifications 
the design the plant meet the same ends. Generally speaking, 
however, this increment value will measured not the manner 
stated, but the additional sum money which purchaser would 
have been likely give for this property when purchased it, 
advance the construction the works, view the possible use 
this property the company later date. prospective purchaser 
would undoubtedly pay larger sum for property with such inherent 
possibilities, but, the other hand, there was possibility his 
having hold the land for considerable period years, might 
consider this additional speculative value small. 


Commodity Value. 


The idea attempting value water delivered through pipe 
system commodity, appears fundamentally wrong except under 
such conditions might prevail desert where water not 
found locally, within reasonable distance for transmission 
pipe system, and the writer has certainly not chanced hear any 
which valuation water commodity has had standing. 
state that water, where the supply potable and suitable water 
manifestly excess present prospective needs the community, 
can have value for many and diverse uses true commodity, appears 
contrary fact. The value the water the community, aside from 
possible uses for the development power, created solely the 
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demand for water supply for public, domestic and manufacturing uses 
the particular community under question, and that, moreover, 
limited quantity. has value only the limit the demand 
market for it; short, the only market for this water local one, 
and there several possible alternative sources supply, the water 
actually use derives its value, not from the fact that com- 
modity, but from the existence the franchise under which the com- 
pany operating and from what might otherwise considered there- 
under monopoly value water supply, that is, the right sell 
water given community for profit, usually under non-competitive 
conditions. The water has value the company, not solely from the 
fact its existence, but also from the company’s charter franchise 
right distribute and collect toll; therefore, the commodity 
theory weak that entirely overlooks the duty the company, 
under common law rules and the Maine decisions, furnish water 
service the consumer price that fair any event. Far from 
being commodity value, this value predicated upon the fact 
service and worth the consumer, and fundamentally dependent 
upon the franchise which gives monopolistic value the water 
prescribing non-competitive conditions. 


Liability Water Companies 
for Fire Loss Due Inefficient Service. 


consideration which, heretofore, probably has had little weight 
water-works valuation, but which may depreciate properties this 
character permanently, that the financial liability water com- 
panies for loss incurred fire, which inadequate fire service can 
proven. Court decisions have been numerous upon both sides 
this question, but the weight decisions has—before the Greensboro 
decision—been largely favor the water companies, upon the 
technical ground that, inasmuch the water consumers were not 
parties the contract the water company furnish water the 
city for fire protection (or, use safer word, water for fire service), 
they could not sue the water company for breach contract. Judge 
Brewer the Supreme Court the appealed Greensboro Water Com- 
pany decision,* however, has taken the view water-company liability 


*Guardian Trust Deposit Company vs. Fisher, 200 57, Brewer, 115; Federal 
Reporter, 184. 
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based upon the broad ground negligence, decision far-reaching 
importance many water companies, suggesting the need the 
greatest care the preparation and wording fire-service contracts. 


Going Concern Value. 


The Maine Court has ruled that the “going concern” “established 
business” element structure value. may defined the 
cost establishing, the level the net income the old plant 
the date taking, the business similar new plant (but not 
more perfect system which the city might build), which supposed 
begin operation upon the date the taking, the old plant going out 
business the same moment. Or, put the same thing 
another way, the measure the greater value (at the date 
taking) old, established plant, over similar new plant com- 
and ready for operation upon the date taking. Or, put the 
same thing still another way, the measure the cost 
developing the business new plant point coincident with the 
net income, upon the date taking, the old plant. 

Hence the “going concern” “established business” element 
value—subject the fairness the rates and the character the 
service—depends directly upon the net income earning capacity 
the works the date taking, and there does not appear 
justification for including this value, some experts water- 
works valuation’ have done, consideration the increment net 
annual income the period years after the date taking, during 
which the business being established. The latter (increment) clearly 
pertains franchise and not going concern value. previously 
stated, the going concern value only one element value, included 
the total value found capitalization consideration the net 
income under reasonable rates. add the going concern value the 
total value would involve double payment for the same thing, but 
the the plant the franchise which has expired, the going 
concern value must usually and added the reproduc- 
tion cost less depreciation thereon date, order determine the 
value the plant. 

passing may interest suggest certain underlying 
principles bearing upon the going concern element value. the 
course their development and life history most water-works plants 
pass through the following phases: 
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1.—That the plant which has not been operated for 
ciently long period years develop its normal revenue 
rate growth, or, other words, that has not passed 
through the formative period. 

2.—That the plant which has passed through the formative 
period, but which has not yet made good, through its 
increasing revenues, the losses sustained the early 
years the formative period. 

3.—That the plant which the going concern has been 
established, and the losses during the formative period 
have been made good. 


the works taken the city while they are still the 
formative period, period business development, clear that the 
net revenue does not furnish equitable means determining the 
value the property, since there net revenue, and this fact 
should given due weight. the owner the works should attempt 
sell his plant during this period, the purchaser investor would 
probably give small recognition this fact; the sale would effect 
the nature forced sale, and hence the owner would probably 
not derive reasonable return for his property, even from willing 
the other hand, the valuation the works based 
upon the taking the municipality under right eminent domain 
and hence upon their value the owners, subject limitation 
reasonable rates and reasonably good and efficient service, must 
under the Maine decisions, this fact must given due con- 
sideration. 

the works are bought immediately the end the forma- 
tive period,’ but while the owner still carrying the accumulated 
losses the early years, this fact should given due weight arriv- 
ing valuation based upon the earning capacity the plant when 
taken the city. The same idea might stated differently say- 
ing that, such time, the seller would not willing seller but 
seller. eannot doubted that the works should pur- 
chased investor willing buyer that time, would make 
allowance the owner for any losses incurred him the early 
years operation, except far prospective earnings might 
warrant some small consideration, for the value would derived and 
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the market price paid result the going concern, the estab- 
lished business, and the earning capacity, and not result 
measure the works having passed the early hazard period. the 
case plant taken under the right eminent domain legislative 
authority, however, the valuation must made basis the 
value the works the owner subject the limitations reasonable 
rates and service, which case the fact cited above should given 
due weight, and, case fair-rates suit, due consideration should 
given, study the rates, the fact that the owner had not 
been reimbursed that time for the early losses, and this condition 
the postponement the day when the community 
might justly expect reduction the rates for water service. 
3.—Finally, the case which assumed that the company 
has been reimbursed, through the agency the rates, for the losses 
during the early years development, the full value the going 
concern has been established, and the owner has received adequate 
return upon his property date taking; and may added 


that new situation has arisen, under which the rates, 


equitable, are beginning unjust the community, unless in- 
creased extensions and improvements the property service make 
drain upon the revenue commensurate with the surplus earnings 
which had previously been applied the liquidation the early 
hazard debt, the losses incurred establishing the business. 

fact that after reasonable period growth, which 
period could not well exceed ten years, and, many cases, less 
period, the normal income the company has not been developed, and 
still being operated loss, other conclusion drawn 
than that the owner the property has voluntarily taken upon his 
shoulders losing contract with the community, the penalty which 
must, under the terms that contract, pay, without increase 
rates and with disadvantage himself, case should attempt 
sell the property. owner was not obliged enter into contract 
with the community supply water it, accept the franchise 
which offered, but having done so, under the law contracts, 
must suffer the consequences the limit his financial ability. These 
losses, under the circumstances cited, would the measure the 
price which the owner would have pay for the privilege the con- 
tinued enjoyment his franchise. 
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the writer’s experience, the going concern value has usually been 
found between the net and the gross income the plant for 
period one year (at the date taking). may largely affected, 
however, the period required for the development the business. 


Franchise 


The franchise rights usually cover fundamentally the right take 
and develop sources water supply, condemn property necessary for 
the use the water-works, use the streets, highways and public places, 
supply water consumers for domestic and commercial purposes, and 
collect tolls water rates therefor. 

Its value cannot generally determined directly. desired, 
must obtained eliminating from the total value the property 
the remaining elements value, this possible. 


The Measure Fair Rates. 


Much has been said counsel different cases upon the un- 
reasonableness the rates, with but little effect, however, meas- 
ure has been given the extent degree the unreasonableness 
its effect upon the consumers individually collectively. 

Fair rates cannot determined comparison water rates 
neighboring similar communities, since identical conditions probably 
never exist, and weight cannot given readily intelligently the 
different causes which might affect them. The Court has always 
recognized this fact and wisely excluded direct comparison rates. 
Nevertheless, probably truc that rates similar communities 
have weight limiting the magnitude the rates. 

has remained for Judge Savage furnish the proper gauge 
yard-stick with which test the fairness the rates—the worth 
the service the consumer, well the fair return the water 
company.* 

Here frank recognition the obligations the public servant 
the one hand, and its rights the other. The water-works cor- 
poration not engaged private business for profit, limited only 
competition and the laws supply and demand, but the performance 
duty, subject the efficient service and 
fair rates and privileged make profit under non-competitive condi- 
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tions. The property this quasi-municipal corporation, therefore, 
cannot have, valued upon the basis of, “market value.” 
appraisal, its value, under the Maine opinions, must the “value 
the owner,” subject, however, the limitations the efficiency and 
the worth the service the gonsumer, or, other words, fair 
rates for water service the character furnished. 

Obviously, cannot expected that the cost this service will 
exceed the cost the supplying itself; for reasonable 
suppose that, inasmuch the public elected for one reason 
another grant the franchise for water-works corporation, 
was willing pay somewhat higher rates than those which might 
have supplied itself. This excess matter judgment the light 
all the existing facts, but the Court calls attention the need for 
applying this rule, since the company, accepting the 
franchise, voluntarily chose take whatever hazard there was the 
business; and further holds that whatever the consequences loss 


the owner, the must not, any event, exceed the worth 


the service the consumer. 

Heath’s Method Measuring Fair Rates and counsel 
aptly put it, one cannot value without rating, and once one has 
determined the fair rates for given plant, one has valued it. 

The method rating and valuation outlined herein was first 
developed and used, far the writer knows, Hon. Herbert 
Heath, Augusta, Maine, the suit the Kittery (Maine) Water 
District vs. the Agamenticus Water Company, November, 1907, and 
later two other water-works valuation suits—Livermore Falls Water 
District vs. Livermore Falls Water Company, heard November, 1907, 
and the Portland (Maine) Water District vs. the Portland Water 
Company, the Standish Water and Construction Company, the Gorham 
Water Company and the Foreside Water Company, heard February 
May, 1908. Mr. Heath had previously had considerable experience 
water-works litigation and valuation, and had given much study 


wide practice, corporation lawyer New England, the 


important economic questions involved the relations the quasi- 
municipal service corporations the public; but was not 
until the Brunswick decision that this principle the worth the 
service the consumer was laid down the Court, and first put 
practical application Mr. Heath. the writer had the pleasure 
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assisting Mr. Heath working his theory (or method apply- 
ing this principle) and the tabulations for his argument all three 
the above-mentioned cases (Kittery, Livermore Falls, and Portland), 
may permitted, perhaps, outline it. 

The theory was probably the outcome critical study, Mr. 
Heath, the rating question, the rules valuation and fair rates 
laid down Judge Savage the Waterville and the Brunswick 
opinions, the previous valuation litigation Maine and elsewhere, 
the English methods which governed the valuation the London 
water companies, and his interest the broad economic principles 
and questions public policy involved the relations quasi- 
municipal corporations the public. 

Value, Mr. Heath holds, must based upon cost—be the latter 
reproduction cost, based upon prices prevailing about the date 
taking; reproduction cost based upon fair average prices for 
considerable period years; original cost; something between 
these three—upon cost plus profit which shall limited, upon the 
one hand, what may needed induce investment and active 
competition for the privilege operating public service corporations, 
and, upon the other, the cost which the public might serve itself 
equally efficiently plus the profit which the public might willing 
allow corporation for doing the work and thus relieving the 
necessity and, perhaps, risk serving itself. 

Starting with this fundamental idea, that the public service cor- 
poration entitled not only the reasonable cost furnishing the 
service, but also reasonable profit thereon (assuming always that 
the works can earn the necessary income admit this), come 
logically consideration the principal elements factors 
covered the rates, and hence what might termed the maximum 
lawful for the given plant under existing 
any inerease earnings beyond this point should, the law 
diminishing returns, revert inure, sooner later, the public, 
one form another. say that, consideration the lawful 
annual income derived from the rates, allowance, beyond 
operating expenses, depreciation, and reasonable return upon invested 
capital, should made the builder owner the works, would 
contrary policy and expediency. Under such conditions 
capital could not induced embark such ventures, and progress 
might seriously handicapped many communities. 
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Elements Covered Lawful the limita- 
tion the Court ruling, that the rates shall reasonable the 
individual well the community whole, and the practical 
business possibilities involved the case the willingness the 
people become water takers the established rates, the corporation 
entitled fix its rates earn: 


operating expenses, including therein all necessary 
repairs keep the plant good condition. 

Second.—A depreciation renewal fund, which shall always 
keep intact the capital invested, replacement through 
this fund the worn out described parts the plant. 

rate interest upon the invested capital will 
correspond the degree hazard involved the 
investment. 

upon the reasonable profit increment (dis- 
cussed the following pages) which assumed com- 
pensation for undertaking this service. 

sinking fund, approved the public. The ques- 
tion whether sinking should should not 
also earned and allowed perhaps “local-option” 
question, inasmuch merely affects the distribution 
the burden construction, and not its amount. 


sinking fund added, the item interest upon invested 
capital included above would omitted, course, after the amortiza- 
tion the debt construction the sinking fund. the 
contribution the sinking fund large, the construction debt will 
quickly paid, but the present burden will heavy upon the consumer; 
small, the period will lengthened and the burden decreased. 
Views differ upon this question which after all one sound public 
policy. The occasional needs burdens growing out war, fire, 
earthquake, flood, other disaster, which have befallen cities from 
time time, dictate least indicate the wisdom letting each 
generation bear its own burdens and making regular contribution 
sinking fund, which will wipe out the construction debt within 
reasonable period time, such years. 

Referring now greater detail these elemental considerations 
determining rates, the “operating expenses” need comment, and 
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“depreciation” has already been the “rate interest,” the 
which figured,” and the “reasonable profit” are 
not easy determination. 

The Rate rate should not that which the 
city town could borrow money, even upon its water-works securities, 
the community’s credit rather than the actual hazard would 
reflected this rate; neither should the rate which the company 
has borrowed money controlling, though may confirmatory 
evidence. The customary rate interest prevailing upon securities 
loans equal security hazard should govern. New England, 
conditions recent years. 

Under the method valuation discussed herein, the rate interest 
actually adopted and used makes difference th® final valuation 
plant which earning its maximum lawful return. pertains 
only the rating, the determination the maximum lawful income 
from the given investment under existing conditions. far the 
value goes, makes difference whether the rate assumed 
10%, for having once determined the lawful, annual income 
(based upon this given rate), the value may obtained capitalizing 
this income the assumed rate interest, or, what exactly the same 
thing, having determined the base which interest and profit are 
(in the building the lawful income), the value 
obtained increasing this base the profit increment, ratio, 
allowed for assuming this public duty performing this 
service. This subject further discussed under later paragraph 
upon “Reasonable 

The Base Which the Interest factor 
requires the most careful thought. Should interest computed, 
first, upon the reproduction cost the time under consideration; 
second, upon fair average reproduction cost during period 
years long enough give normal mean business conditions; third, 
upon actual cost the works? The Courts have prescribed the first, 
one the fundamental considerations value, but they have also 
attached great value the last. The second method has always seemed 
the writer, the whole, the most equitable the three. 


pages 1116 1125. 
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figuring the cost the public supplying its own service, this 
cost may based upon the reproduction cost the plant, upon the 
theory that the rating made the date taking, and current 
prices, therefore, should control, upon the original cost, the 
theory that the company entitled consideration its actual 
investment. Each method has its objections, the former, that 
period exceedingly high, not actually inflated, prices for ma- 
terials and labor, such that through which have passed recently, 
the reproduction cost would abnormally high and injurious and 
unfair the public would the conditions the company under 
abnormally low prices; the latter, that the town more entitled 
the benefit the particular advantages accruing the company 
for unusual good fortune, economy shrewdness construction, 
than held responsible for any negligence, bad judgment, 
lack prudence, foresight economy the part the company. 
There would seem some justice, therefore, basing the cost-to- 
the-public-of-furnishing-the-service (as gauge fair rates the 
company) rather upon what might termed the fair average prices 
for period years, than upon the actual reproduction original 
costs, though the Maine Court has said that reproduction cost should 
figured actual prices and that the owner entitled any 
appreciation, must suffer the loss due any depreciation, growing 
out change prices since the original construction. 

the case limited and expiring franchise, too, the reproduc- 
tion cost, that date, decreased the depreciation date and 
the going concern value, would seem furnish the proper 
basis for valuation under existing laws, though, equity, would 
appear fairer compute its reproduction cost average prices pre- 
vailing over past period years, rather than upon actual prices 
the time under question. 

The Reasonable Profit Increment reasonable 
ratio excess profit over cost allowed the service 
quasi-municipal corporation largely question good sound 
judgment based intimate knowledge all the facts and the local 
bearing upon the case question. Generally speaking, 
this ultimate ratio, corresponding the development the maximum 
lawful income for any given investment, may lie between and 50%, 
but even these limits may exceeded. 
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With good, energetic and thrifty management, the maximum 
development and profit increment will reached early the history 
the plant and may maintained throughout its life; with bad 
management, its development will delayed may never reached, 


and even the original investment capital may impaired lost. 
The profit ratio, indeed the interest rate, thus dependent 
the character and stage development the plant; the magnitude 
the project; the character the community, its size, rate and 
permanence growth, wealth, comparative safety, stability, prosperity, 
liberality, nationality; the attitude the community and the 


courts; and the character franchise; physical environment 
affecting possible competition; the character and efficiency the 
physical plant; the physical risks; the provision for future needs, ete. 
this connection attention should called three considera- 
tions, sometimes lost sight of, which should borne mind review- 


ing past operations any corporation with reference present valua- 


tion rating: 


First.—The difference the water-works standards to-day, 
compared with those the past. 

Second.—The change attitude the public toward quasi- 
municipal corporations, the progressively closer public 
supervision their operations, and the greater limitations 
put upon them. 

extent which the past operations and earnings 
the company, rates which have not been challenged 
for long period years, may presumptive evidence 
their supposed fairness from the public point view 
regardless actual cost the company furnishing the 
service, and even though they may show the company 
unreasonably large profit upon the actual capital 
invested. 

Fourth.—The effect past determination value fair 


rates legal judicial procedure after agitation 
these questions. 


The third consideration one the most difficult handle, for, 
one hand, investors who have purchased water company 
securities upon basis their earning capacity market value, 
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under rates long force and never called into question, are ranged 
against the public with its right demand efficient service rates 
that are not exorbitant the water consumers, either individually 
collectively, and that shall show the company and its investors 
more than reasonable profit upon its property. 

the property rates have been subject controversy and legal 
adjudication prior the valuation, the results reached that time 
would seem furnish suitable starting point for subsequent valua- 
tion, perhaps, prevent the possible oversight the elements 
referred to. 

Disposition Excessive Rates—If, judged the worth the 
service the consumer, the rates are excessive, the excess should apply 
reduction rates, betterment service the latter needed, 
reduction debt; and any increase net annual income (over and 
above the demands increased operating, maintenance, fixed 
charges growing out additional investment) should apply the 
same end—reduction rates; or, Mr. Heath, Counsel for the 
Livermore Falls Water District, aptly put it, in‘his final argument: 

Any additional net income derivable here would ex- 
cessive; and would approach that stage rating when, they call 
the books, under the law increasing returns, the new additional 
net income should inure the benefit the public served, 

and Mr. Heath went further draw parallel with the history 
the railroads the United States which, with increasing tonnage, 
have been able reduce their rates enormously. 

“This but the natural operation the economic law public 
channels, recognition men who knew and understood that 
they were public servants; and that the business increased the 
got the benefit it. 

have shown that the day has come the history 
this plant when the future increment income belongs the people 
way reduction rates, just principle, Mr. Chairman, because 
certain amount having been invested somebody, having built 
good plant, having covered the area, then there should hour 
some time the history this and all water companies when they 
reach the maximum net income that lawfully derivable, holdable and 
keepable from that plant; and when you beyond that, the hour the 
people has come receive proper reductions their rates. Now 
assuming that right these propositions, let view the matter 
from the standpoint the element fairness the company. The 
Court has said this Brunswick decision, that 
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the amount money actually and wisely expended primary con- 
sideration this matter fair return; and ought be, because 
the money invested ought protected the courts and legislature, 
far can done with justice the public; and that they 
can get fair return upon money originally expended, the same 
time doing without oppressing the people, and not exceeding the 


worth the service the community, they ought have it—other- 
wise would have water-works.” 


The owner the water-works benefits not only the allowance 
him return excess the cost the community furnish- 
ing like service, but also the greater security his investment 
growing out the just recognition these principles. 


VALUATION, REASONABLE Ratio, AND 


Mr. Heath outlined the foregoing method valuation clearly 


his argument for the Portland Water District, May, 1908, that 
portion his argument here quoted: 


Extract from Outline Method Valuation. 
* * * . & * * 


“The method therefore assumes the appreciation the valuation 
rules the Waterville and Brunswick cases this plant and its 
franchises, now developed, the reproduction cost standing the 
equivalent the capital employed, earning the maximum profit 
fully derivable from it, with charter giving the right earn from 
takers the full profit ordinarily derivable from all its service, with its 
present lawful profit assured, with depreciation, the quality the 
service unattackable, the plant now fit meet reasonable require- 
ments the present and future, efficient every part, having kept 
pace with and reasonably anticipated municipal growth, with acts 
its own permanently depreciating its franchises, with property 
not reasonably necessary the service, with structure unreasonably 
expensive, and, finally, with assumption that the works were built 
prudently. 

valuation reached treats the property assigning full 
value for all its characteristics value, structure, structure 
that going concern, and structure with right continue 
the use its franchises, that is, earn the maximum profit derivable 
from law without new development. The result must necessarily 
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the largest possible valuation assignable the property and fran- 
chises, due allowance, any, made later for new development. 

“After reaching such result, shall then contend that ought 
reduced because the following depreciating elements: 

“1, That the customers the company cannot lawfully made 
bear any part the burden the worth the free municipal 
service. 

“2. That the plant has suffered value from physical depreciation. 

“3. That the quality the service rendered below the reasonable 
standard required the charter. 

“4. That the plant not now fit meet reasonable requirements 
the present and future, inefficient whole and parts, and 
that has not kept pace with reasonably anticipated municipal 
growth. 

“5. That its transactions with the Standish Water and Con- 
struction Company, and the distribution the stock received for the 
perpetual water supply, the Portland Water Company has seriously 
and permanently lessened the normal enhancing power its fran- 
chise characteristic value, and thereby materially heavily 
diminished the value its property and franchises. 

That its transactions with the Foreside Water Company have 
likewise permanently diminished the value its property and fran- 
chises. 

That the lease the Sebago basin was not reasonably necessary 
the service. 

That various structures were unreasonably expensive and were 
not built prudently. 

That, finally, due consideration must had the original 
cost the plant use, and the final result reduced fairness the 
company and the public may require. 

“Thereafterward, study must had the value, any, the right 
the Company extend the use its franchises new investment 
and, the facts require it, addition made therefor. 

“Next, should discussed and properly treated the claims the 
Company for additional value for the Bramhall and Munjoy Sites, the 
services, the public hydrants, and the Warren Contracts. All these 
elements shall claim without value. 

“Then reach the award must added the agreed value the 
tools and supplies, the value the Martyr Street Lot, the allowance 
(if any) for maps and plans, and the values the stocks the 
Gorham Water Company, the Foreside Water Company, the Presump- 
scot Water Power Company, the Saccarappa Aqueduct Company and 
the Munjoy Land Company. 

“The result will the award the Portland Water Company, 
claim ought be. 


— 
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“We wish, the start, emphasize the statement that any result 
reached this case starting with the reproduction cost basic 
factor must necessarily too high. The prices the 
period involved the conception building this plant for delivery 
January 1908, were abnormally high. 

“Care was taken the Waterville case, 207, say that caution 
must used appeared that the works were originally built when 
prevailing prices were high that actual cost might exceed present 
value. The suggestion equally forceful using the element 
replacement cost computed period abnormally high prices. 
And the Court took great pains emphasize the importance 
original cost its relation not only present value but equally 
the determination the maximum profit legally derivable from the 
property. 

“Great care was also used throughout both the Waterville and 
Brunswick cases say that, arriving present value, neither 
original cost nor reproduction cost should outweigh the other, but that 
both elements should carefully considered. 

“The practicable method seems estimate the award first 
using the reproduction cost the basic factor and next esti- 
mate using the original cost, leaving the Court work out 
the truth somewhere between the two, justice may require. 

“The method proposed ultimately appraises the system use, 
its present condition and with its present efficiency. (Waterville case, 
216.) 


“Tt rejects the capitalization profits, condemned improper 
the Waterville case. 

“Tt does not undertake separate the award into structure-value, 
going concern value and franchise value, condemned the Brunswick 
case inherently impossible. 

method that completely values property and franchises 
unit values the property structure, structure use going 
concern, and structure which may rightfully continue 
used going concern structure. (Brunswick, 376.) The owner 
thereby receives full and fair value and the just compensation required 
law. 

“Throughout the discussion must remembered that while the 
present depreciation heavy, due physical wear and tear and 
calling for new investment amount large 
seriously lessen present value, the Company has had net profits enough 
during the past forty years have given full fair return 
from the very first year and have also accumulated from its remain- 
ing profits depreciation fund large enough meet every dollar 
the depreciation now due deterioration and present inefficiency due 
the fact that the territory served has outgrown the capacity the 
plant has three times before its history. 
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“Of this accumulated depreciation fund the Company now has 
hand cash assets the value nearly $300000, all which 
retains under the taking act. has earned rates the past upon 
the theory that this fund was available make good all depreciation 
due deterioration plant loss value any part its 
system due growth the public needs. The fund hand the 
lawful and legitimate accumulation the depreciation allowances 
with which properly loaded its rates. keep it, the Company 
cannot complain that the value its plant should lessened, the 
award, the extent the depreciation, whatever may be. 

“In addition this (approximately stated) the Company 
has, above stated, also collected from its takers the past addi- 
tion full fair return from Jan. 1870, enough meet every dol- 
lar present depreciation, physical, functional otherwise. This 
will show from the books before the case closes. Instead keeping 
meet death capital the public service has divided it. 
has been dividing its plant for twenty years, many corpora- 
tions greedy for dividends stock that represents investment. 
shall show later that this Company has received rates enough 
that had been content with drawing dividends simply the 
profit allowed law, would have had hand to-day every dollar 
that now claim should deducted for depreciation loss value 
every kind and nature. has made its own bed and the author 
its own misfortunes. refuse deduct the depreciation from 
present value pay this corporation twice, once the award and 
once the depreciation charges with which lawfully and properly 
loaded its past water rates. 

“Every public service corporation has the right load its rates 
with item for depreciation, present and prospective, that will pre- 
vent any possible diminution capital value from use the public 
service, whether wear and tear physically from loss efficiency 
due the fact that the territory served outgrows the capacity the 
main features its system. The Portland Water Company had that 
right. exercised it. collected the amount. would to-day 
have been its full protection. need not have lost dollar this 
award because depreciation any kind. divided part the 
money and has the rest hand. has one blame for its 
folly but the greed its stockholders and their want business fore- 
sight. Having seen the city three times outgrow the capacity the 
system, they should long since have prepared themselves for the emer- 
gency that faced them long before the Water District agitation began. 

“Equally the serious loss value due the distribution 
the Standish stock. When the stockholders ten years ago lugged off 
the Standish stock, and left the stockholders to-day the burden 
forever supplying the Standish Company with water without pay, 
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they should have foreseen the present necessary and inevitable financial 
consequences. That the Portland Water Company to-day must 
suffer heavily value because the greed its stockholders ten 
years ago plain. The corporation has one blame for its 
present misfortune but itself. Five-sixths the value the Standish 
equity ought, all equity and good conscience, the Company 
that to-day and forever must carry the burden the supply works 
needed furnish the Standish Company with water. goes 
strangers. This not the time argue the point. throw out the 
suggestion now simply because here, well the matter the 
depreciation losses, the loss present value the necessary conse- 
quence the avarice and greed the stockholders the Company. 

“The award should fair the Company, but should paid 
just compensation but once.” 


* * * 


Extract from Maximum Valuation Assignable Property and 
Franchises. 


“Continuing the assumption that the cost reproduction repre- 
sents the equivalent the capital employed, the plant earning the 
maximum profit legally derivable from it, with charter giving the 
right earn from takers the full profit ordinarily derivable from all 
the service, with its present lawful income assured, with deprecia- 
tion, the quality the service unattackable, the plant now fit meet 
reasonable requirements the present and future, efficient every 
part, having kept pace with and reasonably anticipated municipal 
growth, with acts its own permanently depreciating its fran- 
chises, with property not reasonably necessary the service, with 
structure unreasonably expensive, with the works prudently built, 
what the largest possible valuation that, with new development, 
ean assigned the property and franchises under the valuation 
rules the Waterville and Brunswick cases?” 


Extract from Ratio Profit Cost Capital Employed. 
* * * * * * 


“We recur the original proposition that whatever percentage 
ratio profit selected increase the return capital employed 
beyond its annual cost worth, necessarily just much increases the 
value the employed. And, inasmuch this increment 
due wholly the maximum use the franchises, the capital employed 
increased the percentage selected the ratio profit gives the 
possible value assignable the property and franchises (with- 
out new development), all premised upon the assumption that there 
are depreciating factors. Deducting from this result the proper 
allowances for depreciating factors, whatever they may be, and 
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have the present value the property and franchises they were 
fact January 1908. 

“It not easy matter determine just what this ratio 
profit ought be. Upon its correct and fair determination rests the 
justice this award, both the public servant and the public 
served. 

“Were this rating decree, this ratio profit would determine 
the maximum rates paid. that event the basic rate interest 
allowed for cost capital employed would highly material. 

“Tt plain, simple principle mathematics, that imma- 
terial valuation decree what rate interest selected the 
cost capital, provided shown, will shown later, that, testing 
the rates, charged, any basic rate interest and any ratio 
profit that this Court would likely approve, the present return 
legally excessive. 

“The only law upon the point the remark the Court the 
Brunswick case (p. 386) that the community may with reason prefer 
pay rates which yield return the money other people, higher 
than the event shows they could serve themselves for, rather than 
make the venture themselves and risk their own money loss 
uncertain venture.” 


* * * * 

“Tt may not make some study public service 
corporations and their relations with capital. 

“The data not exist for studying the ratio profit other 
water companies this State elsewhere. book published giv- 
ing the statistics water companies. Water companies have hitherto 
been able defeat all legislation tending publicity way annual 
returns. Even made, the usual practice falsifying the cost 
construction, this case, would make the returns useless evi- 
dence. 

study municipal water plants futile. Their ratio profit 
often minus quantity met taxation. When profit over cost 
found, usually because the municipal policy making the rate- 
payers pay for extensions out earnings, hastening the payment 
bonds, some other consideration make the people believe that they 
are acquiring property without being taxed fact. 

“The only exhaustive and educating returns are those railroads. 
They approach the standard the water company nearer than any 
other public service corporation. 

“The street railroad yet too crude. Mechanically its 
infancy. Its depreciation factor yet unknown factor. Its 
fares are largely arbitrary and matter custom, not established 
any sense scientific principles. 

“The electric light has, yet, too many unsolved problems main- 
tenance and heavy unknown depreciation. Equally so, the telephone. 
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“The steam railroad, long use and experience, its closeness 
the public, partial public regulation, and growing system 
official returns, somewhat analogous the water com- 
pany. 

“Still the analogy not perfect. The business risks railroad 
are great. The opportunities for loss through negligence constantly 
threaten earnings. There are many peculiar hazards and difficulties. 
dependent upon the general prosperity the country large 
degree. Competition usually factor. far more subject 
restrictive legislation. short, means presents the safety 
and security incident investment water plant prosperous 
city. And yet approaches the safety and return and security 
investment water-works more nearly than any other public service 
corporation. 

and patient study the official returns the Maine 
Central Railroad covering several years, leads the conclusion that, 
applying them the reasoning here used, its ratio profit capital 
cost 1.26, and the Boston and Maine, 1.24. The Somerset Railway, 
old road, 1.28, and the Bangor and Aroostook, newer road carrying 
many risks, 1.40.* 

“The expert for the Census Bureau, Professor Henry Adams, 
Statistician the Interstate Commerce Commission, 1904, com- 
puted the commercial value the railways the United States 
$11 244 852 000. this basis their full net return 1906 was 
per cent. The statistics for 1907 are not yet made up. 

“We respectfully submit that more than just water com- 
pany, situated this Company is, fix its ratio profit 1.25. 
Assuming the cost capital per cent., the maximum rate 
would yield per cent. the capital employed represented the 

“We submit that capital will gladly enter the water-works field, 
whenever can assured law that the full use the franchises 
will enable receive from the public compensation for all original 
risks, full compensation for all capital used the service, 
annual return upon the value the property and franchises the 
going rate capital invested with like degree safety, and that 
may step out the enterprise with such natural increment may 
come it, and with profit equal one-fourth the original capital 
and its natural has earned the meantime not only 
return the capital itself, measured the going cost such 
capital, but like return the natural and franchise increment. 
Such opportunity and such remuneration attractive capital 


anywhere.” 


Heath really means the ratio the cost plus profit increment the cost 

or, other words, the profit increment the Maine Central Railroad 

Maine Railroad, 24%, Somerset Railroad, 28%, and Bangor and Aroostook 
cad, 
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“Renewing all these considerations, the fact that original risks 
have long since been paid for the customers, that the days hazard 
and difficulty were long since passed and paid for customers, that 
the Company has once lawfully collected from its customers through 
depreciation allowances the rates enough make good all present 
depreciation, whether physical functional, that the investment 
now safe, stable and assured any form private investment, 
that its prosperity independent panics and hard times, that the 
business practical monopoly, guarded Courts and the Con- 
stitution the United States, situate city with stable prosperity 
and serving people respecters equity and law, with system 
mechanically simple and comparatively free from loss through acci- 
dent negligence, independent its earning power the political 
hysteria city government, short, surrounded with the best attri- 
butes safety and security, submit that the ratio profit 1.25 


fair the Company and that allow more would unfair the 


APPLICATION PRINCIPLES 


illustration the application the foregoing principles, 
the Livermore Falls case has been selected from the three recent Maine 
cases cited, not account its magnitude, for the amount 
was small, but because lends itself particularly well the method 
treatment used, and affords good illustration, all the essential 
facts were well established the evidence submitted. 

Data Relating Androscoggin River. 
Location due fall river and water-power development there. 
Power owned substantially one corporation, International Paper 
Company, and all used except further down stream. one-industry 
town, and that industry one which requires comparatively few em- 
ployees. Considerable foreign population (mill hands), many living 
frame tenement houses. Population less than 3200, count. 
Census statistics not applicable, account boundary lines between 
towns. Future growth doubtful, probably not large. Assessed valua- 
tion (figures not the writer’s hands present). 

Legal.—Date franchise, 1889. Perpetual franchise. Exemption 
from town taxation for ten years, expiring few months after date 
taking. Works built 1899. Date taking, October 1st, 1907. 

Physical Plant—Gravity supply—maximum head approximately 
125 ft., minimum ft. Town hillside, business district lowest 
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level, churches and many houses sort middle bench, remaining 
residences above, many them unable get water 
account lack available head pressure upon the pipe system. 

Source Water Hill Pond. Drainage area 0.672 
sq. mile. Water surface 0.142 sq. mile 21.8 per cent. Storage per 
foot depth, 000 000 gal. 000 000 gal. mile drainage area 
(for depth ft., 125 000 000 gal., and 5-ft. depth, 200 000 000 gal. per 
sq. mile drainage area). Quality admitted excellent. Quantity, 
safe daily yield 450000 gal. (by agreement engineers). Water 
consumption approximately gal. per day, gal. per capita. 
335 taps; 520+ takers, substantially all flat rate. high-service 
system, though contemplated company for several years, and legis- 
lative authority was obtained issue securities therefor some years 
before taking. 

reservoir other than pond, miles from town. 

Pipe Distribution iron, chiefly. Ample size for 
the most part, and generally efficient except for fire service. Service 
adequate for probable future needs, except for elimination some 
small pipe and construction high-service system. 

Fire business district, two “fair, ordinary fire streams” 
185 gal. per min. ft. high, ft. horizontally. Middle bench 
portion town, “two feeble fire streams” 168 gal. per min. ft. high, 
ft. horizontal. Upper levels, fire protection except from one fire 
steamer owned and maintained town. 


Operating Statistics. Financial 


Gross OPERATION AND MAINTENANCE AND 


INCOME OPERATING EXPENSES. 


Exclusive 
Water. pipe, Total interest and Net income. 
depreciation. 
1902 447.75 507. 955.35 401 
246.26 216.81 463.07 661 .86 801.21 
1907+ 862.63 984.35 739.78 194.57 


Thirteen months from November 29th, 1899, December 3ist, 1900. 
+Nine months. 
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The estimated rate annual gross income date taking 
was 364.50. 

The operating expenses are very misleading, since town taxes 
were paid the company (under ten-year exemption which was 
about expire), and the operators the works were willing 
forego salaries lieu dividends. The estimated reasonable annual 
operating expenses for current year, agreed the engineers for 
both parties, were: 

Reasonable Annual Operating Expenses, Current 


Wages (including administration).......... $600.00 
(Charged Company, $176.65.) 


Repairs, charged Company........... 164.52 
Expenses, average since 1901............... 245.07 
Taxes (Town tax, real estate, state and 
Town tax, mills on, say, $60000........ 020.00 
319.69 
Annual depreciation 450.00* 


mated $345). 


Resulting net annual income exclusive interest charges 594.81, 
say, 600. 


Unit figures. Net earnings (including hydrant rentals but ex- 
clusive depreciation and interest and dividends)— 
$60.00 per million gallons. 
19.70 tap. 
12.70 taker. 
2.06 
Average Annual Return Builders Plant.— 
Amount paid stockholders, 
Excess put land chiefly for sale lots and vir- 
Street work (grading) upon same................. 229.00 
$29 894.36 
(Average per year, 857.) 


$55 


+Of this amount, however, $3300 should deducted representing salaries not 
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Percentage per year $65 477.61 plus 

Real estate purchase (October, $4000.00 
Estimate market value Company’s 800.00 


Estimate market value Town’s witnesses...... 1800.00 
Structure value. Original cost Company’s books 

Reproduction cost agreement engineers, 

service pipes excluded, claimed Company, 

but not admitted town, they were laid 

cost the consumer. Value, $1845. Tapping 

fees collected, $1806. (Both figures agreed 

engineers, subject inclusion exclusion 


Depreciation—By Company’s expert—Annual $345 
Total date $1800 


Cost High necessary Com- 
pany; estimated only Town’s engineer, but 
Additional annual expense involved 
operation, maintenance and deprecia- 
interest upon additional investment 
(no additional taxes figured here)... 865.00 


465.00 
Probable increase revenue (estimated 
Probable loss value this account (up time 
when new business would carry the improve- 
Going Concern Town’ engineer)....... 000.00 


The details are not shown here they are assumed not 
any particular interest. 


Value and Rating—Worth the Service the Consumer.— 
Assume profit increment this case and fair rate 
interest the date taking, October 1st, 1907, when boom prices 
prevailed. Then based upon reproduction cost date taking, 
should have: 


ing 
q 
q 
for 
q 


1150 WATER-WORKS VALUATION 


Estimated reasonable operating expenses (as per 

interest upon reproduction cost ($85 394.36).. 123.66 


Estimated reasonable annual gross income based 
upon reproduction cost plus profit in- 


The Company was not quite earning this. Therefore, this basis, 
the value would not reproduction cost plus one-third 
profit increment ($28 464.79) total $113 859.15, but capitalized value 
present income, assuming future growth offset high-service 
needs, 


From rate income date taking.......... 364.50 
Deduct estimated operating expenses... $2319.69 
Deduct estimated annual depreciation. 450.00 769.69 


Then estimated net annual income........... 594.81 


Same computation based upon actual first cost instead repro- 
duction cost. 


Annual operating 319.60 

interest upon profit increment (334% 

902.81 


Actual gross income (rate) 364.50, therefore, this basis, the 
rates are excessive, and, ignoring high-service needs, value would be: 


High service was imperatively needed. The Company was con- 
sidering its need, and had taken preliminary steps toward securing 
it. The rates warranted it, and would have borne it. The cost 
installation was estimated has been shown. 


q 


7 
J 
q 


allowable profit this installation would have been 
the assumed profit increment basis one-third. The 
Company was entitled consideration this profit future 
possibility probability—not its full value, the work had not 
actually been done, but substantial portion it. 

the other hand, this high service involves extra operating cost, 
depreciation and fixed charges estimated amount $479 per year 
excess anticipated increase earnings. Therefore, the repro- 
duction cost basis, increment value would result. the first- 
cost basis, however, the income would and therefore 
additional allowance might made the Company say $5000 
profit (out making the total the original cost basis 
approximately $87 303 000 $92 303. 


Summary Valuation.— 


reproduction-cost basis.......... $109 913 
Town’s market valuation real estate 
(by Company, 1800 1800 
Supplies hand (agreed value)..... 1110 1110 
Deduct Town’s estimate deprecia- 
Net value reproduction-cost basis. $109 378 
Net value original-cost $91 768 
Claims water 216 000 


matter fact, Town’s counsel claimed the following valu- 
ation: 
Valuation real estate (by Company, 800), 


Deduct: Depreciation date Town 

(by Company, $1800)...... 445 

Decrease due fire service.... 8000 

Item agreed upon 235 
690 
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Results Town Award Assumed Value.— 


Cost fire service......... 300 


Investment, exclusive litigation........ $118 520 


Annual income: 
Present 


$10 350 
Operation and interest: 
Operating 769 
Operating high service............. 600.00 
$10 781 


Any increase the award, above $101 219.90, will require an: in- 
present water rates. 

Unfortunately, the writer heard but fragment the final argu- 
ment Counsel for the Water Company and, therefore, unable 
give all the Water Company’s figures (except Counsel’s valuation 
000), but has asked its expert, Walter Sawyer, Assoc. Am. 
Soe. E., kindly submit any essential data which may have been 
omitted, and any inadvertent errors the statement 
the data upon this case made this paper. 


THE APPRAISERS TILE 


the course the trial the Portland water-works valuation 
suit, some important questions general interest water-works 
valuation were ruled upon the tribunal, and view, not only 
the magnitude the covered the valuation the plants 
the Portland Water Company, the Standish Water and Supply 
Company, the Gorham Water Company, the Foreside Water Company, 
and the Water Power Company, and amounted nearly 
000 000—but also the excellence this tribunal (which was made 
Judge Savage, the Supreme Court Maine, the 
writer the Waterville and Brunswick opinions and Chairman 
this Board Appraisers; Judge Frederick Powers, 
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tired from the Supreme Bench Maine, who had previously sat 
Chairman the Waterville and the Livermore Falls cases, and 
had participated the Waterville and Brunswick decisions; and 
United States Marshal Henry Mayo, who had himself previously 
served upon water-works appraisal boards), may interest 
quote the more important these rulings, which may assumed 
indicative least the probable attitude the Supreme Court 
Maine upon the points question. 


These rulings covered the question admissibility evidence 
upon the following issues: 


Expert testimony “going concern” value, 
value, and total value works. Excluded, except upon 
purely technical questions involved. 

2.—Need and cost reinforcement distribution pipe system. 

Admitted. 

3.—Selling prices water company stock tending show 

value. Excluded. 

4.—Depreciation, based upon measured the substitution 

another equally efficient different structure 

the work the existing structure. Excluded, except 
bearing upon relative the plant. 


The trial the last three Maine water-works valuation suits, which 
were all conducted behalf the several municipalities the Hon. 
Herbert Heath, Augusta, and were unique American annals 
such that argued successfully against the admission 
any testimony upon the total value the property the water com- 
pany the experts engineers, holding that valuing the property 
whole the expert was usurping the functions the tribunal; 
that expert testimony was admissible only far dealt with 
facts matters opinion beyond the ability the layman 
grasp without expert assistance; and that valuation implied thorough 
knowledge value standards, knowledge the law well 
engineering principles theories, since valuation was mixed ques- 
tion fact, judgment, and the law, and therefore must made 
always with full knowledge the law upon such cases. The 
appraisers all these cases (Kittery, Livermore Falls, and Portland) 
sustained this contention, appears the first ruling, quoted later. 
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These rulings are the only examples such ruling water- 
works valuation America that have thus far come the attention 
the writer. The experts only testified engineering facts, 
principles, and costs, and not property values the elements 
thereof. each case, however, the engineers assisted counsel the 
preparation the necessary tables and data upon valuation, which 
thus went into the arguments, instead being presented testimony. 
The plan here followed would appear have some advantages, and 
seems likely tried elsewhere unless exception should taken 
the ruling, carried the full bench, and there upset 
the broad ground expediency. Abstracts the rulings follow: 


Ruling Admissibility Expert Testimony 
Going Concern, Franchise Value, and Total Value Works. 


“The Appraisers have taken into consideration the question that 
has been argued, and have now state the result their conference. 
Disregarding the precise form the question which was asked origi- 
nally, and which perhaps have forgotten, but taking into considera- 
tion the real question which presented, and which has been argued 
counsel, is, understand it, effect whether the character- 
istic going concern values case like this can properly proven 
expert testimony. not question whether evidence tending 
show going concern value material. not apprehend that 
either counsel would take that position; because what called going 
concern value characteristic structure, and, there any 
such characteristic, must shown evidence. The only question 
here whether the evidence, tendered legitimately, admissible for 
that purpose. may regarded presumptuous for tribunal 
made are undertake illuminate the opinion the 
court the cases this state which have grown out proceedings 
this character. However, have—those who sat those 
cases—gone over the language those opinions. Mr. Mayo agrees 
with that there nothing the later case which detracts modi- 
fies anything that was decided the former case. the former case 
the court was asked say that, determining the amount added 
structure value consideration the fact that the system 
going concern, ‘the Appraisers should consider, among other things, 
the present efficiency said system, the length time necessary 
construct the same novo, the time and cost needed, after con- 
struction, develop such new system the level the present one 
respect business and income, and the added net incomes and 
profits, any, which, its acquirement such going concern, would 
accrue purchaser during the time required for such new con- 
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struction, and for such development business and And 
the court said, ‘We think this instruction should given.’ The 
present the system, the length time necessary con- 
struct the same novo, and the time and cost needed, are all matters 
which affect the characteristic element, whichever way you may 
choose phrase it, the going concern feature existing 
business. 

“Now the Brunswick and will say right here with regard 
the Waterville case, what will also apply the Brunswick case, 
that, although the court used the language that the questions before 
the court, which are comprehensive scope and minute detail, 
effect relate the admissibility evidence, yet they must 
decided before the court knows can know what specific evidence 
will offered relied upon what conditions the evidence will 
applicable. such cases evident that the answers must 
general character. While true that the answers all these 
questions affect the admissibility evidence, really effect they 
laid down rules which made evidence admissible inadmissible ac- 
cording came one side the other the rule. apprehend 
that that was substantially what was meant the court 
pression: ‘Specific forms proof. were not under consideration.’ How 
the various elements characteristics should proved was not dis- 
cussed nor decided; and that applies well the Brunswick case. 

“In the Brunswick case the questions are not printed full 
they were the Waterville case, but they are incorporated the 
opinion, and the first question was, stated the opinion, ‘We are 
asked say that “in applying the rule that the basis all calculation 
the reasonableness rates charged public service corpora- 
tion the fair value the property used for the convenience 
the public, franchise values are wholly disregarded, and the 
element going concern value considered only involved 
the structure value; that property value, this connection, means 
structure value only.”’ Then was that the court thought was 
expedient, and perhaps necessary, lay down some the principles 
which affect property this character. said that there were three 
things thought of, considered, and that none them could 
excluded. They must all considered. the end there was 
single, final, net result, that none them could eliminated from 
consideration, neither the structure such, nor the fact that was 
use, nor the fact that there was the right continue use 
the place and situation where was; that were unable give 
the instruction which were asked give for the reasons stated 
that opinion. Therefore feel that are safe saying that the 
two are not inconsistent, and that neither modification 
the other. They discussed propositions from somewhat different stand- 
points; that is, the questions suggested different ways approaching 
them. 
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“Now come the question whether this added element, this 
enhancement, far relates the going concern values—and 
suppose the same ruling applies franchise values—can separated 
out and made the subject opinion evidence, expert testimony. The 
question which was asked assumed that certain number dollars 
per annum was reasonable income. course, that assumption 
based upon the results the application certain rules law; but 
there are still other questions law which, our judgment, would 
affect should affect answer question that kind, concern- 
ing which have right suppose that the witness qualified 
speak. seems that the question going concern value ma- 
terial; that may shown that this case, far the Company’s 
side concerned least all the facts which affect going concern value 
are already the and that for witness, matter what his 
experience wisdom undertake now derive conclusions from 
that evidence state them conclusions, would merely stating 
what appears him the effect the evidence already intro- 
duced the ease. That, conceive it, not the proper scope 
opinion evidence. seems that the question one 
argument, one reasoning conclusions derived from the facts 
the ease. may that, the final consideration the case, 
all the reasons which Mr. Wheeler thinks support his conclu- 
sion would properly presented arguments from the 
facts proven; that say, take the whole case, take the history 
the Company, take the number water takers, take the income— 
take all these separate and individual facts which have been 
declared here one one, and then how much weight effect should 
given these facts affecting the value the structure because 
going concern matter argument, reasoning, and not 
matter opinion evidence; and that light exclude the question 
asked, and shall exclude questions similar character. 

may summarized this way: not competent for the 
witness tell what his conclusions are from the evidence, but 
are the ones draw our own conclusions after argument.” 


Ruling upon the Admissibility Evidence 
Need and Cost Distribution Pipe System. 


“The line which marks the division between testimony admissible 
with reference so-called improvements, think, pretty fairly 
well established. The Water District take this plant. Com- 
parisons between this and other plants different construction, dif- 
ferently situated, are not admissible. The District take this 
plant, take with all its merits and with all its demerits, all its effi- 
and inefficiency, the same proved. Now this system 
inefficient any particular, course, that subject proof which 
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must received and weighed the Appraisers, and some way the 
extent the finally measured dollars and cents 
must ascertained proof, and not left the Appraisers 
guess at. 

“Now the questions concerning which the has arisen 
relate the the fire service within the city Portland. 
understand it, the Portland Water Campany now, has been, 
under certain charter and contractual obligations with reference 
the maintenance reasonably efficient fire service, that is, supply 
water for such service. That means supply, not including hydrants 
the location them, but the other means conveying the water 
the various places where may needful for the purpose 
extinguishing fire. The District takes the plant subject those 
obligations. Now seems that true that the system 
does not come the standard which the charter and 
contract require, that must some way know wherein inef- 
ficient, and how much inefficient—not only having general 
what necessary make what the contract and charter require 
do. That not figuring another system, new system—it 
merely getting some way the point wherein this system 
said lacking. The witness upon the stand has said that 
some respects regards the feature fire protection inefficient, 
and has stated his standard efficiency, what understands and 
means the term efficient. Now are along and satisfied 
with that unless know what lacks, what makes inefficient? 
That seems involve further the question the amount 
inefficiency, that is, what would take make efficient, because 
cannot measure the inefficiency guesswork, and general sense 
think true that, when thing inefficient, the lessened value 
reason its inefficiency what would cost make efficient. 
Suppose, for instance, there were this case question about the 
purity the water itself, would not competent show how 
Would proper show that filtering plant would it, and for 
that reason was necessary it, and then how much would cost? 
Supposing—that may not true this case—that there was lack 
reservoir supply, and that, order enable the Company now 
the District hereafter perform its charter and contractual duties, 
necessary have larger higher reservoir. That very easy 
state, but how are the Appraisers going know what deduction 
make for inefficiency unless they know what costs make it? 
this system, not another one, not new one, but this system brought 
efficiency. cannot tell without evidence whether the proposed 
inefficiency may remedied putting couple hundred feet 
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large pipe minimum expense whether might cost thousands 
and thousands dollars; not know anything about it, and 
cannot guess it. think then that competent for the District 
show the particulars wherein the present system inefficient 
detail, whether the pipe the outlet from the reservoirs, 
wherein fails come the standard efficiency. Whether the 
standard the witness too broad another question. But whether 
this system comes the standard which expert has testi- 
fied to, think competent for him say. must know from 
evidence something about how much will cost put where 
ought be, lacks now and there think the 
line between what admissible and what not. With that mind 
admit the question.” 

* * * * * * 


“Excuse me, Mr. Baker, but there one thing further intended 
say that, while that admissible, there may some compensating 
advantages the other side which course the Commission will 
have take into account, for instance, for any improvement the 
general water system, the Company entitled the benefit 
much compensation properly derivable from it.” 


“Of course the testimony admitted from the standard which 
the witness himself sets. the court thinks that extravagant 
standard, will have taken into account.” 


Ruling upon the Admissibility Evidence upon Selling Prices 
Water Company Stock Tending Shew Value. 


“The question was argued several days ago, and afterwards gave 
the matter not only careful examination conference among our- 
selves, but also carefully examined the authorities which were 
cited and relied upon. might sufficient merely state 
the conclusion which arrived; but, this case all through 
have thought best adopt policy deciding questions im- 
portance state the reasons our rulings. This only fair the 
parties, inasmuch possible that may not easy have our 
rulings reviewed. Accordingly will attempt briefly state the 
reasons which lead the conclusion which shall announce. 

“Of course, evidence sales thing which under considera- 
tion, when the value that thing material issue, admissible, 
although ordinarily these are res inter alios, admissible because they 
are the acts parties having opposing interests, and looking the 
value the thing from different standpoints under circumstances 
calculated produce nearly correct result judgment any 
human conditions can; and they are supposed the result the 
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judgment persons who know, who assume know, something 
about the conditions and quality the thing sold. they did not 
know anything about the essential conditions which entered into the 
value, the testimony would not significant any importance. 
Now that the rule understand the reasons for 
Applying that this case, or, lead it, first speaking 
the matter authority. The authorities cited the learned 
counsel for the Companies seem divide themselves into three classes. 
the first place, speak them, there are large number 
cases where, tax proceedings determining the validity tax 
proceedings, the question franchise valuations was under consid- 
eration the courts, and where the State, seeking tax the entire 
value corporation, finding that there was value represented 
the entire market value the stock over and above the value the 
plant, the physical value, assessed the difference being fair repre- 
sentative the franchise values. think that those cases differ 


‘very materially from the question which now presented before us. 


course the State will assess, and should assess, such franchises 
the company claims own, and profitable use of. will not 
inquire into the question whether those franchises are used improperly 
whether more income derived from them than should derived 
from them under proper tariff rates prices. the Company 
using them and receiving certain income from them, apprehend 
that the State will take the Company’s view the uses which properly 
may made when attempts assess franchise values. course 
this different question from what have now, where have 
back the Company’s view get the real legal rates 
income which may chargeable. 

“Then there another class cases like the Pennsylvania cases 
where the court, discussing values public service corporations, 
did state the rule embracing evidence the value the capital 
stock, the market sales capital stock being evidence, not con- 
clusive, but having some bearing upon the propositions the 
value the thing itself. notice that those cases were cases heard 
and determined, remember it, date earlier, time earlier than 
what may called the new light public service values, when the 
matter had not been thoroughly studied and differentiated has 
been more recent years. Those cases make distinction whatever be- 
tween public service corporations and other kinds corporations, nor 
they recognize, far remember, the peculiar rules which are now 
held attach the values public service plants and franchises; 
and, for that reason, not regard them authoritative—not 
this state anyway. But any decision those days, before the theories 
were exploited they have been now, will have taken with some 
considerable question. 
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“The last class cases, the class which embodies perhaps the 
single case Smith Ames, where Judge Brewer did say that 
case involving the unreasonableness rates charged, that is, whether 
the rates were not, that the value the stock was 
element considered. What Judge Brewer might say that 
now view more thought, later thought upon the subject, course 
one knows. was not question arising the admissibility 
evidence, that the precise point was sharply presented and argued, 
but stated him discursively his opinion that ease. 

“Upon the whole are the opinion that are not concluded 
any the authorities which have been cited; also that ought 
not feel embarrassed discussing them considering them 
the light reason. 

“When come the reason it, seems something like 
this: may true that were to-day valuing ordinary cor- 
poration like manufacturing corporation, mereantile corporation, 
any corporation not engaged the service, public utility cor- 
poration, might that one way measuring its value over and 
above the physical value would get the value its stock sold 
the market. The people who bought and sold such may 
fairly supposed know what they are buying and selling, and what 
the rights, what the limitations upon such corporations are. There 
limitation the amount money which such corporation 
entitled earn can get it; limitation outside the charter 
the lines business which men engage. All the things which 
seem establish the value such may fairly known, may 
faitly presumed the consideration the men who bought and 
who sold. But when you come the matter public service cor- 
poration, are met the very outset with this great difference; that 
the rights the corporation earn money are limited, that say, 
earn money, make charge its customers. They are limited 
rules law which are not easy, always, application, they are 
limited rules law which think are not and cannot deemed 
within the knowledge and contemplation investors its stock. 
would rather far reach say that investors even contemplated 
the physical plant, the most which out sight. course this 
matter which would rather the weight the evidence. There 
are elements law, the application legal principles which 
our judgment remove from the rule which might perhaps properly 
applied business corporation; and because this unknown 
and unknowable element the legal rules the rate 
question that think the testimony beyond the limit admissi- 
bility. The investor property this kind invests not upon what 
sees the plant, but upon its financial results, always upon the 
financial results which have already been attained, the dividends now 
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being carned and declared, the reasonable prospect business the 
future; but that and must without regard the application 
legal rules limitation which think are beyond, and must 
deemed beyond, the understanding the investor, who buys and 
sells the and for these reasons, after very careful thought and 


quite extensive examination, have all come the conclusion that 
the testimony not admissible.” 


Ruling the Admissibility Evidence Depreciation Based 
the Substitution Another Equally Efficient but Different 
Structure the Work the Existing Structure. 


“The Appraisers have considered the question submitted, not only 
this time, but each has given some consideration the sub- 
ject since first arose. The solution the problem really involves 
several considerations the valuing this plant which taken. 
One the elements—and only one the elements—is the present 
value the structure, structure. That not all. There are 
many other considerations which apply the value the plant the 
Company—its value them. Among those considerations the ques- 
tion efficiency. the plant efficient and can now all that 
legally and properly bound do, why, that one thing. 
cannot now all that properly should required do, then there 
arises the element inefficiency, and inefficient, then worth 
less the Company hold and keep than would was 
efficient. 

“Now our judgment entirely proper for the taking Company, 
introducing evidence that can fix the present value, and take 
into account efficiency, show wherein inefficient, and what 
would cost make reasonably efficient. That affects the present 
value the plant; and must assume the question, 
assume, that efficiency, from that standpoint, that the question 
admissibility must considered. They say inefficient and 
they have right prove they can. 

“Now, Mr. Hazen has pointed out engineer the features 
inefficiency. has been permitted show wherein and how the 
present system may made efficient to-day the first day 
January, the time when the taking took place; and the cost making 
efficient that day—not taking properly the cost making 
efficient for some future demands and future growth, but efficient 
the first day January. Now may that, making efficient 
that day meet present demands, that the results—the beneficial 
and pecuniary results may very largely excess the cost 
making the enlargement improvement, the enlargement and im- 
provement limited making efficient the first day January— 
not regard future demands. 
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“Now, Mr. Hazen says, understand it, that going over this 
problem and studying it—at least far one the elements that 
enter into this taking concerned—he has considered the business 
proposition, the economical proposition from the standpoint who- 
ever may faced with the practical problem. says that, while 
certain arrangement certain things may to-day such that practical 
business men would not that way because involves much 
waste and loss view future demands that may made, has 
taken into account, says, the business problem. assumes that 
this work should done practically now—that covering the period 
two years it, but making five years cover contingencies 
make practical; and upon that assumption, business assumption, 
has introduced what seems new system far the 
supply part the property concerned, and that after five years 
the whole system would become salvage, what left and that 
there will new pipe should for the business standpoint 
very much larger capacity than the present pipe, new location and 
under new conditions. And taking that one his elements 
reasons out upon his statement what the results would from 
engineering and pecuniary standpoint—economical standpoint. 

“Now, course, Mr. Hazen entitled give his conclusions 
efficiency and his reasons for them. Whether the reasons are sound 
fallacious does not affect their admissibility. they are fallacious 
they can probably shown so, and they are not they would 
stand. But whether his theory involves elements not proper con- 
sidered arriving the result question considered respect- 
ing its admissibility, and think that the introducing what 
practically new system supply goes beyond the limit, because, 
says, the end five years would new and larger supply 
system, which opens door into the future such extent that the 
testimony our judgment not only improper but goes beyond the 
line legal admissibility. 


“The record, comes from the stenographer’s hands, does not 


asked turn his table and that does not appear the record, but 
have the table passed the examination and assume 
was explain his views upon this table the mathematical result 
which had arrived from his system computation; and that, 


presented, exclude.” 
Errort ELIMINATE, VALUATION, THE VALUE 
FRANCHISE AND OTHER ACQUIRED LEGISLATIVE GRANT. 
With the recognition the rights the public, and the 
obligations, well the rights public service corporations, has 
come the endeavor the part the public retain for itself, 


show the precise question which was involved, because the witness was 


Papers. WATER-WORKS VALUATION 1163 
granting authority operate quasi-municipal corporations, any values 
that may develop directly from these grants. 

Thus Massachusetts has sought eliminate the element fran- 
chise value water-works valuation express provision the 
Charter Incorporation Act the Companies, covering this point; 
hence the Haverhill, Newburyport, and Gloucester cases (as 
the Kansas City case), franchise considerations were eliminated and 
the works were appraised upon the basis their value the pur- 
chasers rather than the sellers, provided for the Maine 
rulings. 

somewhat similar situation found England, outlined 
the report the London County Council upon the “Water Supply 
London, and Bibliography the Principal Reports and Papers 
the Subject, Together with Special Report the Comptroller 
the Council the Financial Aspects the 


ENGLISH PRECEDENT FOR RESTRICTING THE VALUATION THE FRAN- 
CHISE AND OTHER GRANT. 


London’s water supply dates back the 13th century, when the 
Corporation the City London obtained leave construct conduits 
for the purpose bringing water from Tyburn the City “for the 
profit the City, and good the whole realm thither repairing; 
wit, for the poor drink, and the rich dress their meat.” The 
system was more less extended until, 1580, the first rights were 
granted for supplying water the public through private undertaking. 
From that time rights were granted long intervals time 
additional water companies, until there were eight perhaps more 
water companies supplying the City London the early part the 
last century. 

The service rendered these companies proved inadequate, was 
shown the comment Sir George Grey, introducing his Parlia- 
mentary Bill upon this subject 1851, that “competition could not 
safely trusted secure adequate supply good and wholesome 
water which was essential the health and comfort the inhabitants 
the metropolis,” and led growing discontent the part the 
public. This resulted the formation series Committees 
Parliament and County Council for the consideration the public 


*Printed for the London County Council King Son, June, 1905. 
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control the water supply, extending from 1821 1902, which was 
passed the “Metropolis Water Act,” “for the purpose acquiring 
purchase and managing and carrying the undertakings,” the 
water companies, and “generally for the purpose supplying water” 
within area differing some respects from the limits actual and 
possible supply the companies. 


far back 1891, the London County Council reported, among 
other things: 


That for certain purposes least would desirable 
acquire the undertakings the existing companies the same 
could obtained fair and reasonable terms. 

“3. That the Council opinion that the price given for 
the undertaking any company should depend, not merely past 
dividends Stock Exchange values, but upon the true value 
the undertaking, having regard its legal position and liabilities; 
the condition the property; and its ability supply future wants. 

That, order arrive satisfactory conclusion this last 
question, essential, before any terms purchase can considered, 
that the liabilities capital expenditure for new supplementary 


sources supply the immediate future should authoritatively 
ascertained.” 


The works were finally taken basis their fair and reason- 
able value. 


the course this long-protracted struggle between the public 
and the water companies, the restrictions under which Parliamentary 
grants were made the water companies, permitting them extend 
their facilities and service, became more and more drastic from the 
companies’ point view, and protected the rights the city more 


and more from the point view. Thus the Act 
1847, was provided that: 


“The profits the undertaking divided among the undertakers 
any year shall not exceed the prescribed rate, where rate 
prescribed they shall not exceed the rate ten pounds the hundred 
the year the paid-up capital the undertaking, which such 
ease shall deemed the prescribed rate, unless larger dividend 
any time necessary make the deficiency any previous divi- 
dend which shall have fallen short the said yearly rate.” 


1878 Parliament introduced: 


the Grand Junction Company’s Act that year, authorizing 
the raising fresh capital, what are known the Auction Clauses, 
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which were designed secure the economical raising capital 


compelling the companies offer the stock for sale public auction 
tender.” 


1886 was passed the Sinking Fund Clause: 


“The object which was secure for the public, means 
transfer Trust Fund, some share the increasing profits the 
undertakings. 

“The effect the section was that, after three years from the issue 
any debenture stock under the Acts, the companies had pay each 
year the Chamberlain the City London the difference between 
the profits earned the stock part the entire capital the com- 
panies and the interest actually paid the holders the stock plus 
per cent., which was allowed the companies for ‘management.’ 

“This allowance per cent. was proposed the City Corporation 
sort margin the companies for managing the business. 
matter fact, inasmuch all the expenses management were neces- 
sarily charged against profits before ascertaining the proportion 
profits attributable the new debenture stock, the per cent. was 
really bonus present the companies concerned.” 


some the later Acts, the Staines Reservoir Act 1896, 
and the Kent Co. Act 1902, Sterlization Section was inserted 
follows: 


“Nothing this Act shall authorize the company bring into 
account make any claim respect any advantages conferred 
them resulting from the passing this Act. Provided that 
the event such purchase the company may bring into account the 
actual amount any capital expenditure made them exercise 
the powers this 

“The sinking fund and sterilization clauses were designed secure 
part the same object, viz., the non-enhancement the value 
company’s undertaking the event purchase reason the 
further advantages given the company the special Act, but they 
differed important respects regards the manner and extent 
their operation. The sinking fund attached only capital powers 
authorized and directly affected the profits the company appro- 
priating annually perpetuity portion such profits for the benefit 
the public. The sterilization clause, the other hand, was directed 
solely the purchase, and its operation was limited 
particular period years; was general terms and could 
applied both the direction reducing the company’s future profits 
for the purpose purchase, and affecting the number years’ 


Extract from Section 20, Kent Co. Act 1902. 


1166 WATER-WORKS VALUATION 


purchase, because its effect was deprive the company any advan- 
tages conferred by, resulting from, the passing the special Act. 

“The importance this legislation can hardly over-rated, but 
the companies were purchased before its full effect had been felt.” 


All stated the Comptroller the London County Council 
his report. 

The valuation the London companies appears have been 
based upon consideration of: 


1.—The dividend being earned them upon the capital stock 
the company which restricted rigidly actual cash 
investment; allowance being made for 10% dividend 
from the time incorporation the company, provided 
the income the company justified this return. 

2.—The probable continuity and growth future income. 

3.—The character the plant and the service furnished and 
the probable needs the future. 

4.—The effect the sinking fund, sterilization, and other 
similar clauses under which the 
operating. 

5.—A 14% allowance for cost reinvestment and other costs. 


stated the Comptroller, the company’s works were valued 


upon basis their value the vendor, rather than the pur- 
chaser; upon the “perpetual existence the companies, and apparently 
the adoption average the past ten years starting 
point for their valuation.” 

The Comptroller further observes that doubts “whether sufficient 
weight had been attached the recent arbitrations the large ex- 
penditure capital account which will required distant date.” 

also interesting note that, the recent Maine cases, “the 
Court ruled that the question the value the undertaking was 
matter for the Court, and his evidence (the witness’) was therefore 
limited facts concerning the condition the Company’s works and 
plant.” 

impossible, within the limits this paper, discuss 
detail the awards the London but those particularly interested 
this subject will find the report the London County Council, 
referred to, well worth perusal. 


TABLE 4.—SoME RECENT AWARDS ENGLAND _VALUATION CASES. 
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Gloucester. 
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Some Recent Awarps New 
VALUATION CASEs. 


Table though more less fragmentary, may casual 
interest the reader, particularly familiar with the works. 
Without fair knowledge local conditions, not safe gen- 
eralize from figures this kind. Particular attention called 
the fact that deduction has been made from the net annual income 
cover depreciation interest upon fixed charges, and similarly 
determining the ratio net income award, this ratio deter- 
mined from the approximate net annual income exclusive deprecia- 
tion and interest charges shown. 


Notes Table 4.— 

(1) Estimated from Census. 

(2) Charles Parks’ estimate future income, including 
estimated hydrant rental. 

(3) Normal for 1902, estimate expert for company. 

(4) Anticipated for 1903, estimate expert for company. 

(5) Finding Commission after deducting depreciation 
value physical plant, exclusive water rights, street 
franchises, and going concern value. 

(6) Finding Commission fair net divisible income. 

(7) Coffin, expert for town. 

(8) William Wheeler, expert for company. 

(9) Estimated Water District Engineers. 

(12) Exclusive large summer population. 

(13) Agreed reproduction cost exclusive engineering and con- 
tingencies $31 380. Amount given includes 123 per cent. 

(14) Town experts’ estimate. 


(16) Average company’s experts, after deducting depreciation. 


(17) Average city’s experts after deducting depreciation. 
(18) Bulk water used Navy Yard for manufacturing. 
(19) $10 346 less depreciation. 

(20) 


(21) Exclusive service pipes, hydrant, and drinking fountains. 
*(22) Inclusive service pipes, hydrant, and drinking fountains. 


Ownership issue, and probably vested the water consumers. 
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(23) Exclusive services, Water District experts’ estimates. 
(24) Agreed reproduction cost engineers, $158 389.40. 

(25) Average net revenue, years, $14 434.40. 
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CONCLUSION. 


seems unnecessary attempt recapitulation the matters 
discussed herein, the length this article has far exceeded intended 
limits, and only comparatively few directly interested water- 
works valuation and fair-rates cases will likely sean these lines. 
The paper was prompted the desire submit, for discussion, 
members this Society, the method outlined herein applying, 
water-works valuation, the vital principle gauge fair rates— 
“the-worth-of-the-service-to-the-consumer,” admirably laid down 
Judge Savage the Brunswick decision destined 
much quoted, and exercise large influence water-works valuation 
and rating cases the future. 

not suggested that the method discussed illustrated 
herein the only correct method, the final criterion value 
that the interpretation which the Supreme Court Maine would 
put upon its own ruling. furnishes, however, another standard for 
water-works valuation and for the determination fair rates—perhaps 
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more tangible and rational one than some that have been used the 
past. 

applied works which have been seriously over-capitalized 
cover earnings, will bear heavily; capital actually 
and prudently invested the property, will afford ample protection. 

old and outgrown works which, not content with dividing the 
real earnings the company—and failing recognize and provide 
for the inevitable depreciation resulting from lapse time, long ser- 
vice, and other conditions—have actually divided the plant divi- 
dends, will result present loss over-greedy corporation. 
the prudent and well-managed company and new seeking 


opportunity for investment service works, will give added 
safety and attractive. 


conclusion, the writer desires make grateful acknowledgment 
his obligation Messrs. Allen Hazen, William Wheeler, Harrison 
Eddy and Charles Sherman, Members, Am. Soc. E., for 
friendly suggestions upon this paper, and the Hon. Herbert 
Heath, Augusta, Maine, Corporation Counsel, for permission 
make use his arguments the Maine cited. 
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THE IMPROVEMENT THE OHIO RIVER. 


PRESENTED DECEMBER 16TH, 1908. 


The recent completion Locks and Dams and Ohio 
River, creating, connection with Locks Nos. and navigable 
depth ft. from Pittsburg Beaver, Pa., distance about 
miles, and constituting the first completed section the 9-ft. project, 
caused the writer think that review the various engineering 
projects proposed for the improvement this river, might 
interest the profession. 

The writer had charge the construction Locks Nos. 
and from 1903 the spring 1907. Captain Johnston, Corps 
Engineers, A., one his assistants that time, aided 
materially preparing this paper. 


CHARACTERISTICS. 


The Ohio River formed, Pittsburg, the junction the 
Allegheny and the Monongahela Rivers. Its total length, all which 
navigable, 967 miles. The navigable length its tributaries 
about 3000 miles. The drainage area above Pittsburg, including the 
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valleys the Allegheny and the Monongahela, about 19000 sq. 
miles, while the entire water-shed comprises area about 214000 
sq. miles, which larger than the area drained the Mississippi River 
above the mouth the Missouri, and larger than the drainage area 
any other river the United States, except the Missouri and the Lower 
Mississippi. The total fall low water from Pittsburg Cairo 
426 ft. the first miles the river, from Pittsburg Beaver, the 
average ‘slope about in. per mile; from Beaver Wheeling, 
distance miles, in. per mile; from Wheeling Louisville, 
distance 509 miles, in. per mile; while from Louisville Cairo, 
the slope only in. per mile. 

its upper portion, the river subject frequent and rapid 
fluctuations water surface. 

connection with the generally accepted theory that the destruc- 
tion the forests has increased the number and extent floods, and, 
the same time, decreased the low-water flow the streams, the 
following statistics are cited: 

Records the river stages Pittsburg for the years preceding 
1881, show the following: 


Average Number 


River Stage. Days per Year 


Average number days when river was below ft., 214. 
Average number days when river was above ft., 151. 
For the years succeeding 1881: 


Average number days when river was below ft., 201. 
Average number days when river was above ft., 164. 


Colonel Ellet’s book, “The Ohio and Mississippi Rivers,” the 
following record lowest water depths the bar Wheeling 
found: 


Sept. 27, ft. 103 in. Sept. 19, 1845...2 ft. in. 
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The number times that the Ohio River was above the danger 
stage Pittsburg, Cincinnati, and Louisville, during the sixteen years 
preceding 1891 and the seventeen years following, shown Table 


TABLE 
Place. inclu- 1891-1907, 

gauge, sive sive 

Times. 


expected that the records Pittsburg would show 
greater number river stages ‘above ft. the years succeeding 
1890 than the preceding years, because the material contraction 
the river channels that place due encroachments railroads 
and manufacturing plants. However, the conditions Louisville and 
Cincinnati have changed little that fair conclusions can drawn 
from the records those places. 

While the highest gauge readings which there record 
Pittsburg March 15th, 1907, which date stage 35.6 ft. 
was reached, thought that during the flood 1832, which reached 
height 34.94 ft. Pittsburg, the discharge the river was 
probably equal that March 15th, 1907. comparison the old 
and present maps shows marked contraction the river channels 
near Pittsburg account slag dumped over the banks into the 
streams. 

seems follow from these data that the extremes flood height 
are not materially influenced forests, but that the frequency 
medium size and possibly destructive floods may increased de- 
forestation. These data further show that the deforestation the Ohio 
water-shed has had practically effect upon the extent the low- 
water navigation seasons. 

theory has been advanced that the low-water stages rivers are 
less dependent upon springs than upon summer rains, first one 
tributary and then another. This has been especially noted the 
Monongahela River, which stream becomes exceedingly low during the 
summer and fall months, unless there local rains, notwithstanding 
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copious prior winter and spring rainy season. Summer rains, the 
lands denuded forests, reach the river; whereas, forest exists, 
the rain absorbed the thirsty plant life, evaporated. 

The maximum recorded discharge the Ohio River just below 
Pittsburg, 489000 cu. ft. per sec. The discharge Davis Island 
Dam, just below Pittsburg, has been observed recent years 
small 1600 cu. ft. per sec. Captain Saunders gauged the Ohio River 
Pittsburg 1838, during the drought, and found the discharge 
1400 cu. ft. per sec. ‘The quantity water emptied into the Ohio 
its tributaries during the dry season very small, the low-water 
discharge the Monongahela River being only 166 cu. ft. per sec. 
Although the low-water discharge practically all the tributaries 
too small, and the slopes many them are too steep admit 
efficient improvement regularization, the discharge large 
enough permit extensive commerce carried through 
system locks and dams, that the Monongahela River being about 
12000000 tons per year. not thought that such extensive 
use this other streams similar slope would possible unless 
the same were canalized, this assuming the existence sufficient water 
make the needed open river channel depths. The present system 
dams with movable tops will create navigable depth about ft. 

Even during the dryest periods, abundance water exists 
the Ohio for the maintenance 9-ft. depth the pools slack- 
water system, has been demonstrated Davis Island Dam built 
more than twenty years ago. 

Usually, the low-water period includes July, August, September, 
October, and November. During the low-water season, the depth 
water the bars near Pittsburg from in.; sometimes for 
nearly three months the bar depths are less than ft. The lack 
navigable depth the lower river caused largely the excessive 
width the channel. 

Table shows the number days, within the period named, that 
9-ft. stage more, existed important points along the river. 

The present project for improving the Ohio contemplates naviga- 
ble depth ft., which project, without changing any structures, could 
easily provide for 11-ft. navigation dredging the upper end 
the pools. will observed from Table that the number days 
per year during which there natural stage ft. more, in- 
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creases the river descended. From Pittsburg Beaver, the mean 
number days that 9-ft. navigation afforded eighty-one. The 
Pittsburg District, including radius miles around the city 
proper, the most prolific freight-producing center the world. The 
intermittent navigable stages the river, aggregating only days 
per year, has debarred this district from extended use the Ohio, 
except for the cheaper grades freight such coal, and for that 
where long haul necessary. 


TABLE 
Mean number days above 

Place. during the years, 1895- 
Point Pleasant, Va............. 150.3 
Madison, Ind.* 233.0 


Five years’ records only. 


During the periods that intervene between freshets, great quantity 
freight kept the harbor Pittsburg awaiting rise. The 
steamboats are tied up, much capital idle, and great expense in- 
curred watching the boats and barges, pumping them out, 


“In June, 1895, there were collected the Pittsburg harbor, 
1200 000 tons coal, loaded upon about vessels awaiting water 
move them down the Ohio River, the largest tonnage ever assembled 
any harbor the world any one time. The rise did not come 
until November 27th. The cost freight and vessels engaged this 
service was estimated $6310000. cost $2000 per day keep 
the tonnage afloat, and $1000 per day interest the investment. 
Total, 000 per day. This tonnage was kept waiting the Pittsburg 
harbor for water the Ohio River average time five 
what one item commerce lost five months, because Western Penn- 
sylvania did not have the economy transportation that results from 
continuous water movement.”* 


Address Mr. John Shaw, before the Merchants’ and Manufacturers’ iation 
Pittsburg. 
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STEAMER “SPRAGUE” AND TOW 
LOUISVILLE NEW ORLEANS, 
PRESENT OPEN-RIVER NAVIGATION 


FEET, 


Compound Engines 
Cylinder 63°@ STEAMER 
2174.90 Length, 315 feet 


Tow: Coal Boats and Fuel Boats. 
Containing 56000 Tons Coal, 
Area vovered the Coal Boats 5.9 Acres. 


Note: 
System tying Boats together and Steamer 
indicated broken lines. 
Draft coal boats feet. 
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Boats AND 


Boats suitable for navigating the Ohio River not anchor, but are 
tied the shore, and sloping shore needed that they may 
moved toward the bank the water rises, thus keeping out the 
stronger currents where drift would lodge against them and break them 
loose. 

The short-lived freshets the Upper Ohio have developed 
unique system towing the Ohio and Mississippi Rivers. 
times freshets, freight carried great fleets made boats 
and barges. The boats are about ft. wide about 175 ft. long, 
and each carries approximately 1000 tons. The barges are ft. 
wide about 130 ft. long, and each carries about 500 tons. they 
leave the upper river, the fleets vary size, containing from 
boats barges. These fleets are increased size they proceed down 
the river, and sometimes comprise from boats 1000 tons 
each, the fleet covering acres water. 

Plate XVII shows the Steamer Sprague and tow coal barges. 

When loaded, coal barges draw ft., and coal boats from ft., 
the former requiring navigable depth ft., and the latter from 
ft. The excess depth from ft. needed, because 
the large fleets generally require channel width least 300 ft. 
the full depth the deepest laden craft the fleet, and obtain this 
generally necessary have river stage least ft. higher than 
that necessary for single boat. slack-water depth ft. 
least equal 11-ft. open-river depth. With slack water, the pools 
are more than ft. deep all places except immediately below the 
locks. There being currents interfere, little dredging allows 
fleets full depth and width pass into the deeper water and wider 
channels further down the pools. The absence currents greatly 
assists navigation keeping narrow channels. 

The steamboats are the stern-wheeled type. Experience has 
shown that these boats are exceedingly efficient for the work required. 
They are equipped with long balanced rudders against which the water 
from the wheel impinges with high velocity when the boats back, thus 
driving the stern the desired direction whether the boat has head- 
way not. With this device, boats 2000 can successfully 


maneuver, down stream swift water, fleets from 40000 
tons burden. 
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report submitted the Chief Engineers, 1870, the late 
Milnor Roberts, Past-President, Am. Soc. E., stated that: 


system which will provide uninterrupted navigation will un- 
doubtedly revolutionize the system coal carriage. powerful 
steamers can then used steadily all the year round, making regular 
trips, each boat taking fewer barges, but doing the same, more busi- 
ness, with less capital invested less risk, and without the expense 


due idle boats and the expense watching the great fleets while 
awaiting freshet.” 


system locks and dams was referred to, Mr. Roberts the 
paragraph quoted. 

The records freight cost under the present towing system, to- 
gether with the estimated cost with slack-watered Ohio, indicate 
that the export freight the Ohio Valley, offered barge-load lots, 
should delivered New Orleans about per ton.* Boats could 
then advantageously transport freight and down stream. 
unimproved river, one improved regularization, currents are 
often serious handicap up-stream 

adding the foregoing cost reasonable water rate from New 
Orleans San Francisco, including toll charge cents per 
ton through the Panama Canal, appears that, with slack-watered 
Ohio and completed Panama Canal, freight should transported 
from the Ohio-Mississippi water-shed the Pacific Coast from 
$8.50 per ton. With the present class rates rail from Chicago 
New York San Francisco from $19 $32 per ton, and with 
commodity rates about 4.3 mills per ton-mile, one would expect 
large commerce, via the all-water route, between the people the 
Ohio-Mississippi water-shed and those living between the Rockies and 
the Pacific Ocean. The Panama Canal will, course, offer similar 
opportunities the Atlantic Coast, both trade with the Pacific 
Coast and with China and Japan. this connection the following 
inserted: 


“Recently tons steel rails were shipped from Pittsburg for 
the construction the Prince Rupert and the Grand Trunk Pacific 
System, what, its face, appears exceedingly roundabout 
route. The rails were first sent New York, where they were loaded 
vessels going the Orient the Suez Canal Route. reaching 
Kobe they will transshipped and sent across the Pacific their 


Doc. 492, 60th Cong., Ist Sess., pp. 35. 
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final destination. How much will saved this method shipment 
not stated.” 


thought that the tolls charged the Panama Canal should 
low—not much more than enough cover the operating and mainte- 
nance expenses. The construction cost should charged largely 
National protection, least until large traffic developed. 

The map, Plate XVIII, accompanying report examination 
the Ohio River made Board Engineers, United States Army, 
and transmitted Congress January, 1908, shows the territory 
that thought will commercially benefited reliable navigation 
the Ohio-Mississippi system. 

The Report states 


“The boundary line this territory was found drawing line 
through towns which the freight rate from New Orleans river 
and rail present rates equal the present all-rail rates from 
seaport towns the same points. Barge freight rate from New 
Orleans distributing points such Vicksburg, Cairo, Evansville, 
Louisville, Cincinnati, Wheeling and Pittsburg was assumed 1.14 
mills per ton-mile, which was the rate charged during the year 1905-6. 
The rail rate used was 4.832 mills per ton-mile from Gulf cities north- 
ward and the present mean ton-mile rate sugar carload lots 
from New Orleans Chicago, Cincinnati, Louisville, and Pittsburg. 
The rate used from Atlantic Coast cities inland that the Penn- 
sylvania Railroad from New York Pittsburg, 7.4 mills per ton- 
mile, which the mean the ton-mile rate sugar and rice. rate 
mills per ton-mile was used the Hudson River and through the 
Erie and rate mills per ton-mile the Great Lakes for 
such commodities sugar, rice, 

“Within the territory shown the map now lives population 
about 000 000 people, whom live that portion ter- 
ritory lying the Ohio Valley proper.” 


The original method improvement the Ohio River included 
the “removal snags and rocks; the closing duplicate channels 
low dams; the guiding the water into single low-water channel 
dykes where the river had excessive width; and the removal, 
dredging, hard bars and projecting points.” 

was only hoped this method prolong the navigation season 
for packet business, enough water not being available for producing 


Executive Doc. 492, 60th Cong., Sess., 22. 
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depth and width sufficient for towboats and fleets. Economy 
transportation the Ohio being within limits proportional avail- 
able depth and width, experience indicated that fleets from Pittsburg 
New Orleans should draw least ft., and that channel widths 
least 300 ft. were necessary the lowest navigable stage. This naviga- 
ble condition could only brought about permanently materially in- 
creasing the low-water flow the river, locks and dams. 

The following methods increasing the low-water discharge have 
been 

obtain the additional water needed during the rainy 
season cutting ditch from Lake Erie the Ohio River. How- 
ever, the river above Marietta, Ohio, was higher elevation 
than Lake Erie, this method was impossible. 

(2).—That Lake Chautauqua should used regulating reser- 
voir for the Ohio River. The drainage area the lake was too small, 
however, for serious consideration. was then proposed use Lake 
Chautauqua reservoir, and keep filled pumping from 
Lake Erie. 

Charles Ellet, civil engineer engaged work 
Wheeling, West Va., made some observations the discharge 
the river there, from which reached the that the average 
annual discharge the river was sufficient maintain continuous 
6-ft. navigation, the water was stored reservoirs times large 
discharge and permitted flow times small natural discharge. 
The plan proposed involved the construction large dams form 
reservoirs upon the head-waters. This scheme was reported upon ad- 
versely Milnor Roberts, United States Civil Engineer, who was 
charge the Ohio River improvements from 1866 1870. Mr. 
Roberts was peculiarly well qualified investigate the subject, both 
his efficiency civil engineer, and also because his inti- 
mate knowledge the region drained the Allegheny and Mononga- 
hela Rivers, having been connected different times with the 
Pennsylvania State Canal between Johnstown and Pittsburg; the 
canal between Erie and Beaver; the Monongahela slack-water system; 
and surveys for various railroad lines the regions mentioned. 

This plan has recently been revived. should remembered, 
considering it, that open-channel depth least ft. now 
necessary, the trend being always for deeper water. 14-ft. depth 
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being advocated between Chicago and St. Louis. The records seem 
indicate that the supply water not sufficient provide such 
depth during the entire year the Upper Ohio River, while there 
may sufficient for the Lower Ohio. 

The proposition increase the low-water flow means water 
impounded reservoirs, had, course, the double object thus 
improving navigation and, the same time, providing for flood pre- 
vention. The extreme irregularity with which floods occur and the 
navigation necessity always having full reservoirs the beginning 
the dry season, would result many times the reservoirs being 
full when needed for flood prevention. Thus they would not able 
restrain the flood such manner prevent entirely the usual 
damage. 

flood prevention alone the function the reservoirs the 
Upper Ohio, the writer believes that they could made serve such 
purpose. During the winter season, when the movable dams were down, 
the impounded water might used prevent the formation ice 
large quantities, increasing the flow gradually drive out 
such forms, thus acting auxiliary the present movable 
dam system. The water the Chagres River, the Isthmus 
Panama, impounded, order control its flow, reser- 
voir which will 165 sq. miles area. The flood discharge this 
river about one-third that the Ohio Pittsburg. 

Reservoirs means river improvement have always been attrac- 
tive. Their cost, however, connection with the danger their 
being filled with detritus from the surrounding hills, has prevented 
their adoption generally system river improvement, both the 
United States and Europe, and that streams where the slope was 
such that commerce could obtain the full benefit, the necessary depth 
existed. 

company was organized 1855 for the purpose experimenting 
the River with system improvement which had been 
devised General Herman Haupt. The Company proposed prose- 
cute the work its own expense and condition that payment 
should made the Government unless the plan proved suc- 
brief, the plan improvement involved the use low dams 
and open chutes, about 300 ft. wide, inclosed one side the 
natural bank the river and the other longitudinal bank 
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mound. This plan was reported upon adversely 1870 Mr. 
Roberts, and again 1880 Board Engineers. 

Mr. Alonzo Livermore proposed that low dams used, but that, 
instead locks, long chutes should provided. These chutes would 
contain division walls and enlargements located decrease the 
velocity and the discharge water through the chutes. 

Mr. Roberts investigated all the above-mentioned plans and then 
decided recommend that the river should canalized, locks and 
fixed dams being used, each dam being provided with navigable 
chute for use during freshets moderate height. 

few years later, the late Am. E., Major, 
Corps Engineers, United States Army, investigated the subject 
radical improvement the river and agreed with Mr. Roberts that 
lock and dam system was the proper solution the problem. 
stated that the advantages canalization scheme over any other pro- 
posed method improvement were follows: 

(1).—It has been long tried and now use the Mononga- 


hela River, where meets the demands the same commerce that 
navigates the Ohio. 


(2).—There are great hazards connected with the system, since 
the dams are low and the destruction one would not necessarily 
injure the one next below. 

(3).—It known positively that locks and dams can built, that 


will answer the purpose fully, and their cost can determined 
beforehand with very fair accuracy. 


(4).—There would damages from overflow, destruction 
property any kind. 

(5).—No special care needed the use the slack-water system. 
The pools are themselves reservoirs containing the minimum quantity 
water needed, and the exact place where used. 

(6).—The cost the system would probably less than that 
the other (reservoir) system. 

(7).—The pools would make excellent harbors for all river craft, 
improvement that greatly needed the large cities and especially 
Pittsburg. 

There was one great objection, however, the construction any 
system dams such had ever previously been built the United 
States. times freshets, all the coal shipments were made 
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which were too large through lock any reasonable dimen- 
sions, without being divided into two more lockages. When the 
fleets are made up, the barges are fastened together very securely 
cables every direction, and the delays which would caused 
making and unmaking fleet each lock would very great. (Plate 
CXXVII.) The coal shippers were vigorously opposed the con- 
struction any system dams which would not permit the passage 
fleets down stream, times freshets, without being broken 
and reformed each dam. was believed that the influence 
interests was such that they would able prevent the appropriation 
Congress funds for any system dams which would change the 
established system coal carriage during high stages water. 

Board, consisting Majors Weitzel and Merrill, then made 
careful study the whole subject. system fixed dams was 
studied first, each dam have opening ft. deep and 200 ft. wide, 
cut the top with inclined plane below the dam, and built that, 
high stages, coal fleets could passed through the opening and 
down the inclined plane into the lower pool. The opening the dam 
was closed some form movable gate which could operated 
easily and quickly. 

The Board studied the French and other systems movable dams, 
but considered that there might objections the use Chanoine 
wickets the Upper Ohio, which did not exist the case the 
rivers France. was believed that the large quantity drift and 
ice found the Upper Ohio might very injurious the parts 
movable dam the French type. Major Merrill’s plan was finally 
adopted part. This plan provided for locks and dams between 
Pittsburg and Wheeling, built for minimum depth ft., the 
dams the movable type, with navigable passes 400 ft. wide, 
closed Chanoine wickets, and high and low weirs, 
closed with either Desfontaines’ wickets Brunot’s gates; the locks 
ft. wide about 630 ft. long, with lifts from ft. 
The first dam was located Davis Island, five miles below Pittsburg. 
The plans for the first lock and dam were subsequently modified 
that the lock built was 110 ft. wide and 600 ft. long, and the weirs 
were closed Chanoine wickets shorter lengths than those the 
pass. All wickets were originally planned maneuvered from 
service bridges. Davis Island Dam was commenced 1878, and 
opened navigation 1885, and its cost was about $910 000. 
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The operation the dam Davis Island having been successful, 
1888, Major Merrill proposed the immediate construction two 
more dams the series. The Board Engineers went still further 
and recommended the extension the slack-water system far the 
mouth the Beaver River, the construction four the dams 
previously mentioned Major Merrill’s project 1874. The first 
appropriation for building Dam No. was made 1890 and the last 
1902, and the lock and dam were completed and put commission 
the summer 1904. 

The first appropriation for the construction Locks and Dams 
Nos. and was made Congress June, 1896, and the 
last 1905. These latter dams were completed 1906 and 1907. 
The time taken Congress appropriate the money for these dams 
specially mentioned, because engineers are often blamed for the 
slow building structures for which legislative bodies have not pro- 
vided the funds, for which latter action engineers are way 
responsible. 

the construction such system improvement described 
this paper, the building each lock and dam complete should 
provided for one contract. This would prevent the delays due 
entering into many contracts different periods the construc- 
tion, and those due collecting and erecting different sets con- 
tractor’s plant, ete. 

Each lock and dam complete should built from years, 
and there limit, engineering nature, the number locks 
and dams that can contracted for the same time. course, this 
means that all the funds necessary complete lock and dam must 
authorized prior the commencement the work. 

The River and Harbor Bill passed the spring 1905, authorized 
for navigable depth ft., instead ft., originally planned. 

The harbor Pittsburg had been dredged permit naviga- 
tion boats drawing between and ft., and, therefore, was only 
necessary change the plans the dams which had not been com- 
pleted, viz., Nos. and The changes made comprised the 
raising these four dams means longer wickets and higher 
gates, and the lowering the lower lock sill Dam No. 
changes had made the completed dams, Nos. and but, 
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order permit the extension the harbor Pittsburg include 
good natural deep-water pool short distance below Dam No. the 
lower lock sill that dam was lowered. This will allow coal boats 
taken from Pittsburg during the navigable season, any stage 
the water, down far this good natural harbor, there await 
coal-boat freshet. 

The Act Congress, approved March 3d, 1905, made provisions 
for survey the Ohio River from Pittsburg Cairo, with view 
the radical improvement the river throughout its entire length. 
The report the Board Officers appointed make the survey has 
been submitted Congress. This report recommends the canalization 
the river from Pittsburg Cairo, provide navigable depth 
ft.; the locks and dams are built practically the same type 
those already constructed the upper portion the river; the 
Louisville and Portland Canal widened, and duplicate lock 
placed therein. The estimated cost the entire project was 
$63 addition the appropriation already made, viz., 
281 376. 

The locks are 110 ft. wide and 600 ft. long the 
clear. The dam consist navigable pass from 600 700 ft. 
wide, automatic part, probably the bear-trap type, and series 
movable weirs the Chanoine, other well-tried type; the propor- 
tion weir and automatic part determined the conditions 
existing each dam. 

Thus far the order building has been first construct locks 
and dams below the important cities and tributaries, provide 
good harbors soon possible with the funds available, and thereby 
enable river commerce connect with existing railroads. Thus, Davis 
Island Dam was built below Pittsburg; and, present, Dam No. 13, 
below Wheeling, No. 18, below Marietta, and No. 37, below Cincinnati, 


are under construction. 


The following rules were promulgated Bixby, Am. 
Soe. E., Major, Corps Engineers, A., for the location 
locks and dams the upper river: 


“Ist. allow room the river for navigable pass least 600 
feet wide, with its centre nearly line with the existing channel 
tow-boat stages water. 

“2nd. allow room the river for weirs least 240 feet total 
length, placed much possible protected from injury 
floating drift. 
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“3rd. allow room the river for passage coal tows around 
each half the-dam during construction the other half. 

“4th. allow the sill bottom the navigable pass being 
placed least slightly above the present bed the river, and yet 
least far below the water surface are the channel bars, which 
coal-boat stages determine the available depth the river the pools 
above and below. 

“5th. avoid positions where the coal-tows must flanked 
placed obliquely the channel line reason river bends, oblique 
currents. 

“6th. allow the view dams approaching boats for dis- 
tances least half mile both and down stream. 

avoid positions near shifting sand gravel bars, and 
mouths sand-bearing rivers, creeks, and runs, unless such bars and 
streams below the dams the weir side. 

“8th. allow positions below the mouths large tributaries 
like the Little Kanawha, Great Kanawha, Guyandotte, Big Sandy, 
Licking, and Big Miami, near enough extend navigation 
properly the nearest dam such tributary, but yet far enough below 
the mouth such tributary avoid trouble from deposits and flood 
overflows, and allow the proper handling boats entering leaving 
such tributaries. 

“9th. avoid cutting otherwise injuring the existing 
harbors large cities, especially Parkersburg, Pomeroy, Point Pleasant, 
Gallipolis, Huntington, Catlettsburg, Ashland, Ironton, Portsmouth, 
Cincinnati, Covington, and Newport. 

“The first, second and third conditions prevent locations narrow 
parts the river, and especially islands where the bank channel 
bare low water, and insufficient depth coal-boat stages. The 
third condition prevents location within half mile the ends 
islands, high mid-river bars. The fifth and sixth conditions prevent 
locations sharp bends. 

“While not expected that all these conditions can 
fulfilled each location, still past experience this river, combined 
with the information far secured, indicates that these conditions 
can, general, complied with, and that departures from the same 
will the exception rather than the rule.” 


important, planning any system slack-water navigation, 
foresee and provide for any increased depth which may demanded 
the near future. better design the locks accom- 
modate greater draft than that indicated the time construction, 
order that increased depth may easily obtained the future 
dredging the pools. The extra cost lock built limited 
the excess cost the lower gate over the decreased cost the lower 
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sill foundations. For this reason, any system locks and dams should 
designed provide the draft needed, without the use aux- 
iliary dredging, leaving the deepening the pools done later, 
provide for possible demand for increased depth. 

will remembered that the dams originally proposed for the 
Ohio were fixed dams provided with navigable chute. The require- 
ments the coal-fleet navigation made fixed dams which were not 
provided with some kind navigable pass out the question. 

movable dam used the Ohio River should conform 
the following: 

should easily operated and free from complicated 

should capable being lowered rapidly, without chance 
failure. 

Its parts should strong and simple prevent damage 
ice and drift. This consideration very great importance the 
Ohio, where the severity the winters must kept mind select- 
ing type movable dam. 

should capable being easily operated pass small 
freshets without the necessity lowering the entire dam and without 
lowering the pool below normal level. 

should afford navigable channel least 600 ft. wide, with the 
dam down, and the passage should then have depth water equal 
that the bars above and below the dam. thought that the 
combination Chanoine pass and weirs, with bear-trap automatic 
portion, fills these conditions better than any other. 

The lift the dams planned, the present, has been limited 
about maximum. This was originally based the experience 
France. With these small lifts and navigable stage only ft., 
the wickets for the navigable pass were length not greater than 
ft. The navigable depth the Ohio, from ft., 
caused the use wickets long ft. These have been maneuvered 
satisfactorily, and possible that Chanoine dams 10-ft. lift 
could satisfactorily operated. 

wicket ft. long was adopted the project last 
Congress. the construction engineers can safely lengthen these 
wickets, smaller number dams will needed. 

There are lift walls the locks, both gate-sills being ap- 
proximately the same elevation the sill the pass. This advan- 
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tageous, because permits boats through the lock times when 
the dam down and there not much water the river. When 
upward-bound packet meets tow going down stream through the pass, 
often desirable for the packet pass stream through the lock. 

There are guard walls prolonging the river wall locks, because 
has not been believed that they are necessary. 

Where the foundations the river walls the lock are such that 
serious scour may anticipated the outside, due the opera- 
tion the dam, customary let the dam start from about the 
center the lock wall, thus affording ample room for emptying and 
filling the valves, which are placed the outside wall itself. 

Whenever there danger scour the place designated above, 
customary let the dams abut against the wall near the lower 
end the locks possible, and, the same time, provide the 
necessary filling and emptying arrangements. Eddy currents below 
movable dams should not very serious, since the dams are down 
all higher stages the river. 

Before sudden rise, may essential commence lowering 
navigable pass the end next the lock, although this should not 
done unless absolutely necessary. done, the scouring effect 
the current alongside the lower end the river wall very great. 
should not that, because movable dams are down during 
the higher stages, scour not probable. 

case accident the lock gates, the rush water through the 
lock would probably undermine the walls, unless they were properly 
protected against scour. Moreover, during construction, there are times 
when the cross-section the river the site the dam very much 
reduced coffer-dams, ete., and the currents through the openings 
between obstructions are such produce very dangerous The 
wall foundations should protected against any these 

Lock No. during construction, the entire width the river 
was one time closed, except about 430 ft. which was divided into 
two channels. One these channels, next the lock wall, was only 
220 ft. wide. The scour along the lower end the river wall, caused 
the severe currents through this narrow passageway, 
undermine the lower end the wall, and the scour was only stopped 
the prompt placing large quantity rip-rap, thrown hand 
from the top the wall. 
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The principle which should govern the height the walls above 
the pools that they should such height will permit boat 
lie alongside them with its guard below the top the wall. This 
would indicate that ft. above the water the proper height ac- 
commodate packet-boats, the guards which are generally from 
ft. above the water surface, but, course, this depends the load 
carried. Towboats have much lower guards. the lock may used until 
the upper pool rises height about ft. above the crest the dam, 
would better build the upper guide wall and the land wall 
the lock elevation about ft. above the level the normal 
upper pool. The river wall need not built high, because 
unusual for packets lie alongside that wall while making lockage, 
and, necessary, their fenders can used any time. fact, the 
dams the stretch river near Wheeling have river walls less 
elevation that the land walls; but, originally built, the walls the 
locks the upper part the river were uniformly ft. above normal 
pool level. The increase pool elevations, caused the change from 
9-ft. navigable depth, decreased the height the walls 
above the pools and necessitated raising some the walls. most 
the land wall and lower guide wall were raised, the river walls 
not being raised. The lower guide walls were originally built 
elevation ft. above normal lower pools, which provided the same 
clearance the other walls, when the pools were normal level. 
However, this did not take into consideration that when there con- 
siderable flow over the dam, the lower pool rises almost twice fast 
the upper pool. would seem then that for symmetrical design, 
the lower guide walls should built elevation about ft. 
above normal lower pool, the land wall ft. above normal 
upper pool. guide wall should least long tow that 
pass through the lock one lockage. the latest dams this 
river, the guide walls are from 600 700 ft. long. 


The Ohio River locks are differentiated from most other locks 
the United States principally the type lock-gate used. The 
gates are the rolling type designed the late Major Merrill. 
When out use, gate this type housed recess the bank; 
when needed, run across the lock, thus closing it, the screen serv- 
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ing gate. originally planned the locks were ft. wide. 
was not believed practicable make them wider, because 
the small height and the great length the miter-gates. However, 
when was deemed necessary, later, increase the width 110 ft., 
form gate suited such wide span and small height was de- 
signed. These rolling gates run tracks much the same way 
ordinary railway car. The principal parts gate this type are: 

First.—The top truss which serves carry portion the water 
pressure the lock walls. 

Second.—The vertical water-screen which serves close the lock 
and transfers one-third the pressure the top truss and two-thirds 
the track. 

Third.—The trucks, wheels, ete. 

The original gates the Davis Island Lock were made pine 
timber. The top truss was the Howe type, supported: posts 
lie above the normal level the upper pool. The posts extended 
below the level track, and their lower ends served flanges for 
the wheels which were the plain-tread type, traveling flat-rail 
track, the gauge which was ft. in. The spacing the rows 
posts was such provide for 2-ft. lateral movement the gate; 
for the gate move laterally, however, was necessary for slide 
the wheels parallel the axis the lock. This sliding created 
great strains the lower part the gate, and resulted the breaking 
many wheels and axles. The gate was moved back and forth two 
chains, each chain being fastened one end end the gate and 
wound around chain drum the entrance the recess. The chains 
were rigidly attached the gate, and this mode fastening was found 
give much trouble. the gate struck submerged snag rock 
the track, stopped moving instantly, and something broke before 
the engine could stopped. Wheel axles were broken several times, 
and, one occasion, when the gate could not moved out the 
recess, was found that the outer axle was broken, the lower wheel 
the second axle off, and the axle out its bearings. 

After the original wooden gates had served for years they were 
replaced steel gates. these new gates the top truss the Pratt 
type, the wheels are flanged, and lateral movement the gate pro- 
vided for hanging the framework upon each axle eye-bar hangers, 
which allow the frame swing laterally like pendulum. This ar- 
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rangement prevents the friction the bottom bearing from interfering 
with the opening the gate. When the pressure the gate, 
swings down stream about in. until the bottom-bearing piece rests 
against the up-stream side the down-stream rail. When the pressure 
released, the gate swings back that the bearing strip about in. 
away from the rail. the new gate, rectangular valves are used 
instead the circular butterfly valves the original 

The latest gates are those Locks Nos. and They 
are steel, and are somewhat similar the steel gates the Davis 
Island Lock. The top truss also the Pratt type. The water-screen 
consists horizontal white oak planks bolted vertical, 15-in., 42-lb. 
rest, the top and the bottom, against horizontal 
members riveted each end the down-stream posts 
Below the intermediate horizontal member and the bottom water-coal 
strip, are the gate valves. There are two these valves each 
panel, making eighteen each gate. The valves are rectangular, 
the horizontal-axis, butterfly type, approximately They 
are made structural steel closing against oak cushions, and are 
operated hand from the top the gate racks and pinions. The 
valves were not constructed operated power, because the locks 
were provided with filling and emptying valves the river wall, and 
the gate-valves are not used except case accident the wall- 
valves, and possibly assist flushing deposit out the lock cham- 
ber and the tail-bay. (Plate 

The pendulum arrangement for the lateral swing the gate 
much the same the later Davis Island gate already described. The 
connection between the superstructure the gate and the trucks 
through standard car springs which serve prevent shocks the gate 
when the wheels run over obstructions the track. The wheels are 
standard car wheels, slightly modified the tread fit the level 
gate-tracks. The water-seal the bottom formed wooden bear- 
ing strip. The water-seal each end the gate formed pivoted 
pipe arranged swung the pressure the water until 
closes the opening between gate and wall. The operating chains are 
chains fastened each end the gate tug-lever, 
which arranged with spring control diminish the shock due 

starting and stopping the gate. order prevent breakage the 
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chain, the connections the tug-levers are made shackles and pins 
such size that the pins will break before any link the chain 
possibly fail. The gate moved back into the and out across 
the lock the rotation the chain drum the entrance the recess. 
This drum and its shaft are rotated through system gearing 
12-in. engine the horizontal, double-cylinder, reversible type, 
16-in. steam-driven engine used. 

the design these gates, estimate was made the stresses 
which would result case gate should struck boat entering 
the lock. All truss and screen members were designed support the 
static water load, under the assumption that the lower pool had been 
drawn down sill level. Safe working unit stress for steel members 
was assumed per sq. in. 

The drift the gate recesses and the gates, has 
given great trouble Davis Island. This due largely the fact 
that that lock filled partly valves the upper recess, and 
emptied partly valves the lower recess. The operation these 
valves creates currents toward the recesses, which draw into them the 
drift accumulated the forebay and the lock-chamber. not 
believed that much difficulty will encountered the other locks, 
as. they are filled and emptied entirely through valves the river 
wall. However, order prevent any drift from entering the recesses, 
has been proposed that the gates built hereafter provided with 
pervious screens their up-stream sides, placed that when the gate 
moved, these will pass close similar screens projecting from 
the up-stream sides the recesses the entrances. All drift can 
then locked through, and none will allowed enter the recesses. 

The average time operation Lock No. which has been 
use for three seasons, min. The gates Lock No. have been 
while under 6-in. head, the lower gate being closed while the 
filling valves were open and while there was considerable current 
the lock-chamber. 

The recesses which the gates rest when the dam down, and 
from which they emerge when the lock put into operation, are 125 ft. 
long and ft. wide the newest locks under consideration. The 
recesses the lock Davis Island are narrow that there only 
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about ft. clearance each side the gate. This has often proved 
too small permit making the repairs the gates, which 
are constantly required. one occasion was necessary raise the 
gate ft. off the track order make repairs. When gate 
erected place the tracks, which the usual method, considerable 
room needed during the erection. Moreover, the gate erected 
the track the recess after the lock-chamber has been flooded, 
sump should provided inside the entrance the recess, and there 
should room for the necessary suction pipes, often desira- 
ble use horizontal, centrifugal pump unwatering the recess, and 
such pump not placed some kind floating support, 
desirable that placed the recess. well, therefore, make 
the recess large enough permit this arrangement. believed that 
the recesses should provided with vertical slots the side-walls 
near the entrance that horizontal timbers can placed the slots, 
thus forming the sides coffer-dam. 

The gate-recesses Locks Nos. are wider, but not longer, 
than those Davis Island. believed that recess should about 
135 ft. long for lock 110 ft. wide, the gate being about 118 ft. long. 
has been noted that the gauge the gate tracks ft. in. 
They were constructed, but, just prior the the gates, 
Locks Nos. and was found that the gauge the track 
the entrance the recesses was from in. too small. Inasmuch 
greater clearance than in. had been provided the gauge 
the gate tracks, was necessary tear and reset portion the 
track. believed that expansion the concrete the long land 
walls and guide walls was responsible for the narrowing the track. 
prevent any movement the track rails, has been proposed 
use ties made two channels, back back, with the rails riveted 
interior gusset plate each end the tie, these steel ties 
used instead the former wooden ties. 

There having been considerable trouble the Davis Island Lock, 
caused the collection drift the gate recesses, drift chutes were 
built when the guide walls were rebuilt concrete. Locks Nos. 
the drift chute tunnel running from the rear the upper 
gate recess down past the rear the lower gate recess (with which 
connected) and emptying into the tail-bay the lock. The entrances 
the drift chutes are provided with movable doors, and are intended for 


OSS 
q 
pe, 
ses 
the 

el 
ers 
1as 
ese 
the 
rot 
ks, 
yer ap 
es, 
ith 
ate 
es. 


1196 THE IMPROVEMENT THE OHIO RIVER [Papers. 


flushing the drift out the recesses. The construction the drift 
chutes very expensive, especially when rock found high 
elevation. seems that might well omit them and solve the 
drift problem collecting the drift below the mouths the tribu- 
taries, and not bothered with the same drift every dam the 
river (Fig. 1). course, the greatest quantity drift running 
times freshets, when the dams are down, and the only drift 
cared for the method proposed would that which floating 
the pools. This will probably decrease quantity. 
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The flushing conduits are small tunnels which run from near the rear 
the gate recesses and empty into the lock-chamber and tail-bay. They 
are intended used flushing all sedimentary deposit out the 
recesses. They are provided with Stoney gate-valves the entrances, 
and used when the corresponding gate across the lock-chamber, 
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head equal the lift the dam available for flushing purposes. 
They will work very nicely the deposit small quantity 
permit the gate run across the lock-chamber, but the gate 
can run across the lock-chamber, why any flushing necessary 
noteworthy that, although flushing conduits were built Lock 
No. they have never been used, and the lock has been operated con- 
tinuously three seasons. After the high flood March, 1907, the 
quantity deposit the gate recesses was very great. some 
them there was found sedimentary deposit ft. deep, and, from the 
two gate recesses Lock No. approximately 1400 cu. yd. had 
removed. The deposit all the locks after this flood was great 
that, before any gate could moved, was necessary coffer off 
the recess and remove the deposit. The flushing conduits were 
use because head was available, the dams being down and the gates 
stuck fast. order ensure the satisfactory working the lock- 
gates and increase their durability, believed that wise 
pump out the gate recesses every spring prior the first raising 
the dams. The débris can then removed, the gates repaired, 
necessary, and painted. 

Gate recesses are provided with roofs built either reinforced 
concrete supporting steel plates. The last-men- 
tioned type believed the better, can easily removed 
prior making any needed repairs the gates. The roofs are placed 
such height will permit man walk top the gate and 
push the drift out the recess, into the drift 

Each lock provided with conduit which runs across under the 
lock from the bottom well the power-house the bottom 
another well the river wall. this conduit that the pipes 
are laid which supply pressure for working the river-wall valves and 
the bear-trap gates. placing repairing these pipes, neces- 
sary pump out the conduits, and they should provided with 
sump the bottom one the wells. used all, these power 
conduits should placed low that.they cannot injured any 
dredging that may required cleaning out the lock-chamber. 
the later designs, the conduits have been omitted, the power pipes 
being placed troughs the gate-track foundations. 

Davis Island, the lock filled through seven, circular, butter- 
fly valves, diameter, the river wall, and the same number 
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the down-stream wall the upper gate The lock emptied 
seven valves the same kind and size thé down-stream wall 
the lower gate recess, which all discharge into large conduit empty- 
ing into the tail-bay. Gate-valves were also used. The wall-valves 
were provided with vertical axes, and were turned lever arms moved 
large hydraulic jack, one jack turning seven valves. The valve 
stems had rigid connections with the jacks. 
obstructions getting the valves, most the valve stems became 
twisted and the valves would not close, thus making the leakage great. 
spring compensating device was originated, which permitted any 
one valve remain open while the others were closed. Lock No. 
considerable trouble was had with the breaking springs this 
compensating device, and individual jacks, arranged parallel closed 
were adopted for use Locks Nos. and each valve 
being provided with one these little engines. The jack consists 
Shelby drawn-steel tubing, in. diameter, provided 
with cylinder heads, cross-head guides, ete. Motion given lever 
arm connecting rod operated piston 30-in. stroke. The 
parts were proportioned that the valve shafts could not twisted 
any force which could transmitted the lever arm the pis- 
tons. The shaft any valve not operating would not injured, there- 
fore, while the others turned. The valve shafts are vertical, and made 
cold-rolled steel, in. diameter. 

The valves all the locks, except those Davis Island, were placed 
the river wall the above the dam, for filling the lock- 
chamber, and sixteen below the dam, for emptying it. The valves are 
circular, butterfly valves, in. diameter, cast iron, single 
piece, with horizontal stiffening ribs. 

The individual jacks have been highly successful. They are 
operated water, except the coldest weather, when oil used. 
The pressure is. obtained from duplex pump the power-house. The 
piping installed that, while water under pressure supplied one 
end the jacks from the common supply line operating the pistons 
and valves, the water the other side the pistons flows into the 
other supply line and back the tank the power-house. 


way valve controls the flow, that the direction motion may 
reversed. 
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Davis Island, the steam for operating the lock-gate engines was 
generated boiler the lower end the steam for the 
upper gate engine was piped about 600 ft. the engine; much 
trouble was had from condensation that boiler was installed the 
upper recess. Lock No. the boilers were assembled the power- 
house, which was opposite the middle the lock, and steam was piped 
distance about 300 ft. each gate engine; here again considerable 
trouble was encountered account condensation. single-stage 
air compressor, with capacity 200 cu. ft. free air per min., had 
been installed assist moving the bear-trap gates. This was re- 
placed two-stage steam-driven compressor, with capacity 400 
ft. per min., and larger storage tanks were installed. Thereafter the 
gate engines were operated more satisfactorily with compressed air. 

The valve engines Davis Island were originally operated 
water pressure, supplied elevated tanks under head about ft. 
proved hard move the valves when under head exceeding 
ft., and later the pressure was obtained directly from steam pumps. 

The plants each the recently completed locks consist two 
Westinghouse, three-cylinder, vertical, gas engines, operating 
natural gas, and two chain-driven, Blaisdell, two-stage air compressors, 
each having free-air capacity 500 cu. ft. per min., pressure 
100 operation the bear-trap facilitated air forced 
into the lower leaves, direct from the air tanks. The gate engines are 
also operated compressed air. The filling and emptying valves 
are operated liquid pressure, already stated, the pump being 
operated compressed air. For maneuvering the gates, simply 
necessary have man the throttle the gate engines, but all 
operation valves from the power-house. Cooling water for the 
engines and compressors obtained from elevated tanks supplied 
air-driven pump the basement the power-house. 

One great advantage operating the valve engines liquid 
pressure that, case accident the supply gas, small boiler 
couplea quickly to.the supply pipe the operating pump, and 
the valves can operated the same way when the pressure pump 
was air-driven. the valve engines were operated directly air 
pressure, this could not done. 
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The dams are principally the Chanoine wicket type. The part 
the dam over which navigation passes when the dam down 
called the navigable pass. these dams, the navigable pass located 
next the lock, that entrance the lock will not disturbed 
currents from the weirs, Each dam contains regulating weirs 
the bear-trap variety. They are separated from the abutment shore 
weir the Chanoine type, except Lock No. where there 
weir the A-frame type. The current through the bear-traps 
swift and the scour below them great, that, they are placed next 
the bank, considerable extra expense must incurred for bank 
protection. 

raising one these dams, the pass generally closed, first 
the maneuvering boat; then the Chanoine weir closed winch 
running service bridge, and the bear-trap, automatic part 
the dam, closed last—the raising the rest the dam having 
created head enough permit the raising the bear-trap gates either 

The requisite weir area important. should sufficient per- 
mit closing the pass without causing rise water surface which 
will prevent the maneuvering boat from raising the last wickets, the 
difficulty being catching hold the wicket. 

While the pass being raised, discharge taking place through 
the Chanoine weir, through the bear-traps, and through the part the 
pass not yet raised, well through the spaces between the wickets 
already raised. calculations, all these points must considered. 

Considering now the lowering the dam because rise the 
river, the discharge area should manipulated pass the 
stream flow without the necessity lowering all the 
the discharge becomes large enough maintain natural stage 
ft. the river. The upper pool may allowed rise until 
about ft. above the crest the dam, without preventing the lowering 
the dam from maneuvering boat. 

important that the amount automatic weir area not made 
great that the flow the river through the openings can take place 
without creating head enough operate the weirs. 

designing the foundations the dam, the height the sills 
highest fixed parts must first decided. This governed the 
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desirability not interfering with the normal flow the river and 

also the requirements navigation. The sill the pass should 

placed least far. below low water the crests the nearest bars 

above and below the dam. the sill placed too low, there will 

unnecessary trouble handling the longer wickets, and the founda- 

tion will cost more because being further below the surface the 

water. the sill the pass placed too high, may interfere with 

open-river navigation. 

The sills the weirs are placed higher elevations than that 

the pass. Chanoine weir provided with high sill will have short 
wickets, and can easily operated assist passing small rises 

without lowering the entire dam, and thus lowering the pool. 

The various types foundations used these dams are shown 

Plates CXXXI, and Figs. and 

The general considerations which should govern designing 

dam foundation are, that there should water-tight surface the 

up-stream face, and that the remainder the dam should con- 

structed maintain the water-seal place and prevent its 

disturbance scour below the dam underneath it. all these 
dams the water-seal practically the same. The dams differ the 
style support for the concrete, and the character the protection 
against scour below the dam. Below Dam No. and below portions 
Dams Nos. and stone-filled apron cribs were used, heavy rip-rap 
being placed down stream from the cribs. Below Dam No. and 
below part Dam No. protection against scour afforded 
wide apron rip-rap held place piles driven quincunx order. 
This style similar that used the dams the River Yonne. 
Below portion Dam No. wide concrete apron, which were 
embedded old wire ropes, was used. 

The question scour below dams great importance. has 
been necessary Davis Island many occasions place rip-rap 
below the dam, one time whole barges loaded stone being sunk 
protection. The scour especially bad both above and below 
the bear-trap gates. Soon after Dam No. put into operation, 
scour developed such extent around the piers and bear-traps 
that the bottom the the head the piers, 
and just below the protection apron, the scour went bed-rock, about 
ft. below low water. was necessary place about 2000 tons 
rip-rap stop this scour. 
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The type foundation, shown Fig. that used, the latest 
foundation work the river, when rock practicable elevations does 
not exist. The water-seal formed the wickets, the up-stream 
edge the concrete, and row 12-in. Wakefield sheet-piles. 
‘The concrete supported round piles, driven rock possible. 
general principle construction that the upward pressure beneath 
dam should made small possible. This done making 
that the up-stream face the dam more nearly water-tight 
the down-stream face. there are bound leaks between the 
-sheet-piles, effort has been made designing these dams provide 
free egress for the leakage water such way insure move- 
ment the material under the dam. This done passageways 
‘leading from underneath the tail the concrete and opening into 
the cribs. order permit inspection the condition the 
beneath the dam, vertical holes, in. diameter, were left 
the near the down-stream edge, intervals ft. from 
-center center. These were plugged with swelled wood. The plugs 
removed, holes can bored through them and soundings 
ascertain the conditions existing underneath the dam. case 
-of scour, the opening can filled with grout concrete. 

some the dams, wooden covering was placed top the 
concrete, the timbers being anchored the concrete. The 
idea was prevent damage wickets interposing elastic cushion 
them and the concrete. will soon necessary repair the 
-wooden top Davis Island, and will hard task. The wear 
-at the top has been caused very largely the props running out 
hurters and gouging holes the wood. might advisable 
the foundation for movable dam the Chanoine type 
-arrange the top surface fit movable coffer-dam which could 
used replacing movable parts, making minor repairs the 
-foundation, ete. 

The wickets used the Chanoine dams the Ohio River are 
ft. in. wide, and the largest are approximately ft. long. they 
-are placed ft. apart from center center, there are 3-in. spaces be- 
the wickets, which serve prevent interference the 
-due oblique pull raising, etc. The discharge the Ohio River 
sufficient permit this arrangement, and when the discharge 
small, wooden needles joint covers are used cover the spaces 
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between the wickets. The wearing away the wickets has sometimes 
made impossible stop all leakage the Davis Island Dam, even 
when the needles are used, and, times, straw and willows have been 
used decrease the leakage. This pool, however, has been maintained 
for years with pool below, when leakage was greater than will 
hereafter, this part the system having been completed. 

The pass wickets should designed that they will not swing, 
least until the upper pool rises height ft. above the crest the 
dam. The water has been allowed rise that high the Chanoine 
Dam the Allegheny River; however, that was under exceptional 
circumstances. generally necessary commence lower the 
pass the time the upper pool ft. above its normal level. 
order assist the wicket maintaining its upright position, 
counterweights are placed the breach the wicket. The desira- 
bility making the pass wickets non-automatic until certain stage 
reached, puts inferior limit the distance from the foot the 
wicket the journal boxes, and the economy keeping the length 
the horse and prop small provides the superior limit. 

customary, the operation Chanoine dam the Ohio, 
leave one wicket the pass down near the river wall the lock. 
This affords passage for small drift which collects times near the 
lock wall. 

The horses have large factor safety when the normal tension 
which they are subjected considered; but very often they have 
been damaged being struck boats, snags, ete. Those the dams 
described generally have been provided with side bars in. 
section. The latest ones have 4-in. side bars. first, the axles 
were made cast steel, but many were broken, and forged steel axles 
were then adopted. 

The props have been in. diameter, with large excess 
material the lower end, order ensure that they will remain 
position the hurter channel when the dam being raised. The eddy 
currents have tendency swing the props sidewise, and prevent 
their seating properly against the step the hurter. has been 
considered some that the large bulge the bottom end the prop 
contributes this offering greater surface for the water act 
against, and late experiments have been made with cylindrical props, 
in. diameter throughout their length. sometimes happens 
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lowering the wickets that the props not run back properly the 
hurter grooves, but catch and prevent the wicket from falling. 
then customary lift the lower end the prop with hook the 
end line from the maneuvering-boat derrick, this hook engaging 
notch the lower part the prop. 

The current increases greatly the last few wickets are reached 
raising the dam, and these wickets should provided with heavier 
props than the other wickets the pass. One the greatest troubles 
encountered raising the pass the difficulty catching hold 
the handle plates the last few wickets raised. believed 
that the wickets the pass nearest the first pier might well pro- 
vided with chains reaching from the bottom handle plate one wicket 
the top handle plate the next wicket the side toward the lock. 
The last few wickets can then raised these chains. 


Tue 


bear-trap weir was installed Davis Island 1889. The gates 
were wood, and were ft. long, forming weir the type known 
the “old bear-trap.” was intended for use automatic weir 
for the regulation the pool levels, and also drift-pass. This 
bear-trap weir proved much assistance operating the dam. 
After the original bear-trap Davis Island had been service for 
about sixteen years, was replaced new bear-trap, the leaves being 


wood heavily bound with steel, and proportioned the basis 100 


upward lifting force downward. 

These new leaves are much stronger and more rigid than the old 
ones, and work very satisfactorily. The thought the design was 
build the leaves that they would just about float, and thus elimi- 
nate the need air. For lengths not exceeding ft., the plan very 
promising. 

Dam No. two bear-traps were installed, each being 120 ft. long. 
The principal members were steel filled with wood. The leaves 
were proportioned the basis 100 lifting force downward. 
order assist the raising the gates, arrangements were made for 
increasing the buoyancy air forced the under side the lower 
leaves. The air was intended pocketed between the ribs the 
girders. This proved little value, because the air could not 
retained where was needed. both bear-traps are and one 
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lowered temporarily, air not used raising again. takes 
head about ft. raise the gates, air used, and about 
ft. without it. These gates rise from min., under 
head, and can lowered from min. much this 
dam the type—about 25% the entire dam—that 
difficult secure the head needed raise the gates both are 
down. 

Each the lower leaves the bear-traps Dams Nos. and 
consists girders, spaced ft. apart, center center. There are 
also five longitudinal braces, called girts, which divide the leaf into 
sections. Certain girders are solid throughout, and divide the leaf 


into three water-tight compartments. All the girders are hinged, 


the down-stream end, steel castings anchored the foundation. The 
up-stream ends are provided with rollers which support the girders 
the upper leaves they slide over the upper end the lower leaves. 
Each the steel castings, which holds the rollers, terminates 
double hook which engages stops the upper end the up-stream 
leaf, when both leaves reach the limiting height. order hold the 
gates the upright position during repairs, locking-pin holes are 
provided. The skin-plating the lower leaf consists buckle plates 
and flat plates. Manholes are left the plates, those the upper side 
the leaf, being provided with covers, are intended for use only 
cleaning the leaf, making repairs, while those the lower side 
are intended permit the water the leaf displaced air. The 
lower leaf when filled with air calculated have such buoyancy 
will cause the entire bear-trap rise still water, hydraulic 
lifting foree being needed. The air enters the pockets the lower leaf 
through special ball and socket pipe joints. 

Leakage from beneath the gates, between them and the piers, 
prevented far possible water-seal arrangements placed 
pressed against the sides the piers. the lower end the 
gates, curved plates attached the leaves move close similar plates 
attached the hinge castings. (Plates and 

The question leakage prevention great importance, and 
should considered. The bear-trap gates the Herr Island 
Dam the Allegheny River could not raised automatically until 
the space between the upper and lower leaves was decreased thin 
boards. They can now raised under head without the use 
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The upper leaves the bear-traps Dams Nos. and consist 
series nineteen spaced ft. apart, center center. 
These girders are separated longitudinal braces. Each 
hinged the up-stream end steel casting anchored the founda- 
tion. The leaf sheathed with dressed white oak, carefully fitted 
between the This leaf does not have support any water 
pressure, and made described decrease its weight. 

The water for operating these gates taken from the sides 
Piers Nos. and farthest from the bear-traps. This because there 
much fall around the heads these piers, and important 
use all the upward pressure that can obtained. The conduits are 
built that the water enters each bear-trap from each end. This 
was done order decrease the tendency the leaves warp. These 
traps are proportioned the basis 100 upward lifting force 
downward. They have not yet had sufficient trial permit the ex- 
pression opinion their merits. The upper end the foundation 
arranged for supporting needle-dam, and this can used secure 
the head needed raise the gates, impossible raise them other- 
wise, and can serve means holding the pool while they are 
CHANOINE WEIRS. 

The Chanoine weirs, which are located between the bear-traps and 
the abutments all these dams except Dam No. are similar the 
The wickets are raised, however, winch running 
structural-steel service-bridge, standing the weir foundation above 
the wickets. 

was originally intended that the entire dam Davis Island 
should operated from service-bridge, but before its completion 
was decided place the journal boxes for the bridge the pass foun- 
dations, but not erect the bridge except above the three weirs. The 
pass was operated from small maneuvering boat. During sudden 
freshet 1887, the bridge Weir No. was destroyed drift, and, 
1889, the bridge Weir No. was destroyed the same way. 
later occasion, the bridge above Weir No. was struck coal barge 
during freshet, and partially wrecked. 

The original trestles were composed rather light members, and 
those built later have been made much stronger. seems ad- 
visable, however, avoid the use service-bridges the navigable 
passes the Ohio River for the following reasons: 
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(1).—The bridge and its foundations constitute extra expense. 

(2).—Likelihood destruction the bridge drift ice. 

(3).—The bridge retards the lowering the dam, because, after 
the wickets are lowered, still necessary lower the bridge. The 
lowering the pass can effected quickly maneuvering boat. 

The latest weir service-bridges for these dams have trestles ft. 
apart, center center, the trestles being arranged rotate about their 
bottom axles, which turn journal boxes anchored the foundation. 
The down-stream journal box open top, the axle being prevented 
from coming out iron key. When raised, the trestles are kept 
place steel floor-panels, each hinged one end the top 
trestle, and held the other end pins attached the adjoining 
trestle, the pins passing through holes castings attached the end 
the floor-apron. floors form track for the winch used 
operate the wickets, and serve also footbridge for the dam-tenders. 

effort was made make these bridges strong enough resist 
the destructive effect drift, and they were also made strong enough 
support the full upper-pool pressure, assumed borne needles 
resting the bottom against the oak sill which the upper journal 
boxes are embedded, and the top against horizontal beams resting 
against the tops the trestles. 

rolling, hand-operated winch has always been used maneuver 
the wickets Davis Island Dam. The winch provided with drum 
parallel the crest the dam. Another winch having drum parallel 
the direction the current, used raise and lower the bridge 
trestles successively. 

The operating winches for Dams Nos. and are operated 
compressed air, furnished from the power-house through pipe, 
embedded the foundation the dam and ending the abutment. 

The maneuvering boats used operate the wickets the passes 
are provided with derricks, hoisting engines, steam capstans, etc. The 
hull one the latest these boats ft. long, ft. wide, 
and ft. deep, and built wood throughout. stiff-legged derrick 
was placed near the bow the boat; this operated three-drum 
hoisting engine. 

The wickets are raised wire line leading from the hoisting 
engine around sheave held the end structural-steel beam, 
which projects from the bow the boat. The wire line fastened 


q 
7 
q 
j 
q . 


1210 THE IMPROVEMENT THE OHIO RIVER [Papers. 


iron hook the end long pole, which used guide the hook 
until engages the handle the wicket. After the prop seated 
the hurter, the wicket assisted seating itself against the sill 
pike poles the hands the dam-tenders. lowering the wickets, 
the upper ends are pulled slightly stream, until the prop unseats itself, 
when the wicket allowed fall upon the foundation behind the sill. 

The boat prevented from touching the wickets above their axes 
rotation spuds which bear against the wickets below the tops 
the horses. The current around the end the wickets already raised 
very swift. manila rope, diameter, fastened one end 
the river wall the lock, and, the other end, wound around the 
steam capstan the stern the boat. This rope prevents the boat 
from being swept around the ends the wickets, and also serves 
draw the boat back the river wall after all the wickets have been 
raised. 

The abutments these dams are not subjected the severe con- 
ditions which exist the usual fixed dams, because the lifts are smaller; 
and when freshet comes, the dams are lowered, thus restoring approxi- 
mately the normal discharge area stream. However, necessary 
design the abutments that they will free from danger 
failure, due especially eddies produced the flow water through 
the bear-traps and the current water flowing through the weirs. 
the abutments are not founded rock, they rest bearing piles, 
and are protected, not only row Wakefield sheet-piling, but also, 
below the dam, stone-filled cribs placed front the sheet-piling. 
The abutments are the U-type, with wall extending down stream, 
the function which prevent the washing away the bank below 
the abutment. deemed necessary carry this wall for distance 
from 100 200 ft. below the crest the dam, depending the 
character bank material, value property, proximity buildings, 
etc. 

The operation-of such system movable dams that described, 
demands very careful watch the discharge the streams upon 
head-waters. This provided for reports received daily, 
often necessary, from observers stationed various points. will 
probably necessary construct Government telephone telegraph 
line along the river, has been done along the canalized Great 
Kanawha. Any increase the low-water flow beyond that necessary 
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furnish water needed for evaporation and operation, adds the diffi- 
culties the operation such system. 

operating single dam, there are many things contended 
with. Davis Island, boats have been known hit pier, bear-trap 
gate, and lock-gates; there have also been many collisions with wickets. 
The fact that floating coal barge destroyed portion the service- 
bridge has been noted. However, enough spare wickets, horses and 
props are kept hand, those injured can replaced diver without 
much difficulty. Some the movable parts were broken the stern 


wheels steamboats before the dams were operation, and very 


necessary provide sufficient number spare parts. Notwith- 
standing all difficulties, Davis Island Dam has been operated success- 
fully for twenty-two years, and Dam No. for three years. 

The 150 pass wickets Dam No. have been raised hour, 
min., the river being natural stage 6.4 ft., and the dam has 
frequently heen raised hours. This dam can easily lowered 
hour. (Fig. Plate CXXXIV.) 
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Discussion.* 


especial interest the writer, who recently completed the deep 
foundation work for bridge over Red River near Shreveport, La., 
for the St. Louis Southwestern Railway Company. 

The weather conditions were not frigid those described 
Mr. Wiley, but such conditions would have been welcomed view 
yellow fever epidemic that occurred during the construction 
the bridge. 

Seven piers and one abutment were founded the open-caisson 
method. Four these, including the pivot pier, were carried down 
solid rock, while the others were built piles driven under water 
long follower. 

The method founding the pivot pier may interest. 

This pier was the channel the stream which had velocity 
about miles per hour ordinary stages the water and miles 
high-water stages. There variation about ft. between 
extreme high and low-water stages, and the tropical rains that region 

*This discussion (of the paper Wiley, Jun. Am. Soc. E., printed 


Proceedings for August, printed Proceedings order that the views expressed 
may brought before all members for further discussion. 
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Borings previously taken the site this pier showed that the Mr. Fickes. 


rock was about ft. below the ordinary stage the water and was 
overlaid stratum stiff blue clay ft. thick. Above this, 
the bed the stream, the borings showed ultimate layers clay, 
gravel and coarse sand for thickness ft. This made about 
ft. soil penetrated the caisson. 

The coffer-dam was octagonal shape, being ft. the short 
diameter. was built heavy timbers yellow pine varying 
size from in. the bottom courses in. the top 
the crib. These timbers were fastened together drift-bolts, 
ft. apart each course, and the crib was braced inside 12-in. 
sticks joining the centers alternate sides the octagon. These 
braces were from ft. apart vertically and also served sup- 
ports for cylindrical movable form described later. 

The cutting edge the caisson was formed plates, in. 
wide, joined corners with 4-in. angles and well riveted. The 
cutting edge was fastened the bottom courses the timbers with 
heavy iron straps and bolts. 

All joints between timbers were carefully caulked with oakum before 
being lowered beneath the water. 

Vertical sheeting 12-in. surfaced planking was spiked 
the outside the crib lessen the friction. 

The caisson was built platform supported piling driven 
circular around the site the pier, and lowered the bed the 
stream eight lowering screws in. diameter and ft. long. 

Inside this octagonal caisson, and with it, was supported 
cylindrical movable form ft. diameter, made 6-in. 
12-ft. lagging, smooth outside cylinder and well braced inside. 
This left space about ft. wide between the form and inside 
caisson, which was filled with concrete the caisson was lowered. The 
form was raised soon the concrete hardened and was not allowed 
become submerged the water. 

This wall concrete gave the requisite strength withstand the 
pressure when the crib was pumped out, and also the necessary weight 

This concrete shell was carried ft. from the cutting edge, 
that the top would correspond with the bed the stream, when 
the cutting edge had reached the rock. 

When the caisson had been lowered the bed the stream, the 
material inside was removed two 1-yd. orange-peel dredges operated 
derricks and hoisting engines mounted large floating barge 
anchored beside the crib. Other barges carrying the concrete mixer 
and material were anchored the opposite side the crib, and the 
operations building the concrete and timber wall and excavat- 
ing and sinking the crib went alternately. 
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was found that the weight the wall was sufficient carry the 
crib down the required depth and additional loading was 
necessary. 

Occasionally, when the excavation had been carried down ft. 
below the edge and the crib failed follow, small charge 
about half stick dynamite, dropped into the hole and exploded, 
caused the crib settle once. Several logs were encountered the 
cutting edge. These were broken dynamite placed divers and 
exploded electric battery. 

trouble was had any time from material running from the 
outside under the cutting edge. 

Only one mishap occurred during the construction this pier, 
and that happened when the cutting edge lacked only few feet 
reaching the rock. The top the concrete wall was then about ft. 
above the bed the stream, and above this was about ft. timber 
crib extending few feet above the water. sudden rise the river 
brought down several acres driftwood, carrying away four clusters 
protection piles which had been driven stream from the pier, and 
finally breaking off and carrying away that part the crib above the 
concrete wall. All barges and floating equipment were torn loose from 
their anchorages and only recovered with much difficulty several miles 
down stream. 

The problem now was replace the lost part the crib and attach 
that portion left intact under about ft. water. This was 
accomplished follows: 

new crib the same shape the old, but ft. less diameter, 
was built and floated into position over the submerged portion, and, 
means weights, sunk that its lower edge rested the concrete 
wall just inside the old timber part the crib. the lower edge 
this new crib was placed pad felt, in. thick, for the purpose 
partially caulking the joint. The new crib was securely fastened 
the old one straps and spikes driven divers, who also com- 
pleted the caulking the joint. 

When this was accomplished, the excavation material from the 
inside the crib was continued the dredges, and the cutting edge 
was soon lowered the rock. 

Divers were then down inside the caisson, and the surface 
the rock, which was found fairly level, was cleaned off 
thoroughly possible water jets. hydraulic sand pump was also 
used for removing the material stirred the jets. 

layer 1:2:4 concrete, ft. thick, was then deposited over the 
surface the rock bottom-dump buckets carefully lowered through 
the water. This concrete was placed without any interruption that 
there would joint. Forty-eight hours was given for this concrete 
harden, after which two 8-in. pulsometer pumps were lowered into 
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the hole, and unwatered the caisson few hours. The bottom was Mr. Fickes. 
sealed effectually the layer concrete already described, 


and the shell concrete was practically waterproof. Some little 
leakage occurred the joint between the old and new parts the crib, 
but this was soon overcome caulking. 

After this, the concreting proceeded rapidly the dry, and the 
well was soon filled the point where the neat work was begin. 
The forms were then erected and the pier carried completion with- 
out mishap. 

The average daily distance sinking the caisson was about ft., 
and the greatest distance sunk ten consecutive hours was ft. This 
exclusive time lost reason high water and replacing the 
crib described. 

The completed pier ft. diameter above the water and 
contains approximately cu. yd. concrete. the support for 
300-ft. single-track railway swing span. 

The cost the completed foundation was much less than the 
average cost pneumatic work and has several advantages not 
possessed the latter, among which the fact that the continuity 
the concrete not broken deck timber the case with 
pneumatic foundations. 

trouble was experienced keeping the caisson position 
during the sinking. careful work with the dredges, the crib was 
kept practically level all times. When finally landed, was less 
than in. off center either direction. 

The other caissons sunk this method were rectangular, 
ft., and had concrete walls inside the timber cribs, ft. thick, with 
cross-wall concrete dividing the inside into two wells ft. square, 
through which the earth was excavated from the single well the 
octagonal caisson. 

trouble was experienced with any these caissons, 
sudden rise occurred the river during their construction and 
sinking. 

the case one pier erected shore, the caisson was carried 
ft. through the soil. Weight addition that the concrete 
wall was necessary this case and was secured loading the crib with 
large boxes filled with earth removed the dredges from the inside 
the crib. 

The completed bridge consists four through spans 200 ft. 
each, one 150 ft., and swing span 300 ft. There are about 100 ft. 
creosoted pile and steel trestle each end the bridge. 

Schaub, Am. Soc. E., was Consulting Engineer for 
the work, and prepared the plans. Lynch, Am. Soc. E., 
Chief Engineer the St. Louis Southwestern Railway. The contract 
for foundations and steel erection was held the Missouri Valley 
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Bridge and Iron Company, the steel being fabricated the 
Company. The writer had direct charge the work Resident 
Engineer from start completion. 


(by description this foundation work possesses 
more than usual interest from the fact that successful execution 
near the extreme depth below water, which open coffer-dam 
work practicable. From general observation such work, case 
comes mind where such depths have been reached open coffer- 
dam, either open water through strata beneath such depth 
water. The common limit for such work ft. less; beyond that 
depth pneumatic caisson methods are usually adopted. The question 
might asked why the open method was selected preference the 
pneumatic, why pile foundation was not used. 

The description has also proved very interesting from the fact that 
recently the writers were called design method sinking 
placing piers quite similar depths, the Ohio River. Two methods 
were outlined, which, although not used, may nevertheless prove 
interesting. 

the study these designs the writers found two recent instances 
—one, the Pyrmont Bridge, Sydney, Australia, the other Bristol, 


the founding similar piers deep water, which have 


been fully described.* 

comparison the case described the paper with the Ohio River 
designs, the Sydney Bridge and the Bristol Bridge, typical 
piers, would given Table 


TABLE 


Depth 
base 
below 
highest 
water, 

feet. 


Depth 
base 
below 
bed 
stream, 
feet. 


Base 
rests 
on: 


Material 


pier. 


Method. 
feet. 


Steel shell 
sunk and 
out. 
teel 
piling, and 
out. 

rought-iron 
shell 
umped out. 
sheath- 
pile coffer- 
dam. 


Concrete 
steel shell. 


Concrete and 
: stone. 


Fort William diam. +40 


Concrete and 
stone. 


Proposed Methods Placing the Piers for the Ohio River Bridge. 
proposed bridge was designed have three piers average 


Minutes Proceedings, Inst. Vol. CLXX, Dec., 1907. 
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Size 
Name. 
Rock 
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size ft., founded rock about ft. below the river 
bottom, with depth water ranging from about ft. extreme low 
water about ft. record flood level. 

account the magnitude the work, the time required for 
construction would necessarily extend through the seasons productive 
the maximum variation depth water. 

The flood records the Pittsburg office the Weather Bureau 
were examined and plotted, and was found that while the record 
flood 1907 rose ft. above low-water level, the rise and subsidence 
water was rapid and the majority the peaks were not more than 
ft. above low-water level. 

coffer-dam high enough keep out the record flood 1907 
would impracticable. was found that coffer-dam high enough 
keep out 11-ft. rise water would permit work the founda- 
tions about 330 days per year, and give practically interruptions 
from high water between April 15th and December Ist. 


OHIO RIVER BRIDGE 
DESIGN FOR CRIB COFFER-DAM 


Build lower 10’of Crib ashore, float to 
position, gradually sink to rock, if 
possible, building up crib meanwhile 
as much as is nescessary 

After completion of Pier remove all 
Timber crib Co‘fer-dam of Crib appearing above bed of River 


Pool Full 


ading 


ic} 
2 4\\| before pl S 
OA SS 
and Cross Brace when ai\\\Sheet piling used only if 
Pumping out. does not sink rock 


The two principal requirements construction were that the rock 


should uncovered for inspection and then leveled stepped; and 
that the conerete foundation should solid monolithic mass under 
the entire pier. 

The first requirement made impossible deposit concrete under 
water, was done the Fort William Bridge; the second required 
the protective works entirely outside the lines the pier. 

The first plan consisted the use timber crib, the bottom 
section which would built ashore, launched, and towed the site, 
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which, the meantime, was partially dredged. The crib, after 

Marshall, being securely moored, was sunk loading with material dredged 
from the river bottom. was designed with V-shaped bottom, and 
the sinking was continued dredging the interior, building 
the sides, and continuing the loading until rested rock. con- 
struction, the crib was made squared timbers, laid cob-house 
and thoroughly braced and fastened with dock spikes. The outside and 
inside were covered with tongued and grooved sheathing well 
driven up, which would give better protection than two lines sheet- 
piling, without any the irregularities from obstacles frequently 
encountered driving. The interior was then pumped out, and 
cross-bracing between sides added. the water was lowered. Should 
unevenness the rock surface cause blow serious leak, was 
proposed stop driving outside sheet-piling the point where 
needed. 


OHIO RIVER BRIDGE 
ALTERNATE DESIGN FOR COFFER-DAM 


Top of Sheet Piling 
E1.672.5 

Pool Full 


48 


Dredge to this line 


Concrete before driving Piles 


Steel Sheet Piling 


Dredge whole Interior and4 
Cross Brace when Pumping 
out. 

“ge Drive Sheet piling 

> to bed Rock 


After cleaning and leveling the bottom, concreting was commence, 
cross-bracing was removed fast the concrete was 
placed. 

alternative the method outlined above, coffer-dam made 
interlocking steel sheet-piling was considered, possible 
drive such piling rock all points and thus have tighter job 
around the bottom, than the case with crib which must necessarily 
stop the highest point rock. 

The material the site consisted generally compact sand and 
gravel, and, partial dredging, the cost driving could materially 
reduced. 

ft., driving and bracing the necessary guide piles which would also 
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support the working platform manner similar that used the 
Fort William Bridge piers; then driving rock single line inter- 
locking sheet-piling weighing per sq. ft. The coffer-dam 
would then pumped out, the sheathing being securely braced the 
water was lowered. The remaining material inside the coffer-dam 
would dredged rock and concreting commenced, the interior 
bracing being removed advance the concrete. 

When the pier was completed the top the coffer-dam, the sheet- 
piling would pulled and used again the next pier. 

After careful consideration both methods, was decided 
recommend the use the steel sheet-piling, the estimates prepared 
showing possess larger element economy than the crib 
construction. 

The manufacture steel sheet-piling comparatively recent 


development and possesses advantages foundation construction 
which, heretofore, were not available. 


THE PYRMONT BRIDGE 
SYDNEY, N.S.W 


Pyrmont End Sydney End 


Method Placing Typical Pier for the Sydney 
caisson, which formed part the pier well coffer-dam, was 
double wrought-iron shell with external diameter ft., 
internal diameter ft. and total height about ft., the 
shells being and brought together the bottom form 
cutting edge the line outer diameter. This caisson was sunk 
the river bed, then loaded with concrete and, while the interior was 
being dredged out, the caisson was sunk bed-rock. 

The water was then pumped out, but blow-out occurred which 
necessitated the excavation for the leveling off the irregular rock 
surface the aid divers, with the caisson full water. Some 
the conerete the base, around the outer margin the circle, was 
placed divers. After this trouble was experienced pumping 
out the and the remainder the work leveling and placing 
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concrete was done the open air. From point just below low water, 
the concrete pier was carried with facing cut stone. The time 
occupied sinking the caisson was nine months. 

The thickness the wrought-iron shell used the caisson varied 
from in., and the concentric rings were connected with angle- 
bar bracing. 

This bridge was opened for traffic June, 1902. 

Method Placing Typical Pier for the Bristol 
method adopted was drive timber coffer-dam single line 
material, between guides, and caulk this with oakum, making 
dam hold back ft. water high water and about ft. 
low water. 

PYRMONT BRIDGE, SYDNEY, AUSTRALIA 


Bottom ‘of Caisson 


Excavation was made the open without trouble point about 
ft. below low water, when several blow-outs occurred times 
high tide, after which excavation was carried only low tide. 
Concrete foundations were placed air, low-tide periods, low- 
water elevation, and, above that elevation, the concrete core was faced 
with cut stone and laid the open air all stages the tide. 
double line timber sheathing for the coffer-dam was not practica- 
ble account the waterway required for 
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RIVER AVON BRIDGE, BRISTOL, ENGLAND 
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Low Water 
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PAPERS AND DISCUSSIONS 


This Society not responsible, body, for the facts and opinions advanced 
any its publications. 


CATENARY TROLLEY CONSTRUCTION. 


Discussion.* 


Mayer, Am. Soc. (by paper ably 
presents the results the latest, practical, American experience with 
trolley construction. The main features the line described 


0000 phono-electric contact wire one and two-thirds times 


the elastic limit the best hard-drawn copper wire, with 
tension, 100° fahr., 120-ft. spans the carrying ropes tangents, 
and shorter spans curves, and solid round hangers ft. apart. 

the bending strains and tensions the contact wire, 


writer has reached, and published, the conclusion that really 


safe catenary suspension for high speeds impracticable with copper 
contact wire without introducing adjustments the length the 
wire balance the effects changes temperature. The large 
bending strains and tensions the contact wire cause the practical 
failure, with high speeds, the older catenary suspensions. the 
United States, the remedies are the use stronger wire, and, 
some cases, supplementary wire, and short spans the carrying 
ropes; Europe, supplementary wire and complicated adjustments 
for changes temperature are used. The supplementary wire the 
German Siemens-Schuckert suspension carries the contact wire 
loose loops, and secures, without excessive tension the contact wire, 
the regular line, approximately straight motion the current 
collector. The jumping the latter thereby avoided. 

This discussion (of the paper Oliver Lyford, Am. Soe. E., printed Pro- 


ceedings for August, 1908) printed Proceedings order views expressed may 
brought before all members for further discussion. 


‘ee 


~ 
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For obtaining continuous contact high speed, the usual single- Mr. Mayer. 
wire catenary suspensions require light current collector and 
large minimum tension the contact wire. With drop 140° 
the temperature the wire, this tension, with copper wire, 
about 21000 per sq. in. The deflections the wire 
produced the wind pressure, the pressure the current collector, 
ice loads, and changes temperature, result another increase 
the tension, and, the steady strains especially, considerable bend- 
ing strains. The maximum strain the wire, therefore, exceeds the 
elastic limit the best copper: wire. Since the bending strain the 
wire inversely proportional its least radius curvature, can 
reduced making the wire bend curves long radius; since 
the tension, with given span, inversely proportional the sag, 
can reduced increasing the sag. This has suggested the writer 
new method for obtaining safely suspended wire, namely, by. sus- 
pending it, with large sag, from such hangers will make bend 
curves long least radius. The large sag gives simple automatic 
adjustment for changes temperature, because the wire can shrink 
account cold, with reduction the sag, and without excessive 
its tension. such suspension the contact wire 
from tapering steel bar, ft. in. long,* and omitting the carrying 
ropes and the intermediate suspenders, the tensions and bending 
strains the wire, with 120-ft. spans, can reduced less than one- 
half the amounts resulting from catenary suspension with the same 
span between the main supports. The current collector, instead 
oscillating rapidly, will then move and down slowly long shallow 
waves. The reduction the contact pressure, due centrifugal 
high speed, then trifling and its increase moderate, and 
the latter under the hangers where the wire reinforced 
them. small static contact pressure, with reduced wear the wire 
and the current collector, becomes thereby practicable. This sus- 
pension equally suitable for trolley wheels and sliding bows, while 
suspensions are not well adapted the former. With 
copper wires, 220-ft. spans give safe suspension, requiring current 
collectors ft. long; with phono-electric wires the kind described 
the author, 300-ft. spans with average sag ft., can used safely 
tangents. The loads and wind pressures per linear foot carried 
the brackets are about one-third those with single catenary sus- 
Poles and brackets 120-ft. catenary spans are adequate 
for the spans the new suspension. call for the same 
hangers and shorter spans, but, account the reduced tension and 
wind pressure and the consequently diminished side pull, much longer 
spans than those used the author become practicable. 


*One form such bar shown Transactions, Am. Soc. E., Vol. LXI, 31. 
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Mr. Mayer. 


Mr. Lyford states that for high-speed operation the maximum 
flexibility should maintained all points, and that heavy weights 
and hard spots should kept out the system wherever possible. 
What here called for impossible and unnecessary. accurate 
definition what really needed much importance for obtaining 
good track for high-speed current collector. 

The line should built that the current collector will move 
curves long least radius. With sliding-bar collectors, the vertical 
curvature the motion the collector alone important; with 
trolley wheels its horizontal curvature must equally considered. 
The collector exerts normal pressure the contact wire; this should 
uniform possible. The centrifugal force arising from the 
curved motion the collector and the rigidly connected parts 
its supporting frame produces equal variation the contact 
pressure. Where the motion the collector convex upward, the 
contact pressure increased; where convex downward, 
decreased. the former case excessive bending strains the wire 
and large local wear may result; the latter, there may 
interruption contact and consequent sparking. The excessive curva- 
ture the motion the collector may arise from too much flexibility 
the contact wire; will often arise from sudden change 
flexibility. weight moving curve produces centrifugal force, 

and the radius curvature the motion, feet. The current 
collector and parts its rigidly-connected supporting frame not 
move the same manner, the radius, being variable. The weight, 
which produces, when moving like the contact point, the same 
centrifugal force the collector and its frame, called the equiva- 
lent weight. This equivalent weight and the radius, the curva- 
ture the motion the contact point determine the variation the 
contact pressure due centrifugal force. The radius, depends 
largely the design the overhead line, but also influenced 
the static contact pressure and the size the product, Wv?. 
overhead line only safe and adequately smooth certain maxi- 
mum value this product, therefore, this must known order 
judge the adequacy the line. The value must 
from the nature the overhead line and the given value 
the static contact pressure and the product, Wv?. neglect 
the calculation incur risk failure, unless the safety the 
design and the smooth running the collector can inferred from 
previous experience, similar less favorable all essential points. 
Catenary suspensions make satisfactory provision for harmlessly 
changing the direction the overhead line and the motion the 
current collector. Such change unavoidable the main supports 


where the weight, the velocity, feet per second, 
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and, larger extent, low overhead crossings and tunnels where 
the line must lowered and raised. Sparking excessive contact 
pressure and large bending strains the wire generally result from 
high speed these points. They are weak spots, and are rarely men- 
tioned descriptions. the regular line the sharpest curvature 
the wire and the motion the collector, the author’s design, 
occurs near the hangers and steady strains. this design, the wire 
has 10-ft. spans, with the ends nearly fixed direction. the wire 
were practically hinged the hangers and the steady strains, these 
bending strains and curvatures, and the consequent risk jumping 
the collector high speed, would greatly reduced. Hangers made 
flat bars, in. thick, with proper end connections, which are used 
some lines, provide practically hinged clamps for the wire; they are 
preferable, therefore, for high speeds. With light current collector 
and moderate speeds, this defect the hangers used Mr. Lyford 
can partly neutralized using larger minimum tension the 
contact wire than would otherwise required. This will give smooth 
running the collector, but will result larger tensions and bending 
strains the wire and larger side pull curves. The current col- 
lector raises advancing wave the contact wire. The wire 
front the collector turns and rises; the rear, turns back and 
falls. the clamps holding the wire were light and each was con- 


its hanger horizontal bolt, normal the wire, passing 


through slotted hole, permitting the clamps turn and rise when 
the collector passes, the hangers would not prevent practically 
straight motion the collector, and chattering would avoided with 
the highest speeds and with moderate tension the contact wire. 

This impracticable changes vertical slope. The wire 
carries part the wind pressure and some vertical shear the 
steady strains and subjected consequent bending strains. These 
become large with long spans and compel the use short 
the steady strains are replaced flexible, tapering bars holding the 
wire under them, these bending strains and sharp vertical and hori- 
zontal curvatures the contact wire are reduced small amounts, 
and long spans become safe. 0000 phono-electric wire suspended 
from steel-wire rope with diameter in., the former with 2-ft., 
the latter with ft. in., maximum vertical sag, gives, with 300-ft. 
spans, with proper hangers and with flexible bars for steady strains, 
safe catenary suspension for the highest speeds, suitable for sliding 

ows. 

The flexible bars also furnish satisfactory means overcoming 
all difficulties arising from irregularities the line tunnels and 
overhead crossings. Such long spans are heavy and exposed large 
wind pressure; they would have substantial steel 
reinforced concrete posts with concrete foundations. 
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wire hung, without carrying ropes, straight rigid clamps, 
bent sharp their ends. reduce these bends and the conse- 
quent blows high speed from the current collector, short spans and 
small sags the wire become necessary. If, instead rigid clamp, 
long bar used, the wire being attached all along the bar, 
and the bar being such shape that will bend vertically and 
horizontally approximately circles, then the radius least curva- 
ture the motion the collector becomes very long, and long spans 
with large sags can used. Any desired change the direction 
the wire can made using such bars without large bending strains 
the wire excessive contact pressure. All irregularities the 
line, which, most suspensions, are the most serious sources 
trouble, can provided for satisfactorily. can easily shown that 


_the cost construction and maintenance safely suspending the 


contact wire such flexible hangers only about half much 
with safe catenary suspensions. 

For certain maximum value the product, Wv?, not stated the 
author, the design described him gives, with adequate poles and 
brackets, safe and suitable suspension for curves and tangents. 
information given for other irregularities the line. Wherever the 
value the product, Wv?, small enough give smooth running 
the current collector, Mr. Lyford’s design decidedly preferable the 
Siemens-Schuckert suspension, which more complicated and 
expensive construct and maintain. The safe value the product, 
Wv?, and, therefore, the limits the design have evi- 
dently not been determined the author. 

the writer’s opinion, the introduction carrying ropes and 
numerous hangers suspend the wire short intervals approxi- 
mately straight line mistake. complicates the design, calls for 
short main spans and very strong large wire, and produces 
rapidly oscillating and sharply curved motion the current collector 
with consequent large variations the contact pressure. The sus- 
pension, therefore, unnecessarily expensive construct and main- 
tain. These complications were remove the sharp bend- 
ing the wire the ends the hangers. This can more easily 
and efficiently accomplished spreading the bending uniformly over 
sufficient length the wire. The amount curvature the ends 
the hangers with given span and sag extremely variable. 
depends the wind pressure, the pressure the current collector, the 
ice load, and the temperature. The long transition curve the 
hangers, therefore, must also variable, and can only simply 
produced connecting the wire long elastic bar. make the 
bar curve uniformly, must have cross-sections decreasing suit- 
able manner from the center toward the ends. Calculation shows that 
nickel-steel bar consisting two truncated cones and short central 
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both sufficiently strong and flexible meet all require- Mr. Mayer. 


ments high-speed operation curves and tangents with ample 
factor safety, and give, the time maximum tension, small 
bending strains the wire. With the long spans thereby made 
possible, the current collector does not lift the wire above its supports; 
therefore diminishes its main curvature, except under the hangers. 
With the frequent hangers the catenary suspensions, the wire 
lifted above the supports, and the collector moves short waves. 
judge the radii curvature the long and the short waves, 
well consider the heights waves different lengths having the 
same radius curvature. These heights are the squares the 
lengths. Regular waves, 300 ft. long and in. high, have the same 
curvature waves ft. long and 0.0533 in. high. The motion the 
collector with the suspensions here considered both cases very 
irregular wave motion; the above equivalent heights give, therefore, 
only roughly approximate idea equivalent deflections the wire 
for the two kinds suspension. impracticable tension the con- 
tact wire would needed limit the height the small waves 
the amount above given. The comparison clearly shows that large 
sag the wire with long spans not necessarily obstacle the 
smooth running the collector high speed, and small variation 
the contact pressure. also shows that the vertical alignment 
the numerous supports the contact wire must very accurate 
avoid large its curvature and the variation contact. 
pressure high speed. With the long spans error in. 
the position hanger produces but small additional strains either 
the wire the hanger. The erection the long spans, therefore, 
requires little accuracy; 300-ft. spans, with phono-electric wires, re- 
quire maximum deflection ft. and nearly corresponding varia- 
tion the height the current collector. this objectionable, 
200-ft. spans with 2-ft. sag can used. With these shorter spans, 
sliding bow ft. long adequate. Heavy weights the line are not 
harmful provision made that they will not cause sharp curvature 
the motion the current collector. modification the flexible 
bar here proposed can always adapted aehieve this end. line 
safe for high speed through its whole length becomes thereby 
practicable. 

The advantages long spans between main supports are especially 
conspicuous where wooden poles stuck into the ground are not con- 
sidered sufficiently substantial and durable carrying structure. When 
concrete foundations and creosoted poles are used, the first cost the 
supports greatly increased, and the saving half them becomes 
immediately important; and still more where steel reinforced 
concrete poles are used. such still longer spans are desirable; 
352-ft. spans give amply safe structure with galvanized-steel 
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Mr. Mayer. contact wire. The risk damage derailments greatly reduced 


the use fewer supports. flexible bar suspension requires only 
one kind hangers, brackets, and poles, and the number spare parts 
needed for quick repairs, therefore, small. The small number 


supports allows the choice substantial and durable ones without 
excessive cost the line. 
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MEMOIRS DECEASED MEMBERS. 


will reproduced the volumes Transactions. Any information 
which will amplify the records here printed, correct any errors, should forwarded 
the Secretary prior the final publication. 


JAMES ISAAC HAYCROFT, Assoc. Am. Soe. E.* 


Diep 11TH, 1908. 


James Isaac Haycroft was born Cork, Ireland, May 25th, 
1853. 1869 commenced the study engineering Queen’s 
College, Cork. After distinguished career student, obtained 
the degree Bachelor Engineering 1872; and, 1882, the 
degree Master Engineering was conferred upon him. 

the completion his academic training, Mr. Haycroft entered 
the office Stoney, Inst. E., Dublin, Ireland, under 
whom had unusual opportunities for acquiring experience the 
design and construction harbour and dock works connection with 
the Port Dublin; afterward occupied positions Assistant 
the County Surveyor Antrim and Clonmel, and was Local Sur- 
veyor Carrick-on-Suir. For some time Mr. Haycroft was asso- 
ciated with the firm Messrs. Wells, Owen and Elwes, Civil Engi- 
neers, London. 1886, left England for Australia. spent 
about year Sydney, qualifying licensed Surveyor Crown 
Lands and Real Property, and, 1887, obtained the two certificates. 

For about eleven years Mr. Haycroft occupied the position 
Borough Engineer Woollahra, Sydney, and, the same time, 
carried the practice Consulting Engineer. resigned the 
position Borough Engineer accept one Engineer the Tram- 
way Construction Branch the Public Works Department, and re- 
mained that Department until within few days his death. 

Mr. Hayeroft was Member the Institution Civil Engineers 
Ireland, Associate Member the Canadian Society Civil 
Engineers, and Member the Society Municipal and County 
Engineers, England. was also Member the Royal Society 
New South Wales and several local societies, which con- 
tributed papers technical and professional subjects, including bridge 
construction, roads, drainage, ete. 

Mr. had wide range and technical knowl- 
edge, was close reader, and was devoted his profession. His death 
came great surprise and grief his numerous friends. 
Julie Bowen, Nottingham, England, who survives 

1m. 

Mr. was elected Associate Member the American 
Society Civil Engineers January 3d, 1894. 
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THE FLOODS THE MISSISSIPPI DELTA: 
THEIR CAUSES, 
AND SUGGESTIONS THEIR CONTROL.* 


One the great engineering problems the age, not the 
greatest, obtain such control the waters the Mississippi 
River prevent those periodical overflows which, the past, have 
devastated and made desolate the entire area its delta. This delta 
probably the most extensive the world, and has been formed, 
during past ages, the discharge the waters the greatest river 
the world, certainly the longest, miles, and with volume 
discharge not exceeded any, unless the Amazon, South 
America. 

From geological standpoint, the most plausible theory regard 
the formation this delta that one time the Gulf Mexico 
extended far north the confluence the Mississippi and Ohio 
Rivers; that, past ages, the discharge the silt brought down 
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the annual floods, the land has been gradually formed and extended 
out into this inland sea, until, about the beginning the nineteenth 
century, had assumed the form and area existing to-day. 

When considered that the level the low-water stage 
Cairo about higher than the mean tide level the Gulf, the 
centuries time required develop this delta and the depth its 


almost illimitable fertility may realized. 


Following natural law, the land the banks this river 
higher than that farther inland. The same conditions obtain Deer 
Creek and Sunflower River, the Yazoo Basin, the Bayou 
Plaquemine and other large bayous draining the lower portion 
this delta. cross-section the Yazoo Delta, near the latitude 
Greenville, Miss., made the Engineer the Yazoo Levee System 
previous 1861, developed the fact that the level the bank the 
main river was about ft. higher than comparative levels 
miles inland near Deer Creek and Sunflower River; such was the 
writer’s information the time. 

natural sequence these conditions, the “high-lying lands” 
the main stream and such subsidiary streams those noted above, 
were first brought under cultivation, and, being unexcelled fertility, 
produced the heaviest yield cotton, corn, and other crops suitablé 
the 

The area these “high-lying,” and, necessity, more valuable 
lands, small percentage the area this delta. much larger 
area consists “low-lying lands,” designated the Geological 
Survey “Sharkey clay,” which are more less subject annual 
overflows, and are covered with heavy growth timber, such 
white oak, red oak, water oak, cypress, and gum, all more less 
valuable for commercial purposes. 

The cost clearing off this heavy growth timber and preparing 
the ground, ditchiny, for cultivation, together with the almost 
certainty periodical overflows, has heretofore and will hereafter 
prevent these otherwise valuable lands from being brought under 
cultivation and rendered productive until the levees the main river 


have been perfected render these overflows improbable, not 


These low-lying “overflow lands” are represented, officers the 
Geological Survey and intelligent plantérs, great fertility 
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and productive corn and cotton the “high-lying” lands the 
streams, where the ground has been properly prepared. With land 
this character, protected from overflow, believed that the value 
its timber for commercial purposes will. far toward meeting the 
cost preparing the ground for crops, does not equal 
surpass it. 

These facts being substantially true, proposed investigate 
and ascertain approximately the value, the nation, these “over- 
flow lands” the supposition that they could freed from that 
incubus much dreaded the Mississippi River 
planter. 

The most reliable information the extent this entire delta 
obtained from the Agricultural Department, through Mr. 
Bonsteel, the Bureau Soils, who from the most reliable records 
accessible estimates this area 30526 sq. miles. From the surveys 
that Bureau the Yazoo Delta, ascertained that 65% the 
total area “overflow” land, leaving 35% for land under cultivation. 
Adopting this basis for the entire delta, indicates the total area be, 
round numbers, 30000 sq. miles, and the area “overflow” lands 
20000 sq. miles land the highest fertility, yet 
value, and never will be, for crops, for causes before described. 

From the writer’s knowledge the conditions this delta, 
believed that the land under cultivation nearer 25% the total 
area than per cent. The 35%, however, has been adopted the 
following estimate furnished Mr. Bonsteel: 

“Area Mississippi Delta, Square Miles, States: 


“State. area. overfiow land. 
526 745.” 


making estimate the yield this now non-productive land, 
the area Kentucky, Missouri, and 100 sq. miles Tennessee 
assigned corn; 160 sq. miles Tennessee and all Arkansas and 
Mississippi are assigned cotton, and all Louisana assigned 
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sugar and rice. the necessary statistics for the yield Louisiana 
lands have not been attainable, yield $35 per acre 
estimated, the same the yield cotton lands. 

compensate for lands not available for crops the “over- 
flow” area, such that occupied rivers, bayous, and creeks, 10% 
has been deducted. The results, round numbers, are follows: 


Corn land............ 2000 sq. miles 1280000 acres. 
Sugar and rice lands... 


placing value crops from these lands, the yield corn 
has been taken bushels per acre, and the value cents 
per bushel. The yield cotton has been taken bale per acre and 
the value $40 per bale. The yield sugar lands has been taken 
$35 per acre, the same cotton lands. 

Turning these statistics into dollars and cents, have estimate 
—conservative, thought—of the value crops that can 
realized from land that never has had and never will have much 
value for agriculture until freed from that overhanging 
incubus—the periodical overflows from that mighty river. The little 
that has been realized the past, from this overflow land 
range for stock, has been much more than counterbalanced the 
destruction stock such overflows. 


1280000 acres corn land bushels per acre 


4672000 acres cotton land bale per acre 
000 bales $40 per bale............. 163 520 000 
440 000 acres sugar land $35 per 190400000 
Total value $376 320 000 


Bear mind that this estimate based the yield fresh land, 
which should much greater than that from the old plantations 
this delta which have been under continuous cultivation for 
years, more. Bear mind, also, that based what the ground 
will bring forth with average cultivation, not the profit the 
planter. Bear mind, also, that this estimate exclusive the 35% 
000 sq. miles) this delta which supposed under cultivation 
and already producing crops. years widespread overflows this 
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delta, the crops this area 9000 sq. miles will total loss 
the nation, increasing the above estimate $376 320 000 the loss 
the crops that acres cultivated land. 

The annual loss the United States appears 000 
small area its territory, for want protection against the 
this river. 

indication that the writer’s views the value the nation 
this small fraction its area are within conservative lines, 
extract given from the conclusion address before the Com- 
mercial Club Cincinnati, December, 1903, Harrod, 
Past-President, Am. E., one the oldest and ablest members 
the Mississippi River Commission, bearing directly this subject: 


“Now, this the proposition: There area 20000000 acres 
the most fertile land the world. least three-quarters are 
susceptible the highest cultivation. Its potential products are 
diversified; including wheat, corn, cotton, sugar and rice. The timber 
wealth the valley immense, and every way favorable from 
climate, soil and means transportation for development the 
farmer, the manufacturer, and for railroads. Without levees 
jungle; uninhabitable swamp. With levees each and every acre 
can protected cost not exceeding three dollars, and this protec- 
tion can maintained annual cost ten cents per acre. Nearly 
two-thirds the work now done.” 


The prospective addition 4000000 bales cotton and pro- 
portionate yield sugar—both among the necessities life—to the 
resources the country, renders the subject one National im- 
portance. seems matter paramount importance, and 
demands investigation the causes this condition things, 
and ascertain means cannot suggested that will, least, 
mitigate the effects these periodical disasters. 

The magnitude this problem should suggest diffidence ap- 
proaching its solution. the past, has engaged some the best 
and most experienced engineers the country; whereas they have 
worked along proper and conservative lines, the means their com- 
mand have been entirely inadequate for carrying out their plans. 
the beginning 1861, the levee systems below Memphis were good 
condition, far constructed. The ravages war, however, and the 
unrestrained power the river, exerted some very high 
swept off almost the last vestige the levees existing that time. 
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Since the close the conflict (1865) the States bordering this 
river have made remarkable progress the rebuilding the levee 
system, until the present time, there substantially continuous 
system levees each bank from Cape Girardeau point below 
New Orleans. Heretofore, each State has controlled its own levee 
system, but with means entirely inadequate the magnitude the 
work. believed there should one controlling head for the 
entire levee system the delta, and there should ample means 
carry out its plans. believed, moreover, that few years 
Congress will recognize the national importance this work con- 
nection with the plans for the deep-water navigation this great 
inland sea, and provide ample means for carrying out the plans 
determined this central control. 

The writer has had especial opportunities for the study the 
conditions both ends, conceives it, this great problem, and 
desires record, tentative way, the views and opinions that have 
impressed themselves upon him. From 1856 1861, civil engi- 
neer, had charge the construction the Memphis and Ohio, one 
the principal railroads leading from Memphis, 
quently, 1867 1873, after the ravages incident the war, had 
charge the reconstruction the same road. During that period 
witnessed great many the floods which devastated the delta. 
1866 was cotton planter the Yazoo Basin, and was 
sufferer from the flood that year. During all this time, with the 
predilections civil engineer, naturally studied all questions 
bearing the causes these floods. sought information from all 
sources; from old and experienced river men—the captains 
and pilots steamboats—from cotton planters, and from civil 
engineers. 

During these periods overflow, this delta became inland 
miles wide opposite Memphis and from miles wide opposite 
the Yazoo Basin, with occasional island where spots dry land 
the plantations were evidence. the river channel, its waters 
were extremely muddy—angry-looking, awe-inspiring and repulsive. 
This the extent the writer’s opportunities for forming 
correct opinions the lower end this problem. 

happened that 1876 drifted him the North- 
west, where years his life were spent Montana and Wyoming. 
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Seven eight months each year for the first eight years were 
spent the mountains the heads the various tributaries the 
Missouri and Columbia Rivers, whence come the melted snows that 
make principally the “June rise” that occasionally has such 
potent influence the devastation the Great Delta. 

Twenty years were afterward spent cattle ranch the 
Upper Grey Bull River, elevation nearly 7000 ft. above tide. 
Within ten miles the south Peak, the elevation which 
given the Geological Survey 13300 ft. above sea. each 
side the valley are mountain ranges with elevations 10000 and 
ft. 

During those twenty years’ residence this locality, daily record 
was kept temperature and precipitation, especially snowfall. The 
necessity for irrigation called attention all conditions influencing 
the water supply. The minimum temperature during the winter 
months varied from 24° below zero. The annual snowfall 
varied from 110 in., the latter being unusual and extreme. The 
average snowfall per year was from in., the average annual 
precipitation being about in. 

The conditions obtaining this locality, regards temperature, 
snowfall, and snow melting, may safely taken those all 
the tributaries the Missouri River the same altitude. 
altitude about the upper limit even forage crops. Basing opinions 
and views the observations and knowledge gained long resi- 
dence the Lower Mississippi, and longer residence the 
upper end this great problem, among the mountains the head- 
waters the various tributaries the Missouri, the following con- 
densed statement gives the results this study, premising that 
applies more especially conditions the delta preceding the 
year 1861. During the “War between the States,” the levees built 
previous that date were destroyed greater less extent, 
military acts destructive floods. 

Each year there were two periods flood-waters the Mississippi 
River below the mouth the Ohio. The first flood, styled the “spring 
came almost entirely from the Ohio River, reinforced some 
extent the melted snows and rains from the Lower Missouri and 
the Upper Mississippi proper. The advent this flood its mouth 
varied time, volume, and intensity with the climatie conditions 
each spring. 
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The second flood, styled the “June came mostly from the 
Missouri River, caused, governing factor, the melting the 
accumulated snows winter the sources its larger tributaries 
having their origin the great Continental Divide. 

The advent this flood Cairo, and its volume and intensity, 
were dependent mostly conditions its head; the amount snow- 
fall during the previous winter its western water-shed, more 
especially the vast pine forests; the time, whether early late, 
the first warm spells spring, their duration and intensity (it re- 
quired week often ten days warmth sufficient melt snow 
night, elevation ft., produce the highest floods the 
local streams); and, some extent, the local rains the lower 
water-shed the Missouri and Upper Mississippi Rivers. The spring 
floods from the Arkansas and Red Rivers, having their origin the 
same range mountains, but much farther south, did not contribute 
seriously the disastrous effects the lower delta, because they 
usually came earlier, and had passed down before the advent the 
“June rise” from the Missouri.. 

majority years the crest the “spring rise” had passed 
Cairo before the advent the “June rise” from the Missouri, 
which event passed down the Gulf with but little damage 
plantations levees. cases where cultivated fields were over- 
flowed, the water subsided time plant cotton and corn and 
raise partial crop each. 

Following the wake the “spring rise” came the “June rise,” 
but, the former had substantially passed out reach, the latter 
passed down the Gulf without doing material damage either 
levees plantations. 

evident from this statement conditions, if, from various 
causes, the “June rise” from the Missouri came tumbling 
down upon the “spring rise” before the latter had passed out the 
way, there would one those disastrous overflows which the system 
levees built previous that date had never withstood, resulting 
enormous losses the plantations, usually, the entire delta. Such 
floods were late subsiding from the cultivated fields—sometimes 
late August prevent the raising either cotton 
corn for that season. The best information was that these disastrous 
floods came about seven years, and varied intensity, 
accordance with the volume water brought down each the two 
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“rises,” and, large measure, the point near Cairo, 
which the two floods merged. 
Since the writer’s personal knowledge conditions this delta 
1873, more than thirty years ago, these conditions have been 
modified certain extent. The “spring rise” from the Ohio River 
water-shed makes its advent below Cairo earlier and larger volume 
than former years, volume much larger that the levees are 
often crevassed with the sequence great damage the planting 
interests. Although this “spring may have passed down and 
out the way the “June rise,” yet, the latter was average, 
greater than the average, volume, its waters would overflow through 
the “crevasses” made the earlier rise, widening them and resulting 
about the same amount damage would have occurred had the 
conditions been the same they were previous 1861. 
Notwithstanding the somewhat earlier advent the “spring rise” 
Cairo, has not prevented, times, that conjunction events 
which occurred former years, when the two “rises” combined their 
floods there, with such disastrous effect the delta below. The only 
perceptible difference that these combinations the two “rises” 


occur somewhat longer intervals than seven years, the writer 
informed. 


The much earlier advent the “spring rise” Cairo can 
attributed but one cause, namely, the denuding its entire water- 
shed the timber and underbrush which covered thirty forty 
years ago. The result, was expected, that the melted snows 
and rains are precipitated into its valleys much earlier and larger 
volume, resulting great destruction property, and hardships 
the people Pittsburg and the entire Ohio Valley below. 

The destructive effects the “spring rise” the delta below are 
caused when the early floods from the Cumberland and Tennessee 
Rivers merge near its mouth with the floods from the upper tributaries 
the Ohio. 

This condition affairs the Ohio Valley object lesson 
that which will occur much larger scale the great delta, 
unless not only preserve, but add to, the extensive forests now 
existing the sources the principal tributaries the Missouri, 
which furnish such large percentage the annual floods poured 
into Cairo. 
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Imagine for moment that the forests the eastern slope the 
great Continental Divide could suddenly wiped from the face 
the mountain, and that their winter snows were exposed the direct 
rays the sun spring and summer; there would such early 
melting the snows the spring that the “June rise” from the 
Missouri would make its advent near Cairo early every year that 
would merge with the “spring rise” from the Ohio, overtop the 
levee system, and create such devastation that few seasons 
would depopulate the entire delta, and New Orleans would become 
thing the past. This not fancy sketch. The same causes, how- 
ever unrestrained, that have produced the conditions before alluded 
the Ohio River water-shed (the greed Man), combined with 
the ravages forest fires, which, when under full headway are 
uncontrollable the floods the Mississippi, render this catastrophe 
not impossible. Fortunately for the country, this not supposable 
case this time. 

President Roosevelt, soon after assuming office, aroused public 
opinion the value these forests for irrigation, that Congress 
quickly responded liberal appropriations, the Forestry Service was 
once organized along liberal lines and under the direction 
Gifford Pinchot, Am. Soc. E., and everything points 
thorough oversight this most valuable asset. 

brief study the foregoing facts and views seems point 
simple and evident solution the problem set forth the beginning 
this paper, that is, control the “spring rise” from the Ohio the 
“June rise” from the Missouri prevent their conjunction 
merging near the mouth the Ohio, which has always produced great 
destruction below. 

Could this desirable object effected, system levees the 
delta adequate take care the “spring rise” from the Ohio would 
substantially sufficient take care the “June rise” which, 
though greater volume, would flatten out when not encountering any 
back flow from the Ohio flood. 

There does not appear much relief sight reference the 
control the “spring rise” from the Ohio. Reforesting its water-shed 
would give relief its immediate valley, but none below its mouth. 
the contrary, the earlier advent that flood its mouth gives 
the more time get out the way the “June rise.” The proposal 
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store the flood-waters this stream immense reservoirs, 
impounding its waters behind dams, does not impress the writer 
either feasible practicable. The cross-section its valley below 
Pittsburg too flat for reservoirs large capacity, and, above that 
point, the valleys its tributaries are too narrow and their gradients 
too steep available for that purpose. The same conditions exist 
its other important tributaries, the Cumberland and Tennessee 
Rivers. 

For the past ten years the General Government has been engaged 
building extensive system reservoirs for the purpose im- 
pounding the spring and summer floods the head the Mississippi 
River, with the object turning them loose the fall assist the 
navigation this river below St. Paul. While these works answer 
and will continue answer the purpose their construction, the 
volume water impounded will not give material relief Cairo. 

It.is, then, the Missouri River that must look for some means 
holding back retarding the advent the “June rise,” 
give the “spring rise” sufficient time get out its way. 

The building artificial dams impound these floods seems 
neither feasible nor practicable, within reasonable cost, was con- 
tended regarding the Ohio River floods. The writer recalls sites for 
such dams most the large tributaries the Missouri (the upper 
ends with the valley the stream above opening out into 
comparatively broad valley), where, building dams 500 ft. long, 
much the flood-water each stream could held back. Without 
going into the calculations the cost such works all the large 
tributaries, would appear enormous, when compared with the 
cost the means suggested Nature, and spread out all around 
these proposed dam sites, that comparison the merits each scheme 
would seem unnecessary. 

the head-waters its principal streams, Nature has pointed out 
the means used accomplishing this desirable end providing 
those dense pine forests that serve vast storage reservoirs for the 
accumulated deep snows winter. These forests, their shade, pro- 
tect the snows from the direct rays the sun, allowing them melt 
gradually prevent damage the streams below. the rapid 
melting the snow the large areas and contiguous the 
Continental Divide, which from various causes have been denuded 
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their forests, that causes flood damage the streams below, and 
the main factor the “June rise.” 

The lead pointed out Nature must followed. The present 
area these forests must not only preserved, but must added to, 
reforesting the large areas open prairie land which are sur- 
rounded are contiguous the main bodies forested land. 

each slope the Continental Divide, Montana and Wyoming, 
and the mountain spurs branching out therefrom, are vast pine 
forests extending from miles width each side the 
summit. There are also groups mountains considerable extent 
arising from the plains each side and within 100 miles this 
Divide (such the Big Horn Range and the Teton groups), which 
are covered more less with similar forests. 

The limit the timber line that latitude about 9200 ft. 
above sea level. Below that line and surrounded contiguous 
these forests are open prairie lands about equal area that 
the pine forests, which have been denuded timber, fire and other 
causes, the conditions soil and moisture being similar those 
the dense forests adjoining them. 

these upper mountain plateaus are found many never- 
failing springs, and these, during the dry months the fall, will 
serve irrigate the young pine shoots used reforesting. The ad- 
joining timber will furnish all the small pine saplings needed. 

Above the timber line and each side the Continental Divide 
and the mountain spurs branching out therefrom are large areas 
open land, but whether has been denuded its timber fires, 
whether its condition normal and due the frigidity the climate 
winter, not apparent. the eastern slopes there generally 
sufficient depth good soil which has been drifted from the western 
slope ‘the high westerly winds prevailing all times. 

During the storms winter, there form the eastern slope snow- 
drifts deep enough last very often until snow flies again. The 
writer not sufficiently informed the principles forestry 
give opinion whether these open areas above the timber line 
can reforested; but there are large areas with sufficient soil, and 
water from the snow banks, for that purpose, the winter temperature 
does not preclude the idea. 


There are records existence the present extent the 
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pine forests the head-waters the Missouri River tributaries, nor 
the open areas now denuded forests from unknown causes, lying 
among contiguous the existing forests below the timber line. 

believed, however (and this belief based somewhat 
intimate knowledge about 100 miles length this Continental 
Divide and its numerous spurs), that below the timber line there are 
areas open land which can reforested, and that these are 
cient equal extent the areas existing forests. 

before stated, the record snowfall the Four Bear Cattle 
Ranch, the Grey Bull River, for term years, averaged about 
in., and its climate could taken the average conditions 
points similar elevation (7000 ft.) around the water-shed the 
Missouri River. thought that the snowfall the high mountain 
plateaus greater than the valleys below, but there are data 
hand sustain this opinion. 

The snowfall, measured each day, was light weight, the in. 
average snowfall representing about in. water. 

This 80-in. depth snow has fallen between September 1st and 
May and, the pine forests, altitudes from 500 000 ft., 
and represents all the rain and snowfall between these dates. that 
altitude freezing temperature one the principal preservatives 
snow, especially the warm months. There are few nights that 
season, among the pine forests, when snow does not “crust 
ciently support the weight man even horse. 

estimating the amount precipitation that goes make the 
floods the Missouri River, there must added this in. snow 
the precipitation May, June, and July each year. This represents 
the total annual precipitation for the year, except that which occurs 
August. the record for August around this water-shed only 
about in., can safely assumed that this annual precipitation 
that altitude represents the stored precipitation for each year 
those pine forest reservoirs. 

will hereafter explained, one-half this precipitation (say, 
in.) represents the portion covering the open areas, surrounded 
contiguous the forests, which turns into water May during 
the first days June, and flows into the larger tributaries within 
hours after melting, thus forming the controlling factor the famous 
“June rise.” The volume and intensity this flood are caused, not 
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only the volume water thrown into the stream within the space 
month, but the melted snow being once tumbled down the 
steep mountain into the water channels below incredibly short 
space time, thus adding the intensity the flood. 

contributory the “June rise” may mentioned the melting 
the deep snowdrifts the great plains west the 100th meridian 
and the local rains the Lower Missouri and Upper Mississippi. 

Contributory the “spring rise,” some extent, are the melted 
snows the open areas these mountains, that lie above timber line 
200 ft.). these snows lie usually immense drifts, they not 
melt much before the latter part July and August, too late 
affect the “June rise.” 

The volume and intensity the “June rise” are dependent 
certain extent the coincidence conjunction all these factors. 
The melted snows from the forest reservoirs are, undoubtedly, the 
controlling factor. 

April, sometimes earlier, under the influence the “Chinook” 
warm winds from the Pacific, the snows covering the plains below 
the foothills the Continental Divide commence melting, causing the 
first floods the main stream and tributaries, which soon completely 
sweep out the ice, often creating immense gorges down low 
Omaha. 

The writer’s information that the influences these Chinook 
winds its head, frees the Missouri ice much sooner than the 
case with the Upper Mississippi. 

April 1st, the snows the timber the high mountain 
plateaus have usually settled depth from ft. 
account the low temperatures peculiar altitude 8000 
9000 ft., the snow does not usually commence melting the open 
tracts until about May melts rapidly, however, that 
June 10th the grass such advanced stage that cattle from 
the ranches below are taken, about that date, these upper moun- 
tain plateaus kept there until the November snows. 

the forests contiguous these open spaces, the snow does not 
usually disappear until the beginning August. 

This, nutshell, tells the value forests conserving the 
snows winter. other words, forests average density and 


the average altitude their habitat, 8000 9000 ft., will preserve 
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the snows winter from melting two months longer than open areas 
exposed the direct rays the sun. 

object lesson support this, the writer cites his ex- 
perience the Grey Bull, July 16th, 1880, crossing the Con- 
tinental Divide from the waters Snake River opposite the Upper 
Geyser Basin the Yellowstone National Park. The Divide com- 
paratively flat, has elevation about 200 ft., with about aver- 
age density forests, and that date was covered with depth 
from ft. snow, depending somewhat its exposure sun- 
shine the small openings the timber. The area these openings 
ranged from few acres acres. There may have been some drifting 
snow places. always the case this altitude, the snow 
banks are crusted over during the night from cold (one the elements 
snow preservation this altitude), and the party was compelled 
take advantage it, and get the pack animals across the snow- 
drifts the summit early the morning. The small openings 
the forests, before alluded to, had been freed from snow long that 
grass was far advanced growth afford enough pickings for 
nooning for the horses. The previous winter had been average one 
for snowfall, and that summer average for heat. This experience 
afforded admirable object lesson the efficacy forests for 
preserving snow. 

Now apply these facts and conditions the entire Missouri River 
water-shed like altitude, 7000 ft. and above, the Milk, the Sun, 
the Jefferson, the Madison, the Gallatin, the Yellowstone, the Big 
Horn and the Platte Rivers. present, one-half the winter’s 
snows that cover the open spaces will pass off May thereabouts, 
and will not benefit for local irrigation the smaller streams, 
for not then needed, nor the larger streams below for naviga- 
tion, for local rains have already provided sufficiency. 

Now conceive the entire water-shed this mighty river (below 
the timber line and well above the agricultural belt, say 7700 ft.) 
clothed with forests average density. When spring comes, the 
snow will commence melting that belt about May 1st, and instead 
half the winter’s snowfall melting during that month, and causing 
main factor the “June rise,” will melt gradually, and will not 
have disappeared before August 15th. Such gradual melting will not 
create those spasmodic floods, common the local streams below, that 
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often much damage irrigation work. The floods all the large 
tributaries are held back these causes, and, the outcome, the 
“June about which much has been said, will reach Cairo 
average one month later than usual. the levees the delta 
are average strength, they will have taken care the “spring rise” 
without any serious damage having been done. will have passed 
down and out the way the “June rise,” held back from causes 
before described, and the latter rise, from the same causes, will 
much less intensity than former years, and will pass down the 
Gulf and but little damage. 

The “June rise” not caused entirely melted snows, but re- 
inforced some extent local rains the Lower Missouri and the 
Mississippi. The retarding the melting snows the “June rise” 
one month, the means before described, will result lessening its 
intensity that amount, the effects the local rains will have 
passed down. 

Reforesting the upper water-shed the Missouri, pointed out, 
work more expensive the time required its accomplishment than 
its dollars and cents. 

plan has been suggested for the control the floods this 
mighty river which will not require years time, patience, and labor. 
believed that the plans laid out the Mississippi River Com- 
mission, understood, are along conservative lines, regards this 
great delta, that is, hold the river its present channel the 
revetment its caving banks, contracting its channel 
bars proper works, and, where necessary, dredging these bars 
for navigation purposes. addition these works considered (as 
the writer understands the views the Commission) substantially 
built system levees each bank. carry out these plans will 
require much time and patience, with proportionately much labor and 
expense. 

considered essential that the high floods the Ohio and Missouri 
water-sheds shall kept The only feasible means accom- 
plishing that desirable object impounding the flood-waters the 
latter stream the immense forest reservoirs its head. 

Reforesting the open areas among these forests, will small 
expense the work the delta. For few years will 
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require the labor many men can worked advantage for 
five months each year, resetting the pine saplings, and making 


the small ditches necessary for irrigating them. This will require 
about 1000 men for few years. After the shoots have taken root, 
fewer men, who should expert irrigation, will required. 
Nature, with the warm rays the sun, will the rest. believed 
that within five years after this work started its beneficial effects 
will apparent. 

make success this reforesting will require the application 
the laws forestry suitable for each latitude the North American 
Continent and each species pine found most suitable; and this 
must combined with the experience expert irrigators and much 
patience and care. 

When considered that the successful accomplishment this 
reforesting one the main factors, conjunction with the con- 
templated works the delta below, adding the resources the 
Nation each year from $300 000 000 $400 000 000, estimated here- 
tofore detailed report, becomes matter national importance, 
and should carried through regardless whatever expense, within 
reasonable bounds, its accomplishment may require. 

Closely allied to, and one the most important outgrowths of, 
forest preservation the Reclamation Service, brought the front 
the broad-minded statesmanship President Roosevelt and once 
adopted Congress. Its design reclaim, under wisely guarded 
law, the arid regions the mountain States each slope the 
Continental Divide, expending the proceeds the sales the 
public lands the construction reservoirs and ditches leading there- 
from for purposes irrigation. the most direct benefits the 
Nation from the construction this reclamation system, when finished, 
will the large annual saving the production the sugar beet. 
now quickly and profitably changed into sugar, one the neces- 
saries life. The belt country lying between the 100th meridian 
and the Continental Divide and between New Mexico 
Canadian line, eminently adapted the production the sugar 
beet. believed that the portion this belt, under the influence 
the Reclamation Service, each slope the Great Divide, when 
brought under proper cultivation, can produce enough sugar, 
addition what now being produced, take the place the 
500 000 tons now imported from foreign countries. 
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other words, these millions dollars now being spent the 
Reclamation Service will add each year the resources the Nation, 
when completed, least $200 000 000, besides other benefits great 
value which will naturally suggest themselves. 

Bearing the question its influence holding back the flood- 
waters the streams making the great “June rise,” Davis, 
E., Chief Engineer the Reclamation Service, has 
kindly furnished the following table the “Irrigating Projects” under 
construction the Missouri River drainage basin: 


Discharge, Storage, 

Projects. Acreage. second-feet. acre-feet. 

Sun River, Mont........... 300 000 500 600 000 

North Platte, Nebr......... 300 000 500 000 
Lower Yellowstone.......... 000 800 
Milk River, Mont.......... 000 1000 

Belle Fourche, Dak...... 100 000 200 000 

Shoshone, Wyo............. 150 000 400 000 


The experience derived from irrigation small scale the 
local streams that water-shed that the water which goes through 
the ditches and turned out from them, soaked the soil and 
does not return the stream for month more. This happens 
cases where the ditches are not more than mile from the stream. 
the the above-named projects the main canals will from 
miles distant from the streams from which they flow. can 
estimated safely that the water passing out the main canals the 
above “projects” during May, June, and July, does not return the 
streams from which they radiate for such length time that this 
discharge, together with the water impounded the dams, can 
considered reducing the volume the “June rise” that extent. 
The volume water thus held back amounts, calculation, about 
4500 000 acre-ft.; not large volume, yet there are times when might 
have perceptible effect. 

must borne mind that test has never yet been made 
the ability the two earthen walls, comprising the levee system 
each bank the Mississippi between points opposite Cairo and and 
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below New Orleans, withstand the pressure that would brought 
bear, did the “spring rise” from the Ohio and the “June rise” from 
the Missouri combine near Cairo and attempt the passage the Gulf. 
Judging the future the past, the result, with the existing system 
levees, would least problematical. 

Neither the magnitude the problem the successful control 
this river nor the benefits derived therefrom, are fully realized 
the country. The history engineering affords precedent 
serve guide solving the problem. flood tide its forces are 
irresistible when brought direct antagonism the puny work 
Man. times its actions appear almost erratic child’s. 
has respect for State’s rights. few weeks time will slice off 
large area from one State and quickly deposit below the 
opposite bank, add the territory neighboring State. 
only humoring its eccentricities and guiding its inherent power, 
that Man can accomplish the solution its control. This plan was 
successfully carried through its mouth, when was dig out 
channel ft. deep (where depth ft. had existed) across sand- 
bars formed its own currents, the construction the jetties. 

The cost the work necessary for the control the flood-waters 
will great. The benefit the United States arising therefrom 
adding its resources 4000000 bales cotton and proportionate 
amount sugar each year makes evident that its cost should 
borne the Nation and not the comparatively few cotton and 
sugar planters the delta, has heretofore been done through State 
agencies. should evident that much the province 
the General Government take care the harbors this vast inland 
and the channels leading them take care the harbors 
‘and channels the seaboard and the Lake States. 

means keeping open this important channel commerce, 
the building levees, the revetment the caving banks their 
front, the contraction its channel low water the interests 
navigation, are the same means rendered necessary the construction 
the same works for the purpose prevention disastrous over- 
flows. Any plan river improvement for navigation without the aid 
levees the banks, would serious mistake and would result 
failure. bad crevasse the levees would decrease the volume 
water below, and counteract one the governing ideas the plans 
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the Mississippi River Commission, viz., the contraction the currents 
for scouring purposes. 

The foregoing points out additional reason why the cost this 
great work should borne the Government. carries with the 
result that this entire system work—the control overflows 
levees, and the works for the improvement navigation—shall 
under one central control. The two systems hand-in-hand, and are 
interdependent. 

recapitulate: The solution this great problem consists 
keeping apart the “June rise” and the “spring rise,” that the latter 
floods will have passed before the advent the former the mouth 
the Ohio. 

noted before, there relief expected from the Ohio. 
left, then, the Missouri water-shed furnish the means for the 
object required. The head-waters this stream must impounded 
immense reservoirs, for such length time will without doubt 
prevent the “June rise” from making its advent until the “spring rise” 
has passed. 

Nature has constructed, object lesson, those immense storage 
reservoirs for protecting the winter’s snows the dense forests and 
near the great Continental Divide. directs reforest those 
large areas, which one time were clothed with dense forests, but 
which have been denuded fire and other unknown causes. 

Nature teaches that these open spaces, once clothed with forests, 
can reclothed with similar forests Man will use the means indi- 
Science. Then will follow the slow melting the conserved 
winter snows, thus keeping apart the “June rise” and the “spring rise,” 
and, conjunction with substantial system levees the delta, 
this will afford the only solution for the permanent control the 
periodical floods that sweep down through this great delta. 

the preparation this paper, the writer indebted 
Pharr and Hardee, Members, Am. Soc. E., for information 
conditions the Mississippi Delta subsequent 1873, and 
Davis, Am. E., the Interior Department, and Messrs. 


Kellogg, Bonsteel, Plummer, and Zoo, the Agricultural Department, 
for valuable statistics. 
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ELECTRIC RAILWAYS THE OHIO VALLEY 
BETWEEN STEUBENVILLE, OHIO, AND 
VANPORT, PENNSYLVANIA. 


PRESENTED JANUARY 6TH, 1909. 


There has been constructed during the past two years, along the 
northerly and westerly banks the Ohio River, between Vanport, 
and Steubenville, Ohio, about miles double-track, standard-gauge, 
electric railroad, which affords this busy, thriving, industrial section 
high-grade interurban road. 

The lines form the connecting links uniting the East Liverpool, 
Wellsville, Steubenville, and Toronto systems, and, with their con- 
nections, Vanport the north and Steubenville the south, make 
possible through travel trolley between Pittsburg, Pa., and 
Va., except for short piece track, now under construction, 
the vicinity Sewickley. 

The configuration the country through which the road has been 
built such practically preclude the location and constructicn 
future competing line. 


papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and may 
sent mail the Secretary. Discussion, either oral written, will published 
subsequent number Proceedings, and, when finally closed, the papers, with 
discussion full, will published Transactions. 
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RAILWAY LINES 
STEUBENVILLE, ROCHESTER, PA. 


Not Scale 


Existing Lines Reconstructed and Double-Tracked 


New Lines Constructed of Double . Track 


DISTANCES ON THROUGH LINE. 


<2, 
Steubenville E.Liverpool Railway Light Co. 18.29 Miles 


East Liverpool Traction Light Co. 
Ohio River Passenger Railway 11.29 “ 
Beaver Valley Tr. Co.- Vanport to Rochester 4.00 “ 

Total 
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The railways described have been built three constituent 
companies: 

The Steubenville and East Liverpool Railway and Light Company. 
—This company owns and operates the properties the Steubenville 
Traction and Light Company and the Toronto Light and Power 
Company. The former these acquired properties owned and operated 
the street railway system Steubenville, and single-track line 
Toronto the north, distance about miles. The new company has 
reconstructed this single-track road, improving its alignment and grade 
various places locating the tracks private right way; has 
added new second track between Steubenville and Toronto, and has 
built new double-track road between Toronto and Wellsville, dis- 
tance 7.86 miles. The company also furnishes light and power for 
commercial purposes Steubenville and Toronto. Steubenville, 
the southerly terminus the system, connection made with the 
Wheeling Electric Railway, which reaches Wheeling, Va., dis- 
tance about miles, also with the Steubenville and Brilliant Line, 
the west side the river. 

The East Liverpool Traction and Light Company.—This company 
serves the East Liverpool district, which extends eastward far 
the State line between Ohio and Pennsylvania, and southward the 
southerly limits Wellsville, and includes the street railway system 
East Liverpool, branch line across the river Chester, Va., 
and 3-mile spur track the company’s coal mine Island Run. 
also furnishes light and power for commercial purposes 
Liverpool, Chester, and Wellsville. The initial move improving and 
the transportation facilities demanded this territory was 
made this company. The road was originally single-track 
lying wholly the highways and streets, and had several dangerous 
steam railroad crossings grade. the reconstruction that por- 
tion the system which forms part the through main line, pro- 
vision was made for double track, which has been laid partly new 
location, and far practicable private right way, improving 
the grade and alignment, and eliminating the grade crossings. 

The major portion this property was reconstructed during 
and 1906, thus preceding the construction the stretches road 
southward Toronto and Steubenville, and northward from East 
Liverpool Vanport, which has resulted the continuous line 
about miles double-track road described herein. 
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The Ohio River Passenger Railway Company.—This company has 
built the new double-track road between East Liverpool (where con- 
nection made with the lines the East Liverpool Traction and 
Light Company) and Vanport, distance 11.29 miles. the 
latter place connection made with the lines the Beaver Valley 
Traction Company, with which company traffic agreement has been 
made for operating cars into Rochester, Pa. Arrangements are being 
perfected with the Pittsburg and Lake Erie Railroad for connection 
Beaver and for the sale tickets for through travel any point 
either system. 

tri-party agreement has been executed with the foregoing con- 
stituent companies permitting the joint use the main-line trackage 
between Steubenville and Rochester, distance 444 miles. 

Location.—The portion the Ohio Valley traversed these con- 
necting lines narrow, with high and, some places, steep and 
precipitous hillsides and bluffs alternately advancing and receding 
from the shore the river. 

The location along the bank the river low grade line was 
practically pre-empted the Cleveland and Pittsburg Division the 
Pennsylvania Lines, and required considerable engineering study 
and skill secure private right way, and locate line which would 
not only give easy curves and grades, but avoid expensive trestles and 
viaducts. 

Railway Construction—The permanent way consists graded 
roadbed, located partly the streets and highways, but for the greater 
portion the distance private right way, laid with 
rails, dnd ballasted first-class manner. The alignment and grades 
are such are compatible with high-grade urban and interurban roads. 
All streams and waterways are crossed substantial bridges and 
culverts, the former being steel and the latter stone 
masonry. 

Track.—The track standard-gauge construction, and the 
main T-rail, Am. Soe. section, laid 60-ft. lengths 
8-in. 8-ft. hardwood ties, mostly oak, spaced in. from 
center center, and ballasted with gravel broken stone. The 
are bonded for the return circuit with single 000 protected bonds, 
except East Liverpool, where double bonds the same type are used 
each joint. Cross-bonds connect the rails intervals 1000 ft. 
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The tracks are generally ft. in. from center center; but 
where bridges trestles are crossed, provision made for spacing 
the tracks ft. from center center. Spring frogs standard 
pattern are used all cases outside city streets. Fig. shows the 
standard adopted for roadway construction, outside towns and cities, 
both and fills. 

Grading.—Outside cities and towns the grading was practically 
side-hill work, necessitating some heavy cuts and fills. many in- 
stances the railroad right way parallels the highway which was 
originally cut the sides these precipitous hills. This roadway 


was widened, providing room for both the highway and the double- 
track railway line. 


* 

' 


~ 


STANDARD ROADBED SECTION 

TIES 6-IN. 8-IN. FT.LONG 

GRAVEL BALLAST. 


The work required the excavation about 750000 cu. yd. 
material all classes, considerable percentage being rock, mostly 
shale and sandstone. 

Beginning Seventh Street, Steubenville, the principal work 
may described, sequence toward Vanport, follows: Grading 
and paving highway for track and street widening for 2.76 miles; 
thence grading and culverts for double track private right way 
across the King and other property for 2.23 miles, this embracing con- 
siderable earth and rockwork; thence track grading and highway 
paving and widening for 1.42 miles; thence earthwork grading and 
bridging private right way through the Toronto Realty Com- 
pany’s property for 0.30 mile the streets Toronto; thence grading 
for track the streets that town for 2.02 miles; thence private 
right way and over double-track, timber trestle Croxton’s Run, 
360 ft. length, for 0.40 mile; thence grading for track, partly 


4 
| 
| 
S 
<——6 1% & ey, 
ed 
les 
ds. 
nd 
a 


1258 ELECTRIC RAILWAYS THE OHIO VALLEY [Papers. 


streets, but mostly private right way through Calumet, Empire, 
and Ekeyville for 4.07 miles the north end the steel viaduct, 
Port Homer, over the Cleveland and Pittsburg Railroad, 450 ft. long; 
thence side-hill grading private right way, including relocation 
highways along what known The Narrows, Yellow Creek, 
for 3.01 miles, this stretch including steel viaducts Goose Run, 
335 ft. long, Brimstone Run, 175 ft. long, various cattle passes, heavy 
retaining walls, and small bridges; thence single-span steel bridge, 
174 ft. long, over Yellow Creek; thence under the Cleveland and 
Pittsburg Railroad through existing bridge openings, 
grading, including the straightening and paving the highway for 
0.78 mile Borings Crossing, new bridge being there constructed 
for the Cleveland and Pittsburg Railroad over the new road and high- 
way, thus removing existing grade crossing; thence track grading 
and street paving Wellsville, for 3.69 miles the city line East 
Liverpool, this stretch including the Wellsville steel viaduct, about 
300 ft. long; thence track grading and street paving East Liverpool 
for 7.14 miles the easterly city line, this stretch including the 
Jethro Run steel viaduct, about 475 ft. long, the Sixth Street steel 
viaduct, 664 ft. long, Bradys Run culvert, Dry Run bridge, and other 
structures. For considerable portion the latter distance the high- 
ways were widened, and some the new railroad was placed 
private right way; thence crossing Beaver Creek two-span 
double-track steel bridge, 306 ft. long, and crossing under the Cleve- 
land and Pittsburg Railroad through existing opening, and 
streets for 1.47 miles bridge constructed over the Cleveland and 
Pittsburg Railroad tracks, for both the new railroad and the highway, 
thus removing grade crossing; thence track grading private 
right way, and straightening, widening, and paving the highway 
for 2.20 miles Midland; thence track grading and paving for 1.51 
miles through this town; thence grading private right way for 
1.17 miles Industry; thence track grading and street paving through 
this village for 0.37 mile; thence grading private right way 
(mostly side-hill work) for 4.55 miles the end the new double 
track Vanport. This last stretch embraces the following steel viaducts 
and other important structures: Four Mile Run viaduct, about 323 ft. 
long; Barclay Run viaduct, about 275 ft. long, and Vanport trestle, 
about 700 ft. long. 
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The side-hill grading was quite difficult, great number slides 
came down the hillsides, some instances from considerable dis- 
tances, causing large expense for their removal. The clayey nature 
the material, combined with water from the hills, was the cause 
many these slides. The excavated material consisted earth, 
mixture earth and rock fragments varying sizes, and solid rock. 

The side-hill work necessitated the construction number 
retaining walls different points, the principal ones being The 
Narrows, just south Yellow Creek, and one near Cooks Ferry. The 
former about 350 ft. long and has maximum height ft.; 
each contains approximately 1600 cu. yd. concrete. The wall 
Cooks Ferry similar dimensions. 

line passes through fifteen communities, and 
nearly every instance where franchise was given for the use 
streets highways unusual requirements for paving were exacted. 
some instances the entire width the street was paved; others, 
where the street grade was changed, the embankment slopes front 
residences were paved, well the street surface. 

this great brick manufacturing center, all paving consisted 
vitrified brick sand miles track being thus paved, 
the cost averaging approximately $0.90 per sq. yd. 

important bridges, with the exception those over 
Beaver and Yellow Creeks, are deck structures the viaduct type, 
weighing about 700 lb. per lin. ft. double track, and were calculated 
for concentrated load tons two axles 10-ft. centers, 
uniformly distributed load trusses 1800 Ib. per lin. ft. each 

The standard construction calls for 35-ft. braced towers with 
battered posts, and 60-ft. spans between the towers, with provision for 
expansion each tower. columns and towers are fixed the 
foundations with long anchor bolts set the piers, and the abut- 
ments the structure held place short bolts set after the erection 
the steel, thus allowing for creeping during erection. The struc- 
tures, though light, were built for interurban electric passenger service 
only, and are thoroughly braced and very rigid. The floor systems are 
stiffened further carrying the ties clear across the structure. 


foundations and abutments are concrete. Fig. typical design 
for these viaducts. 
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The bridges over Beaver and Yellow Creeks are double-track, 
through, two-truss structures, having rigid members with riveted 
connections. The load distributed evenly over the bearings using 
pin-connected shoes. the expansion end the shoe rests nest 
turned rollers which are free move planed roller box bolted 
the masonry. The structures are secured firmly the concrete 
abutments and piers long anchor bolts set the masonry. 

The Beaver Creek bridge consists two double-track, through 
spans, each 153 ft. long; the Yellow Creek bridge consists one double- 
track, through span, 174 ft. long. The steel for these bridges was 
fabricated and erected the Fort Pitt Bridge Works. 

Sixth Street, East Liverpool, steel viaduct was built over 
what locally known Horn Switch. 664 ft. in. over all, 
ft. above the foundation its highest point, and weighs about 
233 tons. The steel for this bridge was fabricated the American 
Bridge Company, and erected the Cleveland Engineering Company. 

The aggregate weight all the new truss bridges and viaducts 
approximates 1100 tons. 

number small bridges were built, and three the 
existing highway structures were strengthened take care the 
loading imposed the addition second track. 

Power power requirements the original 
companies forming part this property were provided for four 
generating stations, located East Liverpool, Wellsville, Toronto, and 
Steubenville. These stations supplied current, not only for the 
railway operations, but also for municipal lighting and power. this 
load factor were added the requirements for the operation about 
miles new track and increase 50% the lighting loads 
East Liverpool, Steubenville, and elsewhere. 

the changes, alterations, and additions the generating, dis- 
tributing, and transmitting system, the existing houses and equipment 
were utilized far 

After careful study the conditions, was decided consoli- 
date all the generating equipment the East Liverpool and Steuben- 
ville power-houses. The loads formerly carried the Toronto and 
Wellsville stations were transferred these main stations, and the 
buildings were remodeled and equipped sub-stations, one new sub- 
station being built Industry. 
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The difficulties this work were increased the necessity 
keeping the generating stations continuous operation while the 
changes and alterations were being effected. The work was accom- 
plished successfully without the interruption any service that was 
being rendered. 

East Liverpool original building was brick 
structure with wooden floor and tar and gravel roof timber 
supports. The old wooden floor was taken out and replaced with rein- 
forced concrete, giving increased cleanliness and greatly reduced 
fire risk. 

The load this station was increased the addition that 
formerly carried the Wellsville station and the new Industry sub- 
station, well the increased requirements the railroad, 
provide for which the alternating-current generating equipment was 
the addition one 1000-kw. turbo-generator and one 
500-kw. turbo-generator, and the direct-current equipment one 
new 300-kw. rotary converter and the transfer 300-kw. engine- 
type generator from the Steubenville power-house. new 
switch-board was installed take care this additional 
apparatus. 

The turbines well the alternating-current, belt-driven genera- 
tors this plant produce 60-cycle, 2-phase current 2200 volts. 
reduce this voltage for the operation the rotary converter, two 
175-kw. step-down transformers were installed, and raise for 
transmission Wellsville and Industry, six 175-kw. 
formers were provided. Excitation taken care one steam- and 
one motor-driven exciter, either which sufficient capacity 
furnish excitation for all the alternating-current generators. 
Tirrill regulator was installed for voltage regulation. 

The boiler plant was enlarged the addition wooden frame 
structure, sheathed with corrugated iron, which were installed four 
500-h.p. Stirling water-tube boilers. 2000-h.p., open feed-water 
heater, and two -by 12-in. boiler feed pumps were also 
provided. 

order operate the turbines, barometric condenser with dry 
vacuum pump and two motor-driven circulating pumps were installed. 
Water for condensing purposes taken from the Ohio River, and, 
there about ft. difference between the high and low stages the 
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river, unusual means had provided for elevating the water the 
condensers. this end vertical intake well reinforced concrete 
was built the bank the river, extending from below the low- 
water above the high-water level. Vertical centrifugal pumps were 
then installed the bottom this well and connected vertical 
shafts two 50-h.p. 200-volt induction motors placed above the high- 
water mark. From the bottom the head-house 24-in. intake pipe 
was extended the center the channel the river, terminating 
timber crib. 

The coal supply for this plant obtained from the company’s mine, 
from which carried over 3-mile branch line and delivered 
dump cars the fire doors the boilers. The generating capacity 
the station has been increased from 1200 3000 kw. 

Steubenville brick structure with brick 
floor and slate roof, supported steel trusses. separate building, 
similar construction, was enlarged provide for the installation 
two 500-h.p. boilers. 

The station load was augmented considerably the transfer the 
lighting load formerly carried the Toronto station, the increased 
lighting load for Steubenville, and the additional power required for 
the operation the miles newly constructed railway lines which 
serves. take care these requirements, the following additional 
equipment was installed: Two 500-kw. turbo-generators, producing 
2-phase current volts; two 175-kw. and two 100-kw. 
step-up transformers for raising the voltage 13200 volts, 3-phase, 
for transmission the Toronto sub-station. The switch-board was 
enlarged the addition four new panels handle this new equip- 
ment. Excitation taken care one steam-driven and one motor- 
driven either which sufficient capacity furnish 
excitation for all the alternating-current generators. Tirrill regu- 
lator was also installed. 

The plant was enlarged further the addition two new 500-h.p. 
Stirling boilers, and the necessary condensing apparatus for the tur- 
bines, consisting barometric condenser, dry vacuum pump, and 
engine-driven centrifugal and circulating pumps. 

the only source water supply for condensing purposes was 
the city water system, was necessary construct cooling tower 
and additional engine-driven centrifugal pump deliver water 


‘ty 

7 
q 
2 

ie 
e 
7 


1264 ELECTRIC RAILWAYS THE OHIO VALLEY 


thereto. erecting this tower, use was made old gas tank and 
well the property. 

The capacity this station has been increased from 1800 
2500 kw. 

Toronto Sub-Station—The Toronto sub-station building formerly 
contained the generating apparatus supplying current for the arc- and 
incandescent-lighting systems Toronto, and was built tile blocks, 
with brick floor and slate roof. now equipped, contains two 
300-kw. ‘rotary converters furnishing direct railway current 585 
volts, and operated from the transmission line through six 110-kw. 
step-down transformers, and two 110-kw. transformers which deliver 
2-phase current 200 volts for the incandescent-lighting circuits, and 
for the circuits constant-current transformers and mer- 
cury rectifiers. The station has 10-panel switch-board. 

Current received from the Steubenville power-station 200 
volts, over two 3-phase transmission lines miles long. 

Wellsville Sub-Station.—The apparatus for this sub-station in- 
stalled building which was formerly the Wellsville power-station, 
supplying Wellsville with are lights for street lighting and incan- 
descent lights for commercial purposes, well direct current for 
street railway operation. 

The building brick, with solid concrete floor and tin roof. 
Current received 600 volts from the East Liverpool power-house, 
over two 3-phase transmission lines each miles long. 

The present sub-station apparatus designed take care the 
commercial and railway loads, and consists two 300-kw. rotary 
converters furnishing current 585 volts for railway purposes, the 
current being delivered the rotaries from the transmission line 
through six 110-kw. step-down transformers; and four 75-kw. trans- 
formers which deliver 2-phase current 2200 volts for the incan- 
descent-lighting circuit. The are lights are taken care two con- 
stant-current transformers supplied the bus. The station 
also contains 200-kw. “balancer set,” furnishing direct current 
500 volts for special commercial circuit, supplying shop motors which 
could not operated the railway voltage. The station has 9-panel 
switch-board. 

Industry sub-station new brick structure, 
with floor, and concrete roof supported 
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contains two 300-kw. rotary converters which receive 
from the transmission line through six 110-kw. step-down 
transformers and deliver direct current 585 volts for railway service 
only. Current transmitted,to this station volts from the 
East Liverpool station over single 3-phase transmission line about 
miles long. 5-panel switch-board installed. 

Overhead Construction.—The usual type span-wire construction 
used direct-current interurban roads was adopted. The poles are 
chestnut, from ft. long, with 7-in. tops. They are set ft. 
the ground, with head and breast boards, and are given deflection 
away from the tracks in. ft. The poles are approximately 
100 ft. apart, with minimum clearance ft. from the center line 
double track, measured the track level. The poles one side 
the road are ft. higher than the other, and carry, addition 
the trolley, the feeder and transmission lines. The butts all 
poles carrying high-tension wires are charred for distance about 
in. above and below the ground line. The tops and gains all 
poles were painted with two coats heavy black asphaltum before 
erection and before the attachment the cross-arms. The cross-arms 
are painted yellow pine, fitted with locust pins, secured the poles 
through galvanized-iron bolts, and braced with galvanized-steel 
braces. 

The trolley lines are mainly hard-drawn copper wire sup- 
ported @-in. galvanized stranded span wire which they are 
attached round-top hanger suspensions with 15-in. bronze soldered 
ears, except curves, where the ears are carried gooseneck sus- 
pensions with wood strain insulators. They have clear height above 
the track ft. in. outside city limits and private right 
way, while the cities this clearance increased ft. in. Pro- 
tection from lightning furnished arresters placed the poles 
intervals about 1000 ft. 

Transmission and Feeder Lines.—The six wires forming the double 
transmission lines between East Liverpool and Wellsville are 
supported one 8-ft. cross-arm, the wires each circuit being in. 
apart. The double transmission lines between Steubenville and 
Toronto are carried delta two cross-arms, with the apex the 
triangle the bottom, the cross-arms being spaced that the wires 


form equilateral triangle. Between East Liverpool and In- 
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dustry, the single 3-phase transmission line carried 7-ft. cross- 
arm, the wires being spaced in. apart. This construction makes 
possible, with the least alteration, future provision for double 3-phase 
line, similar the Steubenville and Toronto lines, simply adding 
another cross-arm with two insulators. 

The wires are carried brown porcelain, high-tension insulators, 
in. diameter and in. height, and are protected from light- 
ning suitable lightning arresters and choke-coils each the 
power-houses and sub-stations. The lines consist No. hard- 
drawn copper wire, except between East Liverpool and Wellsville, where 
No. wire used. This wire bare, except through built-up districts, 
where protected water-proof insulation. two points the 
route the transmission lines are carried independent pole lines which 
have been erected for short distances private right way. 

addition the direct-current railway feeders required for local 
service, the main line the road taken care mil. 
aluminum feeders carried 2-pin cross-arm below the transmission 
line, taps the trolley being provided intervals 1000 ft. 

Cars.—New rolling stock has been purchased for the through service 
between Steubenville and Rochester, and consists double-truck 
Pullmans, ft. long, finished mahogany, with high-backed, red 
plush seats, having seating capacity forty-four. Cars this type, 
and for service this character, are usually fitted for greater carrying 
capacity, but this equipment four seats, two either side, were 
omitted, the seats being respaced give more liberal distance between 
them, following more nearly, this particular, steam railroad practice. 

Each equipped with four 60-h.p. motors, mounted Brill 
trucks with steel wheels. smoking compartment, with seating 
sixteen, provided one end; all cars are heated and 
lighted electricity, and fitted with are headlights, Lecturn 
signal lights, electric bells, parcel racks, and other conveniences. 

The exterior finish rich yellow, lettered aluminum outlined 
black. the letter-board over the windows, the cars bear the words 
Valley Scenic Route.” 

Organization the Field for Roadway engi- 
neering those portions the roadway the East Liverpool Traction 
and Light Company’s property constructed and reconstructed during 
1905 and 1906 was looked after Westinghouse, Church. Kerr and 
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Company. The work was executed under various contracts unit 
prices others and the company’s own forces. 

The engineering the subsequent roadway extensions this com- 
pany’s property, the construction and reconstruction the Steuben- 
ille and East Liverpool Railway and Lighting Company’s property, 
and the work the Ohio River Passenger Railway Company’s prop- 
erty constructed and 1908 was looked after and constructed 
the forces Westinghouse, Church, Kerr and Company, 
was also the power work during 1907 and 1908. 

The roadway organization the field consisted the engineer 
charge, assisted field parties and superintendents the different 
main divisions, with sub-divisions under general foremen, walking 
bosses, foremen gangs, these being revised from time time 
the work demanded its several parts, such grading, masonry, 
track-laying, paving, and overhead work. Some unavoidable difficulties 
obtaining right way delayed the work that the time covered 
was more than would have been necessary otherwise. The maximum 
number men employed one time was about 1000. steam 
shovels were used required. Four locomotives, with about dump 
cars, were utilized more less continuously the grading and the 
distribution track material and ballast. There were various concrete 
mixers, derricks, and pile drivers. The total cost the roadway work 
for 1907 and 1908 was about 600 000. 

The power work done Westinghouse, Church, Kerr and Company 
during 1907 and 1908 aggregated about $450 000. 

Government river improvements are being made 
the United States Government the construction deep-water 
channel between Pittsburg and Cairo and the building dams and 
locks which will make navigation possible the Ohio throughout the 
year. estimated that the present time, with these improvements 
still far from completion, more than 10000000 tons freight per 
annum are moved boats and barges during the high-water stages, 
over the miles river between Beaver and Steubenville. 

gives the approximate population the vari- 
ous cities, towns, and districts through which the road passes, which, 
reason connections made, may fairly considered contribu- 
tory; also the approximate mileage. 

section the Ohio River between Beaver and 
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Steubenville rich resources—coal, natural gas, oil, clay, 
make natural industrial center. are situated 
some the large iron, steel, and tin-plate works the United States 
Steel Corporation and number independent companies; extensive 
plants for the manufacture vitrified sewer pipe, fire brick, paving 


brick, tile and other fire-proofing materials, well glass-works and 
paper mills. 


TABLE 
District. Mileage. Population. 


East Liverpool the principal seat the pottery industry the 
United States. Three the twenty-seven potteries located here are 
said the largest the country; and this industry, which alone 
employs 12000 hands, with weekly payroll more than $100 000, 
produces more semi-porcelain tableware, door knobs, 
electric fixtures, than any other city the world. 

Other important manufacturing interests, related ‘semi-related 
the foregoing, make this miles river valley veritable hive 
industry.” 

Amusement Park.—One the most beautiful and popular amuse- 
ment resorts this section the country Rock Spring Park, 
Chester, Va., just across the river from East Liverpool, and reached 
one the company’s branch lines. constitutes the main 
pleasure resort this part the valley, and expense 
spared maintain the high standard its attractions. owned 
the East Liverpool Traction and Light Company, and operated 

Scenic road passes through exceptionally pic- 
turesque country, and gives promise excellent possibilities for the 
development large excursion business; will undoubtedly prove 
attraction pleasure seekers. 


For its entire length, the route follows the river, and located 
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generally the table lands affording many fine views the O-hi-yu 
“Beautiful River,” which fully justifies the name given the 
Indian tribes formerly inhabiting its banks. 

the vicinity Toronto, great apple orchards cover the hills for 
almost miles, and the spring the great mass white and pink 
bloom against the fresh green the hillside presents strikingly 
beautiful picture. The beginning the apple industry traced 
the eccentric woodsman, John Chapman, familiarly known “Johnny 
Appleseed,” who, during the latter part the eighteenth century, 
devoted his life planting apple trees this vicinity. 

Operation.—The various sections of.the road were placed opera- 
tion fast completed, follows: 

Double track between Wellsville and East Liverpool, Sept. 15th,1906. 

Between Calumet and Port Homer, Dec. 14th, 1907. 

*Between Steubenville and East Liverpool, Feb. 11th, 1908. 
Between East Liverpool and Smith’s Ferry, Feb. 29th, 1908. 
Between Smith’s Ferry and Midland, March 21st, 1908. 

Between Steubenville and Calumet, June 30th, 1908. 

The entire road between Steubenville and Vanport, July 1908. 

Cars are run 30-min. schedule the main through line, with 
extras and specials required. 

Financiers, Engineers, and construction these 
railway lines has been financed the Ohio Valley Finance Company, 
the Hon. Caryl Ely, Buffalo, Y., President. The general 
supervision the whole project, the securing right way, and the 
purchase rolling stock was looked after Mr. Edward McDonnell, 
East Liverpool, Ohio, Assistant Treasurer, and Mr. Van Horn Ely, 
Steubenville, Ohio, Vice-President that company. 

Westinghouse, Church, Kerr and Company, New York City, were 
the engineers construction and reconstruction the old properties, 
and the engineers and constructors the new properties, the road- 
way construction being under the supervision and direction the 
writer assisted Edwin Beugler, Am. Soc. The execu- 
tion the work the field was under the direction William 
Polleys, Am. Soc. E., Resident Engineer. Mr. George 
Preston was the engineer charge the mechanical and electrical 
work the field and office. 


part the distance between Steubenville and Calumet was operated single-track 
road until June 1908. 
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CATENARY TROLLEY CONSTRUCTION. 


Discussion.* 


Rurus Am. Soc. E.—The successful opera- 
tion number heavy-service electrified lines, together with re- 
turning financial confidence, indicate that further development the 
direction such electrification almost certain, and make this paper 
most timely, particularly there yet remains spoken the last 
word the distribution and collection electric energy large 
quantity and high speed. 

The author’s record electrification steam roads will apparently 
bear slight view the pioneer work Colonel 
Heft, would seem desirable, recording the New York, New Haven 
and Hartford Railroad electrification, note the third-rail installa- 
tion between Hartford and New Britain. The electrification the 
West Shore Division the New York Central (unless the speaker 
greatly mistaken) 600 volts, third-rail, and not overhead trolley. 

The overhead construction electrified line one the very 
important features, for failure its part most unfortunately 
apparent. steam road, affecting rule but two 
three trains, are passed over the public inevitable, but failure 
the overhead the same line when electrified, with the consequent 
paralysis traffic the affected section, calls down the severest 
criticism, although the aggregate monthly train minutes delay 
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the latter case are almost invariably far less than for the corresponding mr. Harte. 
period under steam operation. 

Not only its general relation the line the overhead critical 
feature. Mr. Lyford clearly points out, the fact that not 
easily reached for inspection necessitates class work that will 
stand satisfactorily under neglect; and this particularly true 
when, apparently the case the Denver and Interurban, large 
portion the line fed directly through the trolley. The overhead, 
therefore, should the best, regards both material and labor, 
and should such design and character that failures are reduced 
minimum and the necessary repairs can made with the least 
possible interference with operation. 

This relation operation, too, will usually found the controlling 
factor installation. Where the work train can have reasonably 
clear field, derrick car decidedly economical for pole setting, but 
where there are many train movements, particularly these are largely 
freights, not regular schedule, the cost delays sidings will 
frequently found more than offset the mechanical gain. The 
lay-over loss can reduced using the derrick merely pick 
and place the holes the sticks, the final setting being made with 
pikes while the derrick “bottled up,” but the danger untamped 


pole toppling toward and fouling the track makes the economy ques- 
tionable. 


The clearance ft. in. from track center pole face seems 
scanty. Present-day steam road practice favors least ft. 
clearance distance, and this essential good sighting signals, 
very common location for the latter being with mast ft. from 
rail, which case the spectacle line with pole set ft. 
in. from the center line. Moreover, with pole spacing 150 ft., 
and the poles all near the track, there is, high-speed operation, 
the effect narrow lane which the vision the engineer 
restricted. The plan pivoting the signal blades the center 
instead the end assists the view materially, and has been followed 
several electrifications. Aside from the question signals, the 
track gangs shift the track bodily lining up, particu- 
larly curves, makes very desirable have little more leeway 
than given the clearance the Denver and Interurban. 

For the installation the catenary itself some form work train 
course necessity, and desirable that this least the 
length the standard span. The entire span can then installed 

one setting the train, and close multiple-point suspension there 
given opportunity for the aggravating interchange hangers 
slight difference length. the New York Division electrification 
the New York, New Haven and Hartford Railroad, flat cars were 
used, series towers being built upon them; here the Hangers are 
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Mr. ft. apart. the Midland Division electrification, where the 
hangers are ft. apart, single towers were largely used, over- 
hang giving access brackets. the Berlin-Middletown-Meriden- 
Westfield simple suspension, the contractors, Messrs. Latey and Slater, 
used regular tower car where there was little traffic, but between 
Middletown and Berlin, where shuttle trains kept the line hot, there 
was successfully used light tower grampus which could taken 
bodily off the track pass trains. Brackets were erected simple 
device consisting pipe arm carrying the hoisting tackle and 
having jaw fit the pole, together with galvanized-strand guy 
which slipped over the top the pole. One man could readily place 
this, after which, the attached tackle, ground men hoisted the 
heavy bracket arm and held while was being installed. this 
line the feeders were run out the derrick car, sheave the end 
the boom delivering the heavy cable the cross-arm very success- 
fully. 

what can done with such methods, not much can said 
that value another case. Under favorable conditions, 
astounding amount work can done one day, but the conditions 
may counted upon varying somewhat degree, and are always 
unfavorable. 

using trolley wire greater abrasive strength than copper, 
the author takes step the right direction. Joseph Mayer, Am. 
E., some time ago suggested the use mild-steel contact 
rod,* fed from the copper distribution system, and the compound 
catenary the New York Division the New Haven follows this 
general plan, the intermediate messenger copper feeding trolley 
high resistance abrasion and low conductivity. the latter 
installation, hanging the contactor from points midway between 
the primary hangers, using clips which grip the contactor but slide 
the messenger, there has been obtained the elasticity the Siemens- 
Schuckert compound catenary with much simpler design. re- 
sults, apparently, are extremely satisfactory. 

interesting note the high tension used the Denver trolley, 
and, particularly, the very high initial stress, which closely approxi- 
mates the breaking strength 0000 copper trolley the brazes 000 
The speaker specifies that 0000 trolley shall pulled sag 
for 100-ft. spans 60° fahr., and several occasions 
enthusiastic line foremen have parted the trolley braze. This 
weakness the braze, however, acts safeguard the body the 
trolley, parting before the elastic limit the latter reached, and 
the brazes ordinary 0000 wire are not more than 325 ft. apart, the 
cumulative resistances the supports have little 
large between brazes. 
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Theoretically, the high pulling stresses used temperate weather mr. 


should result extremely severe stresses winter, but Mr. Lyford’s 
experience has been that others who have pulled trolley flat 
warm weather. long the tangents are not extremely long the 
trolley anchors are not too rigid, the contraction stresses are very 
largely absorbed the yield the poles. 

The splicing sleeve and special dead end (Fig. are doubtless ex- 
cellent, but the question naturally arises: Why not one the market 
types soldering sleeves for the first, and eye turned the trolley 
itself for the second, rather than special material 

the hanger, however, which really opens the critical ques- 

tion: uniform characteristic line. The trolley track well 
conductor, and soon speeds exceed miles per 
hour the former function becomes far the more important. Un- 
questionably, the absolutely rigid conductor, smooth, would give 
ideal conditions, but, the present time, the successful develop- 
ment has been the direction the flexible type. 
question whether the hanger shown the author will not 
its weight cause hard spots and consequent pantagraph troubles. 
There critical speed for any type pantagraph and hanger spac- 
ing which chattering the former harmonic with the time 
value the latter. Under such conditions, the blows the pantagraph 
increase violence until they lose step with the impulses, when they 
die down, leaving the trolley kinked each hanger. After number 
repetitions the trolley breaks. Incidentally, alternating-current 
systems, the rapid make-and-break contact tends set surges 
tremendous energy. 

obviate the hardness the hanger, there have been devised 
hangers, hangers sliding the messenger, clips sliding 
the hanger stem, dash-pots, and spring connections between hangers 
and clips. The most satisfactory kind known the speaker the 
compound type devised originally the Siemens-Halske Company, 
Berlin. built this company, main messenger carries from 
flexible-stranded wire hangers secondary messenger which the trolley 
wire hung short and frequent loops which allow the trolley 
rise without lifting the entire system, and the same time permit 
the operation the compensators which maintain constant tension. 
The New Haven’s modification has screw clips rigidly connected with 
the trolley and free slide the intermediate messenger, and relying 
the yield the intermediate give the desired flexibility, the clip 
coming midway between hangers, but not rising the intermediate 
messenger. 

The speaker would like know what, any, troubles have oc- 
curred from smoke deposits. Insulators close railroad tracks con- 
dense the locomotive exhaust, which always more less oily; the 
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wet surfaces gather carbon and other dust from the smoke, and with 
the carbonizing the oil because current leakage there formed 
coat unaffected wind water, which lessens the capacity the 
insulator very materially. Dr. Perrine, 1904,* noted that trans- 
mission lines were largely abandoning railway rights way loca- 
tions, for this reason; and the effect upon catenary insulation, much 
closer the source trouble, should be, and undoubtedly is, cor- 
respondingly worse. The speaker knows one installation where 
shield has been placed beneath the insulator, but rather too soon 
determine with what success. 

The steady brace shown excellent its kind, but the speaker 
prefers pull-off having flexible strand. Such pull-off can at- 
tached the down-curved end the bracket the curve large 
radius, but preferably fastened bridle strung between the poles, 
which latter must then the outside the curve. essential, 
however, that the hanger rod sufficiently strong stand the strain. 
Certain early types hanger were deficient this respect, and 
sharp curves bent badly. light curves undesirable use 
small sizes wire, but the strand used for sharper curves heavy 
that there unpleasant sagging. Mr. Gillette, the Washington, 
Baltimore and Annapolis, has cleverly overcome this difficulty split- 
ting the seven-strand cable for ft., serving the main wire 
with one the strands and leading one-half the remaining strands 
the top the hanger and the other half the bottom. 

The speaker would like know why the cross-span was put 
catenary instead simple suspension. 

The close-pole spacing curves, secure minimum deflection, 
much commended, and the point that the track tied place 
the poles well taken, particularly with such clearance 
this case. Not only does large deflection throw the wire well away 
from the center the pantagraph, but the inclination the latter, 
due the curve elevation, gives powerful horizontal thrust which 
tends push the trolley still further away, with likelihood actual 
movement off the pan. 

present the speaker knows entirely satisfactory substitute 
for wooden poles, but developments steel bridges and steel poles, 
connection with long spans, promise much. One the most interesting 
the pole types being investigated and developed, but not quite 
ready placed the market. the types actually service, 
the Archbold-Brady bridges, the Syracuse, Lake Shore and Northern, 
have proved very satisfactory. These bridges, channel and angle 
sections, carry 300-ft. spans heavy single catenary for double tracks. 
has been stated that the cost bridges, including concrete founda- 
tions, was only $800 more per mile than standard wooden pole con- 
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struction. the same line, frames made from angles back back mr. Harte. 
were used viaduct. Although these were satisfactory after the 
was installed, the structure was very flexible before was 

tied the messengers, and said that there was considerable dif- 

ficulty getting men work them. 

Abroad, the Semenza transmission lines are carried poles 
angles, back back, while the Siemens-Schuckert catenary installa- 
tions have had very interesting developments the way bridges 
and bracket poles light section. The Lancaster Branch the Mid- 
land Railroad, England, also has bridge which the same 
general type. would seem, therefore, that further development might 
bring out design low enough cost compete successfully with 
wood, particularly view the high maintenance cost the latter. 

While will generally agreed that ft. head-room under bridges 
most desirable for electrification work, the extra ft. 
secured New England without heavy expense, even the open 
country, while, the more thickly settled portions, property damage 
offers most serious bar. setting ft., however, for the standard, 
and working nearly this possible, one the serious overhead 
problems will materially simplified. 


speaker has been much interested Mr. Archbold. 
this paper, has had meet problems the same class. 
agrees with the author that reasonable-priced substitute for wooden 
poles for catenary work desirable, and believes that steel construc- 
tion can provided sufficiently low cost. Catenary and trans- 
mission-line -work require poles large sizes and good quality, and 
difficult procure such poles large quantities. 

The cost renewals wooden poles likely serious 
element maintenance the near future. The speaker familiar 
with two roads, not yet four years old, where sawed-pine poles were 
used, and about half the poles have either been renewed will 
require renewal the The cost such renewals, espe- 
cially where high-tension lines are also carried, course high 

and the work dangerous. Timber becoming scarce, and, while chest- 
nut poles seem have longer life the North, they are usually crooked 
and are also growing scarce. 

Mr. Coombs’ the speaker described some 
single catenary construction bridges 300 ft. apart, the Syracuse, 
Lake Shore and Northern Railroad near Syracuse, While 
now decided that the road operated permanently direct 
current with wheel trolleys, instead 600-volt, single-phase current, 
first planned, the bridges and catenary construction are used 
for 14-mile extension Phenix and Fulton. The bents the 
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tically before described. 

For comparison cost, the speaker would call attention Fig. 
Plate CXLI, showing standard wooden-pole construction double-track 
road, specified Mather, Am. E., under whose 
direction the catenary construction has also been erected. The wooden 
construction cross-span, using not less than ft. 8-in. top poles, 
with standard spacing ft. tangents. 

Fig. Plate CXLI, shows catenary bridge construction. Based 
item prices and records, the additional cost the bridges and catenary 
trolley over the actual cost the standard wooden construction shown, 
with ordinary trolley, $800 per mile double-track road. 

addition the statement made the speaker discussing 
Mr. Coombs’ paper, can still said that, thus far, there has been 
absolutely difficulty from side sway the 300-ft. spans. was 
stated that time that there was yet doubt whether not the 
line would prove too stiff the vertical plane. There was some 
difficulty the hot weather, and was observed that part the 
line which the hangers were 20-ft. centers experi- 
ment worked better than where they were placed 10-ft. centers. 
was determined, therefore, one step further, and that the new 
construction should have the hangers placed 30-ft. centers, and 
that enough hangers should taken off the first section give them 
the same spacing. Experience proves that this much better. Stand- 

ing the rear platform the car, and holding the trolley rope, 
considerable chattering could felt when the spacing. was ft., 
and, with heavy car, considerable arcing could observed the 
trolley wheel. With the 30-ft. spacing, slight rise and fall the 
trolley wheel can noticed holding the rope, but there chat- 
tering effect. 

The Ohio Brass Company’s insulators, sister-hooks, rods, and 
Detroit clamps used the first construction will used the 
extension. There was question whether the use the porcelain 
insulators should continued, but there has been difficulty from 
the breakage these insulators, and the composite trolley insulating 
materials deteriorate time, Mr. Mather decided make change 
the type insulators, although, the maximum, the voltage will 
600, direct-current. 

the operation work trains steam railroads, the 
company has found the same difficulty described the author. 
Frequently, only from hours’ work day can obtained from 
work train with the linemen assigned it. The charges for con- 
struction trains run from $25 $50 per day, and the payroll the 
construction may easily much more. Experience shows 

that much work possible should done independently the 
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train. will necessary, course, deliver bridges, poles, Archbold. 
and string out the wires from trains during the day time. Where 
heavy road, would perhaps economical set the 
hangers night, and better and more economical results can 
obtained, after the wires are strung, pulling them with ropes 
and blocks, with team hand. 

The use dynamometer stringing wire has not seemed prac- 
ticable, the speaker’s experience, and the best results have been 
obtained sighting the wires and using sag table with proper 
corrections for temperature changes. The large difference initial 
strains pulling the messenger cable, mentioned the author, are 
not important the work the bridges with 300-ft. spans, 
there are, course, fewer points support make friction the 
wire, and the bridges are more stable than bracketed poles. the 
work mentioned, use was made pulleys, which were attached the 
top chords the bridges, and over which the messenger cables could 
run. Even with this plan, there would some difference 
initial strains, but, course, would reduced minimum; 
and, permit the spans equalize, the messenger wire should not 


tied until the expiration day, or, preferably, two three days, 
after strung. 


Varney, Esq. (by Mr. Lyford’s Varney. 
statements regarding the rapidity with which the construction work 
was carried out the Denver Railroad, his final 
rough estimate—$3 500 $5000 per mile single-track construction 
—appears high. This, however, says, probably due 
largely interruptions and other contingencies affecting the labor 
item. would interesting know what the author’s estimate 
would under the same conditions, providing regular service had 
maintained during construction, as, for instance, new road. 

Referring the question sag the messenger cable and trolley 
wire, the author undoubtedly correct his idea having the 
trolley wire and messenger cable taut all temperatures, but would 
seem that 2000 Ib. 100° tighter than necessary. The diagrams, 
Figs. 10, indicate conditions which appear entirely prac- 
ticable. these curves the tensions the messenger cable correspond 
the load produced trolley and hangers. Europe, where 
tension devices are used, may noted that tension 
about 1100 Ib. maintained wire little less than 000 size. 

believed that the pole spacings are rather closer than are 
actually required keep the wire the pantagraph contact. the 
case new road, undoubtedly best limit the “stagger” 
first until the roadbed has settled, but afterward more deviation than 
that given Table believed safe, and will result longer 
life the shoes. would interesting know the length life 
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pantagraph shoe the Denver and Interurban Railroad. Devia- 
tions least in. each side the center should safe 
for shoe ft. long the flat portion. 

The question grounding the bracket arms one which 
deserving careful consideration. cases roads with two 
more tracks; where the lines may broken into comparatively short 
sections; where the traffic may diverted other tracks, while one 
tied for repairs; and, especially, where the necessity for great 
stability and long spans demands steel supporting structures, 
grounded support for the insulator not objectionable. 
cases, however, automatic devices should used order isolate 
the grounded section and not tie system when 
insulator breaks. The case different, however, for single-track 
road without automatic sectionalizing devices and with little attend- 
ance. Broken insulators are now being replaced some roads, with 
600 volts the line. 

believed that would pay investigate methods impreg- 
nating wood poles order make them weather-proof and also fairly 
good insulators. every pole ft. good insulation being 
wasted, and this, case broken insulator, should suffice keep 
the road operating until the insulator can replaced. 


evident from this paper that one the main objects the care used 
the erection trolley lines obtain perfectly level trolley, 
eliminating sag and swaying. 

eliminating sag smooth-running pantagraph high speeds 
obtained, and, eliminate this sag, frequent trolley hangers are 
necessary. Reference has been made the fact that certain 
considerable vibration set the pantagraph which causes 
hammer the wire with considerable force, and Mr. Harte mentions 
trolley wire which was badly bent its support from this very cause. 

evident that this vibration induced when the rate passing 
the trolley hangers the same the rate vibration the panta- 
graph and its springs, some multiple harmonic it. 

Since, from its present construction, the pantagraph has inevitably 
rate vibration, occurs the writer that vibration the panta- 
graph would never started the trolley hangers, from the messenger 
wire the trolley wire, were placed regular rate passing 
them would ever occur. 

This can readily accomplished spacing these trolley hangers 
such irregular they will fail pass the pantagraph 

Care should taken that this variation spacing not made 
fixed regular variation, higher vibration might set 
what one might call overtone, and give rise objectionable hum, 
worse. 
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Murray, (by paper has naturally brought mr. Murray. 


the writer’s mind the allied features common the New Haven 
electrification. is, course, noted that there wide dis- 
similarity between the form construction adopted the New 
Haven system and that described the author. Both, however, are 
tied common factor, namely, the frequency, phase, and voltage. 
and although, even here, certain detailed electrical operating condi- 
tions are not entirely similar, the closeness the relation may make 
valuable the citation some experiences the New Haven system. 

The writer approves heartily the methods relative construction 
the field, well described this paper. Doubtless Mr. Lyford has 
found out that the work train the “heart-wringer” the operating 
department. requires the highest order intelligence control 
its movements, and the labor connection with paramount. 
most important that the work-train organization character 
insure the maximum possible number work-minutes during the 
day and the least number minutes interference with the revenue 
train schedule; the roster each man’s time must laid out 
previous schedule, and not arranged basis the field. 
reviewing the time rates Mr. Lyford has mentioned, concerning the 
erection poles and brackets, would seem that just such perfec- 
tion work-train schedule had been secured. The cost labor can 
jump factors two, three high four times the 
minimum every care not exercised the outlay the time and 
the location the work-train service. Again, emphasis should 
placed the necessity the contractor remembering that the train 
despatcher can either his best friend his worst enemy, and, the 
latter, can easily forgiven, there nothing that makes such 

Mr. Lyford’s summation the several railroad companies who have 
trains under electrical operation have framed definite plans for their 
operation electricity great interest, and the fact that, out 
the number mentioned, 50% have chosen single-phase electrification 
proves the directional tendency the new art. Many have already 
grown gray-haired over the period which car train propulsion has 
been obtained the direct current, and, indeed, all may proud 
the splendid achievement and the degree perfection secured this 
form propulsion. matter fact, its very limita- 
tions have been the cause its perfection, and the new art may 
seen this high notch direct-current perfection, the starting point 
for greater attainments secured the application single- 
phase traction. 

There little pleasure the realization prophecy the 
writer felt sure would fulfilled, namely, the approval the 
Service Commission the high-tension wires erected the 
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right way the New York Central Company within the limits 
the City New York. the recent decision Commissioner Eustis 
may found just and careful reasoning. The greatest argument 
against the use high-tension wires within city limits prejudice. 
Analyze prejudice and invariably the fibers its structure disintegrate. 
Officials who are above prejudice, and judge situation absolutely 
its merits, must constrained decisions which the public and 
the railroad company’s are fairly equated. strain 
conscience discernment realize that frequently the railroad’s 
interest the public’s interest. 

The writer fears that deviating slightly from discussion 
this paper, and yet Mr. Lyford says: 


“The principal merit the single-phase system lies the ability 
operate high voltage with single overhead conductor, and, 
therefore, transmit power long distances with minimum number 
sub-stations and minimum quantity copper. These arguments 
apply particularly trunk-line operations, and this system, 
appeals especially the managers and engineers large railroads.” 


Concerning the use trolley wire versus hard-drawn 
copper, the writer cannot quite agree with Mr. Lyford the reason- 
ing which arrives the unimportance its low conductivity, 
virtue the higher resistance the steel rail the path the 
the writer would rather led the necessity keeping out 


any further extra resistance. quite true that, the introduction 
this higher rail resistance, the percentage drop the overhead 
wire the total circuit drop less, but the total and not this 
percentage which the greater importance. However, notwith- 
standing this reasoning the contrary, between the two wires, the 
writer favor the choice made Mr. Lyford the use the 
phono contact (conductivity being supplied other means), 
for, such, experience indicates that, though always higher cost 
per pound, not only cheaper than copper, its life more than 
twice long, but its reliability and resistance fracture also one 
its marked advantages. 

return the form construction described the author, its 
successful operation dependent entirely the speeds made. 
such speeds have obtained the New Haven tracks are 
negotiated Mr. Lyford’s line, the writer would prefer the form 
suspension the New Haven road has recently adopted. un- 
questionably more expensive that the type described Mr. Lyford, but 
fulfills one the requirements laid down him under “sufficiency,” 
with which the writer full accord, namely: 


“High-voltage catenary work cannot receive the close daily inspec- 
tion the track-walker, and, because this so, there the greatest 
necessity for thoroughness and permanence the construction.’ 


7 
4 


interesting details, and later the writer hopes able 


There perfect analogy between catenary form overhead Mr. Murray. 
trolley construction and regular highway suspension bridge. 
highway bridge the suspension type built, the engineer first 
asks what its traffic density; how many car tracks are 
laid it; how many wagons are permitted pass; what load 
mercial duty the bridge? obtained this information, 
then designs the cables and general members the bridge, and finally 
the floor, the latter usually being cheap and quickly and easily replaced. 
The electrical engineer likewise wants know something about the 
traffic his bridge. will certainly want know what the current 
density be, and, with this information, must design sufficiently 
strong cables hold his copper conductors and take care the 
traffic; and, finally, why should not design the floor his 
bridge, namely, the cheap easily replaceable iron wire? Can not 
agreed that electrical engineers have been making the mistake 
running the members instead the floors their bridges, and thus 
slowly, but surely, decreasing the (current) traffic capacity their 
structures. the engineers the highway suspension bridges were 
run the members their structures, the bridge would soon fail; 
thus, the use the auxiliary wire, one approaches, does not 
reach, state the electrical art which has for its guarantor many 
years mechanical experience. 

The relative life phono versus steel wire one the most ab- 


offer some statistics which may valuable those engaged elec- 
There more important link the distributing system 
than the contact wire. Next the traffic rails, the most abused 
piece metal exposed, and deserves high order consideration. 
The writer agrees most heartily and earnestly with the author his 
statement that hard spots the catenary construction should 
eliminated. Indeed, they make inoperative high-speed line, and, 
considering the hard spots individually, the writer would name, the 
order their degree menace high-speed operation, deflectors, 
section breaks, and hangers. Engineers have eliminated the hard spots 
due the hanger, and are studying how eliminate the others. 
happy provision that the two latter are comparatively few com- 
pared the first named. The writer has every reason believe that 
the same success obtained cushioning the hard spots, due hangers, 
can secured the proper design steady strains, deflectors and 
section breaks. any one these classes construction ad- 
herence the general form line construction should followed. 

alizing distances. Actual operation has proved the advantage this 
distance, and, although originally sections averaged miles length, 
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Mr. Murray. 


Mr. Coombs. 


some instances, this distance now increased the figures above 
named. 

interesting note the figures, mentioned Mr. Lyford, cov- 
ering single-phase electrification; the writer able vouch for their 
conservativeness. The careful record expenditures made, date, 
upon four-track electrification has presented distribution costs 
most interesting study. The entirely successful experience under- 
gone the past year with the cross-catenary form construction 
the East Portchester yard, where many ten tracks are spanned, 
strengthens the writer’s previous belief that the future this form 
construction wili have excellent application roads having four 
more tracks, upon which occasion believes the cost electrification 
per single track will considerably below the figures named Mr. 
Lyford. 

the trolley splicing sleeve shown Mr. Lyford, the following tests 
recently made during the installation the experimental line the 
Pennsylvania Terminal and Tunnel Railroad Long Island, may 
interest. 

account the small vertical distance between the secondary 
messenger and the trolley wire, compact splice was required, and four 
samples were made and tested. 

TROLLEY WIRE SPLICE GROOVED COPPER 


Make Rolled Brass,and,after drilling, 
machine dimensions shown 


Fie. 11, 


The first sample was identical with that shown Fig. the second 
was like the first, except that the bottom surface was rounded; the 
third and fourth were shown Fig. 11. was the intention 
solder short lengths 0000 grooved trolley wire each sleeve and 
then test them destruction tension machine. attempting 
solder the first and second samples, the material cracked along the 
middle the bottom surface for distance about in. from the 
end. The third and fourth samples were soldered without difficulty, 
using 0000 hard-drawn grooved copper wire for the former and 0000 
medium-steel grooved wire for the latter. 

No. soldering. 

No. 2.—Cracked soldering. 

No. 3.—0000 copper, 630 ultimate strength, 000 per sq. in. 

No, 4,—0000 steel, 630 Ib. ultimate strength, 000 Ib. per sa. in. 
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splice. Two additional pieces the wires used were tested and gave 


substantially the same results, showing that injury was done the 
wire soldering. 

planing off the upper corners, shown Fig. 11, the speaker 
attempted lessen the weight the splice and obtain possible some 
slight elasticity the ends the sleeve. would appear, from these 
tests, that the removal this unnecessary material tended prevent 
unequal contraction and cracking. 

stated Mr. Lyford, intelligence and experience are needed 
the design overhead material, and the cost time spent 
developing workmanlike designs will saved over and over again 
the field. Not only the simplicity each aerial erecting operation, 
but also the number operations, must considered. Assuming that 
given catenary detail mechanically able perform its function, 
that will not interfere with the desired elasticity the line, and 
that induces minimum aerial work, will still undesirable 
unless free from wear and corrosion. 

This question maintenance deserves more careful consideration. 
lines little traffic repairs may possible reasonable cost, but 
not believed that the average operating department would view 
with composure the need for much work-train service busy line. 

The life galvanized material exposed the elements loco- 
motive gases, both, subject upon which there great 
difference opinion among engineers. fact that galvanized 
material cannot withstand the atmosphere the coke regions for even 
short period, there would appear urgent need tests before 
galvanizing alone, conjunction with carbon deposit from the 
locomotive exhaust, accepted sufficient protection. Further, the 
value the usual tests galvanized material open some sus- 
picion, the application minute quantity grease will enable 
rejected sample pass the test. 

The speaker the opinion that longer spans and fewer supports 
are desirable. stated previous paper,* the multiplication 
posts near the tracks objectionable appearance, increases the risk 
from derailments, interferes with the view signals, and subject 
considerable discussion measure economy. 

Theoretically, the cost the material between the supports 
relatively low, much longer spans would economical. The principal 
objection long spans founded upon the possibility lateral dis- 
placement wind. This undoubtedly possible, but, the speaker’s 
opinion, has been given undue importance various designs; 
fact, believes that even the 300-ft. spans recently installed two 
roads the United States might have been increased with advantage. 
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PAPERS AND DISCUSSIONS 


This Society not responsible, body, for the facts and opinions advanced 
any its publications. 


THE HYDRO-ELECTRIC DEVELOPMENT AND 
TRANSMISSION LINES THE CANADIAN 
NIAGARA POWER COMPANY. 


Discussion.* 


Parker, Assoc. Am. Soc. E.—This paper gives 
very vivid description one the most finished hydro-electric plants. 
The Society and the profession are congratulated that such ex- 
cellent detailed drawings, photographs, and information are 
obtainable. 

Some slight additional interest attaches this paper when viewed 


Mr. Nunn’s paper was descriptive the Ontario Power Com- 


pany’s plant, which quite closely contiguous that the Canadian 
Power Company. Familiarity with these two plants, and the de- 
indicate along what diametrically different lines two de- 
velopments similar degree excellence may developed. 
interesting note how, from the fundamental character the loca- 
tions the two plants, entirely different emphasis detail has been 
impressed upon the designs. Where one plant developed with 
wheel-pit and tail-tunnel, the other built the open, the river 
gorge, with but short tail-races and very long supply flume. One 
plant uses vertical-shaft turbines and generators with elaborate oil 
pressure and lubricating systems, the other uses horizontal-shaft units, 


This discussion (of the paper Van Cleve, Am. E., printed 
ceedings for August, 1908) printed Proceedings order that the views expressed may 
brought before all members for further discussion. 

Annual Convention the American Institute Electrical Engineers Ashe- 
ville 1905. 
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but rudimentary lubricating system. One plant represents highly 
concentrated development, the other geographically extensive layout. 
one case protection from ice less nearly automatic than the 
other, but, the same time, has involved materially simpler intake 
works. one case control the operation and the electric cir- 
cuits entirely the power-house, the transformer station being 
quite subordinate; the other the transforming station becomes the 
seat control. will interesting, time advances, note the 
operation these two most excellent plants with reference the 
numerous points dissimilarity the detail. 

discussing the dimensions the draft-tubes, the author, refer- 
ring the high discharge velocity ft. per sec., suggests the utiliza- 
tion this velocity imparting the discharge water part the 
velocity required the tunnel because the angle made the draft- 
tubes with the tail-race. The speaker would like inquire whether, 
gradual enlargement the draft-tube just before enters the 
tail-race, and especially making the enlargement the down- 
stream side, much the shock would not obviated? There are 
doubtless adequate reasons why this has not been done, but seems 
that great portion the velocity head would recovered the 
impact. 

The formation the inlet and outlet casings the turbine are 
much interest. seems rather surprising that such large units 
the manufacturers should have designed casing which 
flow and from the runner must, necessity, clockwise some 
parts the casing and counter-clockwise others. must in- 
volve either additional work the diffusion vanes and special con- 
struction the various vanes around the periphery, considerable 
shock the inlet and discharge, and would seem involve neces- 
sarily the localization the flow into the runner. contrasted with 
this form interesting note the vortical type some- 
times used, both turbines and the inverted form the turbine— 
the centrifugal pump. Unquestionably, view the vast and uni- 
formly creditable experience the manufacturers, these details have 
been provided for, but would interesting know what means 
have accomplished these ends, whether they have been sacrificed 
other and more important desiderata. 

would interesting, also, inquire what provisions con- 
siderations design have been brought bear the matter 
acceleration and retardation the discharge tunnel. Ordinarily, 
very considerable reactive effect the governors might expected, 
when, owing the sudden closing the gates, the tail-race discharge, 
under its momentum, tends lower the water level the race, increas- 
ing the head and thereby offsetting part the operation the 


both members the unit being contained the same room and with Parker. 
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piling water the tail-race. With designs certain charac- 
ter this might expected cause racing augment the duty 
required the governor. The throttling gate the lower end the 
tail-race this plant, course, tends minimize such difficulties 
the closure the wheel gates, which the more severe condition, 
but, the other hand, the less severe condition opening, 
would augment any such tendency. seems quite probable that 
this particular case the balance the effect from the throttling would 
favorable rather than otherwise. 

The transmission structures are novel and striking many details. 
The construction would seem remarkably simple one, easy 
erection and maintenance. One detail particular seems most 
excellent, and that the comparative ease with which the cross-arms 
can swivel the top pipe, relieving the structure otherwise 
unsupportable strain, longitudinally the line, case breakage 
one cable. interesting notice also that provision has ap- 
parently been made for carrying overhead grounded for 
lightning protection. would interesting know whether this 
has been installed, and, so, what conclusions the power company 
has arrived with reference the value such protection. 


galvanized and painted structures, the speaker believes that. 


the balance favor with the former, especially where two circuits 
are carried one line poles, rendering repainting without inter- 
ruption service difficult matter. Some time ago, preparing 
figures with reference this point, the speaker found that certain 
structure, which would cost paint galvanizing could done 
for only $11. The experience windmill manufacturers has been 
that hot galvanizing, properly applied, will easily last practically in- 
tact for years, that the cost repainting during this period 
would probably exceed the initial cost galvanizing. 

With reference the span, has been found quite feasible 
several transmission lines 550 ft., and this span will doubt- 
less exceeded with the advent higher voltages and more costly 
insulators, especially where the latter are made the underhung type. 
the other hand, course, upper limit must speedily reached, 
especially with aluminum cables, because the sag the latter, markedly 
the smaller. sizes, rapidly increases with the span, and the tower 
cost goes even more rapidly the height increased. 
recently placed the speaker, using aluminum cir. 
mils, was found necessary use sag 24.5 ft. when stringing 
summer temperatures span 550 ft. This involved tower 


ft. height and necessarily fairly heavy construction, the width 


the right way and the permissible tower base was restricted. 
The manhole and duct construction shown Fig. striking 
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contrast the ordinary construction adopted distribution com- Mr. Parker. 
panies, and perhaps would economically impossible for such pur- 
poses. emphasizes one fact, however, which ordinarily has received 
all too little and that the impossibility getting 
rid the heat produced the center large block ducts. The 
speaker believes that time progresses even the small distribution 
companies will learn that such not good. 

Much speculation has been indulged with reference the swing- 
ing transmission cables result gusts wind. Experience 
has proven that large spans supported towers the cables swing 
synchronously, owing probably the forced vibration produced 
the reaction one cable the other through the more less elastic 
tower. The Niagara River crossing, however, presents modification 
the ordinary condition that the cables are not rigidly attached 
the towers, and hence are not likely communicate the towers 
the elastic stress produced the wind. fact, the whole philosophy 


the counterbalance weight keep this stress—or the vertical 
dip the cable—constant. would interesting know whether, 
this crossing, the wind strains have been felt uniformly all the 
cables, permit synchronous swinging and hence eliminate 
the danger lines coming into contact. 
its congratulated this very interesting and valuable paper. The 
Canadian plant appears resemble that the New York side 
many particulars, but differs from the latter many ways that 
Mr. Van Cleve’s description forms very desirable addition the 
Mention made the market for the electric current, and, 
addition its uses comparatively near localities, now trans- 
mitted far east Syracuse, distance 150 miles, where 
operates the entire street-railway system. Current also supplied 
about half the electrified portion the West Shore Railroad 
operating between Syracuse and Utica, which makes the total distance 
transmission nearly 175 miles. 
The “creeping” “moving” the walls the wheel-pit very 
curious phenomenon and, Mr. Van Cleve prepared give further 
information, would interesting learn satisfactory cause 
has been assigned. How much have the walls moved since the com- 
pletion the excavation? expected that the creeping will con- 
tinue, and so, what rate; and did similar creeping take 
the plant the New York 
With reference the method excavating channeling the sides, 
idth was the central core afterward blasted out? Figures cost excava- 
tion this method, the author liberty give them, would 
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Mr. Colling- Am. Soc. (by these days 
unrest, would seem that conclusions any realm thought 
observation are firmly established but that some acute thinker 

will bring forth arguments prove their unsoundness. 

This the case this interesting paper, but, while acknowledging 
the force the arguments advanced, the writer unable accept 
the author’s deductions whole. 

Four propositions are given, covering the ordinarily received 
opinion the effect forests stream flow. 

The first these relates the effect the humus acting 
sponge which absorbs the rain and melting snow and pays out the 
water more equable flow. The word, “humus,” does not fully 
cover the point involved, consideration must taken also the 
sponge dead leaves, and, many the great depth moss 
growing upon the surface. Then, helping marked degree 
resist soil erosion, the matted roots forest must not overlooked. 


ceedings for 1908) printed Proceedings order that the views 
may brought before all members for further discussion. 
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These are particularly important the case thin soil cover resting Mr. 
sloping rock. Observation would seem show that the young growth 
does not fully take the place large trees, particularly such 
locations. 

must admitted that time extensive and heavy down- 
pours rain, when the ground practically saturated with moisture, 
the effect forests regulators stream flow minimum; but 
not believed that ever entirely without effect. rivulet 
which can run straight its destination one thing; but rivulet 
which constantly twisting and turning about obstacles all sorts 
can never attain the eroding effect the first. 

The author grants that, periods drought, springs and streams 
dry more completely when country deforested, which another 
way saying that forests do, measure, regulate the run-off. 
bearing upon this point, was the writer’s good fortune, about fifty 
years ago, listen series lectures the noted geologist, 
Professor James Hall. stated that, his memory, the removal 
the forests from large sections the State New York had resulted 
drying large portion the springs formerly abundant. 
This was especially noticeable the removal the watering troughs 
which had been numerous along the roads. This coincides 
with the writer’s memory Chemung County, that State. 

The next point controverted the author that forests regulate 
the flow retaining snow, which slowly melts later period, and 
thus replenishes the streams. reply this: the writer well remem- 
bers that, the woods the hills near Elmira, Y., the drifts 
remained unmelted long after every bit snow had disappeared from 
the cultivated portions the valley. was common remark that 
there was enough left add perceptibly the flood usually expected 
June. Exposure and the kind forest may have had something 
with this, but the fact remains. 

Passing the third proposition—that forests increase the precipi- 
tation moisture—it not, believed that this idea now 
any extent meteorologists. While admitting this, does not follow 
that they have effect upon storms. Probably person would ques- 
tion the statement that chain mountains causes most the 
moisture the clouds deposited their windward side, that 
the rainfall always greater there, and less the opposite leeward 
side. this true, are not forced believe that belt forest 
must have similar effect, but less degree? 

When there nothing deflect them, the several moisture-laden 
currents air tend travel parallel each other. Let them meet 
forest, and the lower current deflected upward, and, mingling 
with the upper, causes the formation clouds and rain. 

The contention, then, that forests tend cause more uniform 
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Mr. Colling- distribution the rainfall, lessening the mighty downpour and giving 
wood, 
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more frequent gentle showers; with this would follow fewer severe 
winds and amelioration the climate. probable, also, that 
forests act electrically induce precipitation, restoring equilibrium 
between earth and clouds. 

The author’s fifth conclusion summing that “Soil erosion 
does not result from forest cutting itself,” and that “The natural 
growth which always follows the destruction forest fully 
effective preventing erosion.” 

The writer’s contention is: That forest destruction always fol- 
lowed more rapid flood discharge, consecutive increase the 
flood volume, diminution the low-water volume, and greatly in- 
creased erosion the banks and damage the flood plane the lower 
reaches every stream. His opinion based largely his life-long 
knowledge single river, having been born 1839 Elmira, 
Y., the banks the Chemung. The conditions his boyhood 
days were these: The stream had fairly uniform width; the banks 
were largely grassed; the channel was comparatively uniform; there 
were very few bars, and all through the summer there was good 
flow water.* 

May 1889, and the following day, there was freshet, 
exceeding height any previously known, this being the result 
very heavy and extensive rain. The writer was employed make 
examination and report upon the best method protecting the City 
Elmira against such floods. 

careful survey was made about three miles the river, with 
cross-sections every 100 ft., these being carried entirely across the 
flooded portion the valley. 

Having lived elsewhere for about years previous this, the writer 
was amazed the extent the changes the stream. one point 
had widened from about 600 about 1300 ft. through this 
portion there were bars covered with black alder, and the south 
bank there was matted mass alders, some places 100 ft. wide. 
early days there were alders, and the land that had been cut 
away was rich and arable. 

other points, over considerable areas, every particle mould 
had been washed away, down the hard clay, and the whole region 
was covered with coarse weeds. 

previous survey another portion the river, dry time, 
the stream practically disappeared its gravelly bed. gentleman 
living the Susquehanna, Wyalusing, told the writer that his 
lands along the river, which used consider the best parts his 


This whole region, including the head-waters the streams forming the Chemung. 
had been heavily wooded, and the cutting and rafting pine lumber. for market the 
Lower Susquehanna, formed one the chief industries for Rafting ceased 
somewhere the early Fifties. but lumbering and the cutting hardwood for ties, fuel. 
etc., have continued the forest destruction. 
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farm, were now cut and gashed the freshets that they had largely mr. Colling- 
lost their value. Any person riding along one the railroad lines 
through the valley can see the damage done the river, often 
points considerably distant from its main channel. These devastations 
seem increasing, and records the flood heights, kept for 
many years Elmira, indicate tendency the floods higher 
the years roll on. 

the writer’s mind, the cause very plain. One the streams 
heading into the Chemung very steep, and, when the heavy woods 
were cut from its bank, the flood-waters were more rapidly concen- 
trated and poured into the main stream, that the time required 
for the flood from heavy rain reach Elmira was very much 
shortened. The writer’s recollection that this time was reduced 
one-half. The other two streams did their quota damage, but not 
the same extent. this true, the conclusion irresistible: that 
the forests act powerful conservators and regulators stream 
flow. 

The conclusions seem sound from another point view. 
stream flowing for centuries, having uniform regimen, with 
fairly uniform section and smooth banks to, say, years ago, 
showing, that time, but few signs destruction from floods. 
Within years there complete change, and beautiful stream 
transformed into irregular, wilful, destructive thing. 

the cutting the timber did not it, what was it? 


(by letter).—This paper covers the sub- mr. Roberts. 
ject very broad and comprehensive manner. 

curious thing that, relation forests and stream flow, 
the river engineers seem arrayed small but compact body 
against “popular opinion.” must remembered, however, that 
the engineers concern themselves only with large areas and navigable 
rivers, while the views their opponents, the great majority 
cases, are based upon observations restricted areas and small streams. 
might contended that collation the reports from multitude 
such local observers should the most trustworthy basis for 
national legislation bearing upon the improvement rivers, yet 
may questioned whether this conception not erroneous one. 

1885 the writer was invited address the American Forestry 
Congress its Boston meeting upon text similar that adopted 
the author. was warned the Secretary the Congress 
that was woful minority; fact, almost lone man, but never- 
theless the Congress would pleased entertained with his 
theories. His paper enunciated but simply presented cer- 
tain records navigable rivers, American and European, which ap- 
peared show nothing support the idea that floods were increas- 


Civil Engineer, Office, Pittsburg, Pa. 
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Mr. Roberts. ing height and frequency, that the low stages had less discharge 
and were more protracted, account any works man. The 
Congress was informed that perhaps the common belief that the whole 
was equal the sum all its parts was proposition after all not 
without exception, as, for instance—to refer extreme cases—the 
discharges the Colorado and Rio Grande Rivers times make 
but fractions the united volumes their respective upper tribu- 
taries. 

recent meeting, speaker, after referring the destruction 
timber the girdling process, leaving the trunks decay uselessly 
then, rose the climax his argument, and said: 


“Again, every man knows how the late spring the roads the 
open country may firm and dry, but upon entering the forest one 
sure find pools water and deep mud holes. This, gentlemen, 
illustrates the utility forests, and the whole story nutshell: 


the open country dried and the forests abounding with countless 
‘miniature reservoirs.’ 


was not the whole story, however, for, later the season, the 
same region, pedestrians might have been seen hastening toward the ad- 
joining forests escape drenching from the summer rain squalls. Still 
later, during the recent drought Western Pennsylvania, beneath the 
shade trees might have been seen corn actually dead for lack 
moisture, while the corn ft. distant, the same rows the open 


field, while somewhat wilted, still lived and filled its ears with 
medium crop. There might also have been seen the forests saplings 
here and there beneath larger trees with their leaves dried and 
falling off. great, apparently, was the draft the tap roots 
the big trees for water that moisture whatever was left for depth 
several feet; otherwise the saplings would not have withered 
they did. 

might asked, the forest, its usual late winter and spring 
condition, with its “miniature reservoirs” full overflowing, capable 
holding back more water from later rains than the dry open country, 
described the speaker referred to? Or, when comes pro- 
tracted droughts, are the forest areas contributing more water the 
streams than equal areas deforested country under similar condi- 
tions soil composition, depth, and slopes? Writing 1838, his 
first report the Monongahela Navigation Company, the late 
Milnor Roberts, Past-President, Am. E., the company’s engi- 
neer, states, reference the drought that season, that all the 
tributaries the river between Brownsville and the mouth the 
Youghiogheny River, distance about miles, were dry their 


mouths, and again the same thing occurred 1895 and practically 
true this writing.* 


While true that the Upper Ohio, about October 1908, was lower than officially 
known since 1838, reported from East Liverpool, Ohio, that the Indian picture writ- 
rock ledge that place was not yet completely bared. 
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appears that Colonel Chittenden must correct his assump- Mr. Roberts. 


tion that, for the extremes high floods and low water, observed 
our navigable rivers, forests exert appreciable control. For the 
intermediate, what might termed summer, freshets, there ap- 
parently some reason think that forests have measurable influence 
reducing their height and prolonging their discharge, and this state- 
ment may hold, notwithstanding that less rainfall reaches the earth 
forests than open country. The fact perhaps indicated for 
the Ohio Table 2—for freshets not exceeding Table 
the months June and July—when the mean freshets was 
ft. higher the second than the first period. For the coal-boat 
stage—10 ft. more—during the first period, the annual duration was 
57.8 days; for the second period, was 58.9 days. Doubtless the ex- 
cessive rains recent years will account for the difference the 
higher stages. Speculations, however, regarding the Pittsburg river 
records connection with forests, must received with caution, 
view the fact that eight the counties the Allegheny River 
water-shed, during the decade 1890-1900, there was decline more 
than the rural population, that is, exclusive boroughs and 


villages, many one-time mountain farms being now covered with young 
trees brush. 


TABLE Mean Days THE Onto River 
BURG REACHED THE INDICATED STAGES THE PERIOD SHOWN. 


1881-1907 


10.85) 
13.66 


7.44 


Table shows the number rises the Ohio Pittsburg, 
months, reaching exceeding and 20-ft. depths, from 1855 


Note for Table 2.—Some confusion stages below ft. since 1885—upon completion 
the first dam the Ohio—has resulted from attempts conform the readings below the 
dam the old Pittsburg datum; hence too much importance should not attached 
differences shown the table for periods when the river was below ft. 


Note for Table 3.—But for remarkable flood, reaching ft. September, 1861, the 
means the two periods for that month would have been much the same. 


ak 
7 
q 
7 
1 


Mr. Roberts. 


1296 DISCUSSION: FORESTS, RESERVOIRS AND STREAM FLOW [Papers. 


1907, inclusive. The table shows that the winter storms January, 
February, and March were much more frequent the second than 
the first half period. forest influence appears indicated for 
the leafy months, fact contrary the common impression. 


Mar. 


4.42 5.06 5.98 5.64 4.31 3.50 2.61 2.04 1.75 2.08 8.07 4.15 
| | 
TABLE 


Period. 


R R 3 R R R ~ R = & 


First 
(1855-1881). 


WINTER 
Period. 
ft. ft. ft. ft. 
First 
Second 


Since there has been marked change forest brush- 
covered areas about the heads the Ohio; while, during the winter 
and early spring months, covered the second period, storms from 
the Gulf Mexico, traversing the well-worn storm trail via Vicks- 
burg, Chattanooga, and Charleston, Va., have, for some occult 
reason, reached Pittsburg with unprecedented frequency. 

the case “cloudbursts,” storms the tornado type, which, 
very narrow paths, few will dispute that dense 
forest, the discharge, even for brief periods, the small 
streams they cross follow, may reduce their flood heights. is, 
however, from such limited areas, apt struck violent storms 
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once from years only, that reports come that are made the Mr. Roberts 


basis arguments applicable large rivers. The worst known storm 
this nature, which deluged some the suburbs Pittsburg 1874, 
raising two small runs ft. depth and destroying more than 
200 human lives, affected the depth the Ohio only about ft. Hence 
important differentiate the storms producing floods 
small streams and navigable rivers, Colonel Chittenden intimates 
necessary for complete elucidation the subject. 

his treatment co-ordinate topics, such effects forests 
rainfall, dew, evaporation, erosion slopes, silting rivers, and 
soil wash, Colonel Chittenden may assailed some who will differ 
with him opinion. mistake, however, assume that those 
who endorse the author’s views are antagonizing forest culture. 
abler exposition, perhaps, the importance and value the forests 
has been presented than can found his résumé. asks, how- 
ever, that the new forests planted convenient the markets near 
the homes the people. not wanton destruction the part 
the mountaineer girdle the trees make room for his corn and 
buckwheat crops, for gladly would part with the biggest the 
tree trunks for pittance, but offers are made him because the 
cost transportation stands the way. 

So, while all have the same love for the trees, business con- 
siderations are very rude times with our sentiments. may hold 
all the trees, the Indians did, without business; but, without 
continued business with the trees, cannot make homes for many 
more modern Americans. Yet, without more those trees cut, 
what done for homes the future? The problem indeed 
vast one, well worthy the attention the governments, National, 
State, and Municipal. Confronting us, however, there are other 
problems, not connected with the timber question, especially that 
transportation our inland waterways, but, long contended 
that transportation and the forest problem are the same category, 
long will the public mind confused conflicting statements and 
arguments, and long will decisive action delayed. 

for the silting our rivers, complaints regarding not 
emanate from navigators, least the Ohio. The writer, young 
man, lived for four years engineer steamer that river 
charge the construction dikes wing-dams, surveys, etc., and 
upon inquiry has been assured that, any changes conditions 
navigation have occurred during the past forty years, they have been 
for the better. great rise from the Cumberland and Tennessee Rivers 
backwater effect may cause the deposition much silt the 
main stream, noticeable times for 200 miles more, but eventually 
comes current amply competent restore the channel its former 
condition. From end end the great river has this reserve energy. 
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The theory the effect that with afforesting the regions about the 
head-waters there will result such clarification the waters that the 
river will cease silt bearing, receives scant courtesy from the 
author. One writer argues that the sand now carried suspension, 
acting like sand-paper, destroys the banks “abrasive action.” 
have thus, one breath, consider the river banks being sand-papered 
down and the stream itself filling up. The Ohio between Pittsburg 
and Cincinnati has preserved its width between banks and its volu- 
metric capacity very much the same for many decades, while, during 
the same period, that capacity has doubtless been largely exceeded 
the volume silt which the river has borne along. The author, there- 
fore, correct saying that walling the river banks would have 
effect reducing the volume silt transports; nothing would 
that possibly for the Ohio but tarpaulin spread over the steep 
hillsides West Virginia and Kentucky, whence the greater propor- 
tion the silt comes. Tributaries from soft-rock regions those 
States can named the writer, from personal observation, which 
abounded with shifting sand-bars while yet the country about them 
was practically unbroken forest. Those primeval forests did not 
prevent the carving the nearly horizontal strata into the deep ravines 
found the States named. If, however, the carving process pro- 
ceeding faster than formerly some the tributaries, troubles from 
have not been reported the main streams. 

Regarding reservoirs restrain floods our Western rivers, the 
writer’s opinions may have been perverted youth parent who 
was open opposition Colonel Charles Ellet, the distinguished and 
able advocate reservoirs. Leighton, Assoc. Am. E., 
has again raised the standard, but upon more specific and detailed lines 
than those his great predecessor. subject which should 
considered apart from forest problems. must necessarily 
discuss its merits weighing the cost with the advantages 
secured. If, for instance, can shown that levees along the Ohio 
can built protecting all the property exposed serious flood damages 
for one-fifth, even less than one-fifth, the cost reservoirs neces- 
sary secure that result, the engineers will very apt recommend 
the levee method. requires further surveys hold tenable opin- 
ions the questions herein involved. The matter power develop- 
ment is, course, part Mr. Leighton’s project which should not 
overlooked. the same time may have content ourselves 
with fewer horses our “power stables” than hoped provide. 
cost flood-storage reservoirs the Ohio Valley, readers are 
referred article* Major Newcomer, Corps Engineers, 
Army. 

Mr. Leighton’s studies for the improvement navigation not 


Engineering News, October 8th, 1908. 


i 
q 
; 
| 
| 
‘ 
| 
| 
| 


Papers.] DISCUSSION: FORESTS, RESERVOIRS AND STREAM FLOW 1299 


himself upon showing the country where some very valuable water- 
powers can found. The engineers fully appreciate the value the 
elaborate maps the United States Geological Survey. 
Colonel Chittenden argues that the water-powers should under 
the control the authorities managing navigation interests. They 
are certainly related the cases where the powers are located im- 
mediately dams with locks, and seems apparent that the 
shutting down stoppage flow other cases, resulting possible 
detriment transportation interests, should under the control 
the navigation engineers. 

The author’s final argument that all the interests forestry, power, 
and water transportation are within the purview jurisdiction the 
National Government will appear reasonable most thinkers. The 
revenues the individual States, and schemes taxation, cannot 
well adapted projects this nature, where State lines 
frequently stop adequate exploitation. the late Governors’ Con- 
vention Washington strong voice was raised against this con- 
ception. What everybody wants this country, one would think, 
should constitutional, and the few brief words the preamble 
the Federal Constitution our wise forefathers did not forget say 
something about the promotion the general welfare. Away then 
with the foreign criticism that our Constitution has caged giant 
incapable development response modern demands. 


tenden’s arguments are evidently based careful study and years 
practical experience that they carry great weight, and certainly 
one who has been able give these matters comparatively little in- 
vestigation should hesitate combat them. The writer’s interest them, 
however, intense, and, they remain uncontroverted, they will 
strong argument for politicians Washington who are opposed the 
Appalachian and White Mountain Forest Reserve bills. member 
the Council the American Association, was the 
privilege, while Washington, use what little influence had 
the interests these bills, the passage which believed 
the utmost importance New England and the South Atlantic States. 
The author takes the influences forests upon stream flow, and 
states “the commonly accepted opinion,” “that forests have beneficial 
influence stream flow.” then proceeds controvert these 
opinions pretty thoroughly. Certainly his arguments are strong and 
most interesting, and the writer frankly admits that entirely 
meet them. stated, the above-noted opinions are very 
commonly accepted the present time, and one more responsible 
for their common acceptance the United States than Gifford 
Pinchot, Assoc. Am. Soc. E., the Forestry Bureau, whom the 


meet with the results expected, can, any event, congratulate Mr. Roberts. 


Am. Soc. (by Chit- Mr. Child. 
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Mr. Child. author frequently quotes and whose writings and lectures upon this 
subject have been accepted many, the present time, the 
final word this subject. The writer, therefore, very glad know 
that Mr. Pinchot given opportunity reply. 

One the author’s statements, with reference waste lumber- 
ing operations, certainly appears extravagantly put. Comment- 
ing the improved lumbering methods the Weyerhauser Timber 
Company, says: 


“To speak such timber being ‘lost’ the people, ‘wasted,’ and 
untrue. Will its lumber cost the consumer cent 
thousand than were from Government reserve? wholly 
gratuitous assumption that our timber going ‘wasted’ unless 
placed under Government control.” 


While the writer position controvert the statements 
the progressive methods now being used the Weyerhauser Timber 
Company, thinks well within the facts stating that the 
improvements which this and other progressive lumbering concerns 
have adopted within recent years have been due largely the cam- 
paign education waged Mr. Pinchot, and the aroused public 
opinion which his work has brought about. hard believe, 
Colonel Chittenden would intimate, that there have not been the 
past and are not now, many sections the United States, waste- 
ful methods lumbering; yet the statement quoted would imply 
that, and also that the Forestry Bureau, its acquisition Govern- 
ment reserves and its progressive handling thereof, has done, can 
do, little good. 

Colonel Chittenden leads the decision that the people expect 
have the Government purchase land for the rearing forests for 
timber, for the storage water for any purpose other than naviga- 
tion, upon the theory that forests regulate stream flow and, there- 
fore, are useful navigation, the Constitution the United States 
must amended—a small matter, which thinks can easily ac- 
complished view the widespread interest these questions. The 
writer may pardoned for disagreeing with him and for believing 
that, his arguments are correct, has furnished Speaker Cannon 
and the opposition the Appalachian and White Mountain Forest 
Reserve bills two-edged sword which they will not fail use, and 
speaks from the experience personal contact with several members 
the Committee the Judiciary the recent Congress. the 
interests these bills, therefore, and their great importance 
immense section the country, the writer looks forward Mr. 
Pinchot’s reply with great pleasure. 

greatly impressed the intrinsic value this remarkably well 
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paper. The author’s remarks about Sir Gustav Wex’s pamphlet Mr. Conte. 


the flow the Danube are well taken. 1879 second treatise was 
issued the same authority, accompanied elaborate tables and 
maps, and cross-sections the river—all going show the alleged 
fact that there decrease the flow water springs, creeks, 
and rivers contemporaneously with increase the height floods 
cultivated countries. After most elaborate calculations finally 
concludes that the decrease rainfall due this cause found 
0.0027 in. per annum, and the accumulated losses extending over 
years, 0.0486 in. This refinement the measurement rainfall 
unique. not all surprising, therefore, that nearly all the 
meteorological stations England, France, and Denmark, with records 


extending back from 100 120 years, failed find any changes 


speak of. 

far the writer’s observations extend, forests not exercise 
any appreciable restraining influence great river floods. The in- 
fluence the forest bed vegetable humus altogether too insignifi- 
cant amount affect the problem. 

The phenomenon dew mentioned the author certainly most 
the open, and certain times the year constitutes 
very material addition the precipitation. The writer recalls 
striking experience the San Joaquin Plains, California, while run- 
ning trial line, practically east and west, through the Town 
Grayson. This was August, when the rainfall was nothing. The line 
passed through miles continuous and unbroken wheat field. 
places the wheat stood in. high, was well headed, and, when harvested, 
frequently averaged bushels the acre. The surveying party 
began work early every morning without exception, and every member, 
the chainmen especially, was drenched with the heavy dew the 
wheat, and never got dried out until noon each day. This continued 
for five days while passing through this mammoth wheat field. 
course, the popular phrase “dewfall” misnomer. The phenomenon 
purely one condensation; nevertheless, very important and 
material element the daily precipitation the open, and should 
not overlooked. the forests, course, this nil. 

Another most interesting feature about these plains the effect 
cultivation the surface run-off. everywhere shows 
that plowing the surface soil reduces the surface run-off enormously. 
The reason for this easily understood when the physical facts 
are known. the natural state the surface soil generally sun- 
baked and hard. When the rains come, this surface crust sheds 
water like the roof house. the contrary, when this land 
plowed into deep furrows, after the first rains have softened the 
ground, all the rainfall thereafter sinks in, and the run-off practi- 
cally nothing. More than that, the top soil, being broken and porous, 
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stops subsequent surface evaporation enormously, and holds the ground- 
waters for the subsequent useful purposes agriculture. 

course, later the season, when very heavy and prolonged 
rains come, the surface wash from the plowed lands more heavily 
charged with sediment than would have been before the lands were 
plowed. should remembered, however, that this run-off lasts for 
much shorter time, and, therefore, open question whether, 
considering the entire year, cultivation materially increases the total 
solids transported the streams. The effect cultivation, therefore, 
store the rain-waters the soil, reduce surface evaporation, and 
enlarge and equalize the flow ground-waters the streams. These 
functions are certainly keeping with the requirements conserva- 
tion, and tend increase the percentage annual run-off rainfall. 
all events, observations lakes and artificial reservoirs certainly 
fail show any noticeable increase silting due cultivation 
the soil. 

The author’s remarks about the relative efficiency storage reser- 
voirs controlling the flood-water flow rivers are exceedingly 
timely and strictly the point. these reservoirs are used 
for power irrigation purposes, all efforts flood control must 
abandoned. The all-powerful interests water-power and irrigation 
are diametrically opposed storage capacity for the accommodation 
great storm-waters, these generally come the end the wet 
season. These two interests can never reconciled, but will always 
endless conflict. view the large financial interests water- 
power and irrigation, not difficult see the final outcome this 
conflict. 

The big artificial reservoirs the head-waters the Mississippi 
are great object lesson. They occupy ideal sites for storage reser- 
voirs, and such sites are extremely hard find. 

The author mentions the fact that times heavy rainfall 
sometimes happens that reservoirs will compelled discharge 
greater quantity water than would flow from the lakes their 
natural state, that is, they would operate increase the floods. Here 
again evidence showing the conflict with power development, where 
the storage room divided between several years instead being 
confined two years, called for the natural development. This 
conflict always arises, and cannot prevented. Necessity calls for 
it, and necessity knows law. 

The grand scheme storage reservoirs proposed for the Ohio 
River system altogether too Utopian, and utterly impracticable 
applied the control great river floods. Let water-power develop- 
ment and irrigation each stand its own bottom, which both are 
amply The irreconcilable conflict between irrigation and low- 
water navigation great rivers rapidly approaching and will 
not down. 
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The writer’s sympathies are largely the side irrigation, simply Mr. Conte. 


because the public benefits derived therefrom are much greater than 
the damages sustained few months’ interruption low-water 
navigation, which, many rivers, does not amount very much. 

the arid regions, where irrigation the very life-blood the 
entire community, would equivalent suicide insist 
upon the rights low-water navigation; the exigencies the case 
forbid it. well call attention fact, not generally 
known, reference low-water navigation the Ganges River 
India. The head-works are located Hurdwar, where the river leaves 
the foot-hills. The fall the river this site from ft. per 
mile. Below the dams the river bed dry, the entire low-water flow 
being taken for irrigation. Going down stream, however, the irrigation 
seepage waters, together with underground flowage, increase enor- 
mously, and reaching point miles below the dam the 
river wide and deep was before the head-works dam 
Hurdwar was built. Later, 1878, the engineers built regular weir 
dam with locks for slack-water navigation, lower down the river 
Narora—4 miles below the railroad bridge Rajghat. This dam alse 
takes all the low-water flow the Ganges this site, and necessarily 
leaves the river bed dry for few miles; and then wide and deep 
ever. When one considers the enormous public benefits derived, 
viz., 1600 000 acres irrigated the Main Ganges Canal, and 900 000 
acres the Lower Ganges Canal, the small damage navigation, 
caused these great public works for few months the year 


only, sinks into insignificance and, many cases, can entirely 
ignored. 


this paper now, while the agitation and interest the “Conservation 
Natural Resources” its height, particularly fortunate, and 
the placing record, available form, facts observation 
rather than theories popular opinions, the greatest value. The 
writer thorough sympathy with the movement for the preserva- 
tion, and the intelligent and careful use, forests and other resources 
the United States, but agrees most emphatically with the author 
that the popular belief that deforestation responsible for floods and 
low waters erroneous one. 

There are ample reasons why forests should carefully preserved 
and cared for and reforestation encouraged for the sake future 
timber supply, without the necessity charging the destruction 
the forests all the ills due flood conditions the one hand the 
deficiency water for industrial domestic supplies and low stages 
for navigation during dry seasons the other. 

The author has shown detail the fallacy such beliefs, and 
these details show the painstaking care and thought that has been given 
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the preparation the paper. The writer, unfortunately, has 
other facts observation present addition the discussion, 
and only wishes approve most heartily the conclusions concerning 
the relations between run-off and deforestation. 

During the Eighties early Nineties, the first days extensive 
improvement work the Mississippi the General Government, 
was impossible secure appropriations for the construction levees, 
except where built aid the improvement navigation, and 
one more appropriation bills expressly prohibited such expenditures 
except stated. doubtless were engineers and others who 
honestly believed that the construction levees did tend improve 
conditions for navigation, and there desire open discus- 
sion this subject present. Any one knowing the conditions and 
the vast benefits which have followed the construction levees the 
Mississippi Valley, however, will agree that there was ample and 
sufficient reason for their construction without any reference 
navigation. 

also true that the conservation forests, the protection against 
flood conditions, the improvement low-water navigation are each 
National importance; each can stand alone its own merits, though 
undoubtedly true that all should carefully considered 
commission charged with careful study, broad way, the whole 
subject. 

The data presented the author, the relation stream 
flow and reservoir effect, are also particularly valuable refuting 
some the extravagant statements made reservoir enthusiasts. 
regretted that the presentation facts, with the calm 
arguments and conclusions based them, cannot given the same 
publicity some the wild assertions and schemes the magazine 
writers. This cannot expected, there nothing sensational 
consideration the facts and conditions. 

That much, very much, can and should done the direction 
forestation, water supply for power purposes and navigation, and 
the control floods, undoubtedly true; and the engineering pro- 
fession congratulated having the underlying facts concern- 
ing the relations between the various subjects clearly brought 
before it. 

very timely, and the author has handled the subject very 
thorough manner. His observations regard snow run-off from 
forest and open areas, are borne out the writer’s experience. 
his early days, while running railroad lines New England, the 
early spring, was often surprised find the woods nearly devoid 
snow, while deep drifts still remained under the road fences and stone 
walls, and deep road cuts. 
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The writer, however, must take exception what considers too Mr. Baron. 


sweeping generalization the statement that “there really very 
little, theoretically, support the claim that forests insure precipita- 
tion.” undoubtedly true that when warm, moisture-laden air 
strikes cold air current, the moisture will precipitated the 
form rain. Forests are sometimes warm and sometimes cold. 
northern latitudes forests are warm.in winter and cool summer; 
the tropics, they are always cooler than the open, where the sun’s 
rays are unimpeded. Take, for instance, the thick forests that clothe 
the eastern Nicaragua. For many months the year, the 
warm trade-winds that have passed over the Caribbean Sea blow day 
after day from the coast over these forests, and the precipitation 
phenomenal. common, when traveling the larger rivers, see 
spiral columns vapor resembling the smoke camp fires arising 
from the low hillsides when this warm* wind from the sea blowing 
over them. perfect the resemblance that first the writer un- 
hesitatingly supposed the vapor columns the smoke from the fire 
some lonely hunter settler. 

There may be, the author says, “very little support the claim, 
theoretically”; but, practically, abundantly proven throughout the 
whole that relatively narrow isthmus known Central America, 
from Guatemala Panama, the writer has frequently observed. 
This phenomenon particularly noticeable Nicaragua, and the in- 
fluence the forest there particularly observable, because that 
country is, general, low, that the excessive rainfall the eastern 
side, amounting 365 in. per year Greytown, cannot attributed 
mountains. the western side that Republic, the precipitation 
only about in., and the forests are very different, being more 
open, and there are many large areas cultivated lands and un- 
wooded plains. All the moisture held the eastern trade-winds 
dropped when they pass over the dense and cool forest jungles that 
cover the entire eastern water-shed. 

The author falls into another error generalization, due, probably, 
the fact that his observations have been confined the limited 
area the central and western United States. states that “pre- 
cipitation nearly always greater upon the hills than upon the neigh- 
boring lowlands.” This statement quite true British Columbia, 
where the observed rainfall the Fraser River Valley about in., 
while less than miles away, Lake Coquitlam among the mountains, 
but the same water-shed, the precipitation 130 in. the Central 
American Isthmus, however, the reverse true. While the precipita- 
tion Greytown 365 in., and Bluefields, about 290 in., 
Honduras, elevation 3000 ft. above the sea, 
about in., and Suina, Nicaragua, about 260 miles from the sea, 
about 100 in. Observations were taken for two years under the 
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writer’s immediate supervision, Greytown and vicinity and near 
Suina, when was charge the work the Nicaragua Canal 
and other and later enterprises that country. 

Touching the fourth subdivision this paper, the author says that 
“the increased erosion the soil does not result from forest 
cutting, but from cultivation.” Cultivation, however, concomitant 
deforestation; not the intensive cultivation the market gardener 
the outskirts great city, but the rough cultivation the first 
settler. the broad sense the word, deforestation not the 
cutting down the trees alone, for, the author remarks, the stumps 
and roots remain and new growth succeeds, perhaps closer and more 
impermeable water erosion than before. the sense which 
speak the deforestation the United States, there meant the 
complete eradication the forest, not the cutting down the timber 
alone, and this includes clearing and grubbing eradicate the trees, 
root and branch. That what has actually been done the United 
States and any country that deforested. When this done, the 
soil broken and its subsequent cultivation secondary importance. 
The trees are gone, the roots and many the stumps are removed, 
the soil has been broken, and, although the land may lie fallow and 
uncultivated for several years, exposed the wash the rain. 
The effect this wash very noticeable the hill slopes Tennessee 
and Georgia, and even New England, Ohio, and all denuded hill 
slopes known the writer. 

these localities the small brooks are filled with muddy water 
during every sharp rain. This was not before the land was cleared, 
and not now the adjoining woodlands. 

The author states that “no possible development forestry can 
inerease the present percentage forest-covered areas.” This appears 
very sweeping and unconsidered statement. any one who 
has ridden over the vast prairies the West, quite conceivable 
that Man, irrigation or, many places, solely care and per- 
severance judicious selection tree planting, can and undoubtedly 
will the next hundred years increase immensely the percentage 
woodland, and there will still remain abundant open land for cultiva- 
tion. the same time, the author states, many abandoned farms 
the East will grown wood. The writer knows many such 
places New England, and there are also many Florida, and 
other Southern States, where large plantations have grown native 
forest trees since the Civil War, owing inability cultivate them 
profitably without slave labor. 

The author states that the action the forest moderate the run- 
off and mitigate the severity freshets fails entirely heavy and 
long precipitation. admits that the humus and débris forests 
retain precipitation and act reservoir for time, but eventually 
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may become saturated and thenceforth will value for that Mr. Baron. 
purpose. extensive forest this impounding capacity very great, 
and just much reduces the peak the run-off least the 
first part the ascending curve, and there proof that, the 
time the forest reservoir full, the peak the flood may not past. 
his third proposition, the author say that “while small springs 
and rivulets may dry more than formerly this not true the 
larger rivers.” there were springs, rivulets, brooks, there 
would rivers, and, these all run dry, the large streams must 
run dry also. 

The sixth proposition, that climate has not been appreciably modi- 
fied land clearing, may true for large areas, general 
sense, but has been modified, small areas, northern latitudes, 
the added exposure wind, that the cold and inclemency are 
more pernicious for the farmer and stock grower. 

the author’s discussion the cost power, using 
the storage reservoirs built the Government for water conservation, 
quotes article Mr. Henry Jackson, giving costs based upon 
averages number different plants, compared with steam power.* 
Mr. Jackson’s estimate includes the cost the dam, “Building and 
works, steam, $10 000, water The author does not take into 
account the cost the dam and spillway, which are supposed 
already built the Government for another purpose, that this esti- 
mate, stands, not applicable, but should reduced $67 000, 
the cost tae dam, favor the hydro-electric plant. This makes 
difference 50% first cost and the same interest charge, and 
throws the balance favor the water power. Therefore, his sub- 
sequent deductions are valueless. 

The writer quite agrees with the author his remarks about diking 
for flood protection, and about transportation river rail. This 
question the propriety Congress aiding navigation, and having 
authority, under the Constitution, build power works aid 
transportation rail, only exemplifies the fact that the world 
growing fast that Constitution, which was perfect instrument 
its day, can outgrown the totally changed conditions the 
present time. 


Epwarp Am. Soc. E.—This very able paper brings Mr. North. 
collateral and important question: Even they accomplish 
all that claimed for them, will National forests National 

The general and patent objections the proposal now before the 
public are: The general installation National forests would neces- 
sitate still larger body Government employees, and either tend 


Proceedings, Am. Soc. E., October, 1908, 987. 
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the perpetuation hierarchy, more less violent changes 
governmental policy. 

Their control the Central Government would impair our habits 
individual initiative and also those free association for pro- 
duction. These two habits, possibly more than any others, have been 
the governing factors the progress English-speaking peoples. 

Their proposed locations, remote from centers consumption for 
their products, entailing the maximum cost for transportation, would 
diminish the resources both producers and consumers. The fact that 
the General Government party does not obviate the necessity 
making all expenditures return either insurance profit. 

alternative the dedication large areas National forests 
under the control the Central Government, and free from the 
objections above recited, the following plan* seems preferable, namely, 
that lands covered specified stands trees should free from 
taxation while the timber growing and ripening. The numerous 
small groves which would developed the adoption this measure 
would not subject the widespread destruction fires invited 
large forests, and, addition such modification climate and run- 
off may due timbered areas, would, furnishing breeding 
places for insect- and vermin-eating birds, hinder, not arrest, their 
extinction, besides adding the beauty the country; both additions 
not without value. There should also provision like 
kind for trees grown the roadside. prejudice against roadside 
trees, due the combined effect the trees and fences forming 
drifts and keeping the roadbed wet, dominates the public mind long 
after the watering-cart has proved inadequate keep down the dust 
prevent the raveling the roadbed. 

Thinking that the illustration cited (with blotting paper) would 
have been more valuable the paper had been surcharged—e. g., with 
shavings—it not contended that erosive and disastrous floods have 
not originated uncleared areas, and they are likely recur not- 
withstanding any development forest culture. 
sufficient capacity, seem valuable adjuncts, least, forests, 
reducing the damage from all but exceptional floods. They would 
also great importance more valuable National interests than 
either the growth timber the prevention soil denudation. The 
most important these interests cheap transportation, with the 
production develops. Following transportation closely, and governed 
it, manufacturing. 

About forty years ago our Lake commerce was limited vessels 
8-ft. draft. Excepting for short time the late Seventies, 
Lake channels have been persistently deepened and improved, that 
the tonnage vessels has increased faster than that freight trains 


Proposed The Engineering Record, June 13th, 1908. 
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our railroads. 


opened, the tonnage through was 101458. 1907, 217 214 tons 
freight passed through it. 
Comparing the ton-mileage our railroads with that through the 


“Soo,” neglecting, course, the through and local traffic not passing 
the have: 


Ton-Mileage, etc., Reported for 1907. 


Statistical Abstract.’’. 221 465 cent. 457 345 


281 358 973 354 850 572 686 


The saving this 17.1% the total ton-mileage reported, com- 
pared with like service rail carriage, was more than $336 000 000. 
The total appropriations the General Government for river and 
harbor improvements, with surveys, pertaining thereto, were, 
March 2d, 1907, $552 943 025. the ton-mileage the Lakes not 
passing through the “Soo” was equal two-thirds that above 
recorded, the saving the country the low Lake freights was 
greater 1907 than the total sums appropriated. Some will im- 
mediately object this comparison: that the freight carried the 
Lakes lower classification than the average carried railroads; 
but the lowering freight rates during the season Lake navigation 
has been recognized and fully understood for about thirty years, also 
the increase the high-class traffic railroads. 

1887, the first year the admirable kept the 
Engineers the “Soo,” the ton-mileage through those locks was 
which was carried 0.230 cent, and the average rail- 
road rate was 1.034 cents. The saving for that year was $36 026 200. 
average the years will have rough aggregate more 
than 000 000. 

would seem that competent improvement either the 
Lakes-to-Gulf waterway the proposed coastwise canal would 
result like tonnage and equal saving the cost 
transportation, for both routes are now offering much more than 
was sight believed possible when the canal the “Soo” was either 
projected completed. 

For nearly years attention has been directed the difference 
growth cities the Lakes and the valley the Mississippi, 
where but immaterial improvements depths have been made. And 
note also taken that the progress our centers gravity manu- 
facturing values following our centers population, but about 
midway between the centers population and the Lake front; which 


1856, the year after the canal the “Soo” was Mr. North. 
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shows, without doubt, that the cost transportation very important 
factor the location manufacturing plants. 

This influence shown particular the nearly total with- 
drawal heavy manufacturing from the New England States, where, 
from 1880 the present, the freight rates have been about 50% higher 
than the average rate for the whole country. also shown the 
ruin the iron industries Troy and Albany, with the depopula- 
tion the counties about the head navigation the Hudson, con- 
sequent the successful effort the Chamber Commerce New 
York City prevent the deepening the river channel above 
Coxsackie. 

The foregoing considerations have led growing insistance 
the Mississippi Valley that the wealth that section should aug- 
mented increasing the navigable depth the river. The demand 
was growing too strong ignored when was determined com- 
bine any plan for improved navigation with one for “the conservation 
our natural resources.” This loss and damage the prosperity 
the country through the delay necessary for the consideration 
large and complicated project. This delay will prolonged 
the selection our most able opponent internal improvements 
Chairman the Inland Waterways Commission, who, after the en- 
dorsement this extended plan Washington May, 1908, under- 
stood have announced that there would neither Congressional 
consideration the Atlantic coastwise route nor appropriations for 
surveys the Mississippi Valley. the same time, the declaration 
for improvements watercourses “standard depth” forecasts 
intention, the part the protagonists this movement for con- 
servation, that the issue their labors should standardization 
what ought main arteries for the exchange products the 
economic depths the smaller subsidiary streams. that there will 
substantial reduction the average our total freight rates: 
that production may not encouraged and the wealth our lower 
Atlantic Coast and the Mississippi Valley may not unduly 
increased the wealth along the Great Lakes has been. 

The extension our manufacturing interests, which 1905 paid 
out salaries and wages and produced values 
$14 802 147 087, well the enlargement the area cheap 
freightage, threatened this conservation plan. understood 
that the Central Government proposes seize all sources water- 
power and put them under control. This control may 
relied upon hold the value these natural resources near 
prohibitive price and hamper their use vexations restrictions 
such way retard unnaturally their development. All the em- 
ployees this branch also are likely auxiliary Government 
executive decree. 
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The development water-powers, and particularly our timber mr. North. 
supply, without control the Central Government, would free the 
country from the danger apprehended, under our elective system 
large bodies Government employees who could made act 
with nearly much unanimity regiment soldiers. The in- 
dividual growers timber, with their employees, could not induced 
act together. The lands selected would chosen economic 
grounds, without taint political corruption even political influence. 
They would widely disseminated, mostly the broken ground 
heading all our streams that not originate swamps, and the un- 
disputed cooling effect groves would break the ascending currents 
from highly heated areas which dissipate possible rain clouds. The lum- 
ber they furnish would proximity the demand, while the waste 
products scattered groves would have local use and value probably 
more than offsetting the economies manufacture large establish- 
ments. both cases, the areas devoted tree growing would not con- 


possible aid production seems economic crime. 


tribute directly local taxation; but, the case woodlands culti- 
vated individual initiative, careful selection would made 
the less productive and less easily tilled areas. Our proposed National 
forests, the contrary, would include their large areas all those 
fertile spots that support farmers, and cover the land with men increas- 
ingly trained look the Government for their means support. 
This entire scheme Conservation National Resources seems 
parity with the present demagogic demand that more rail- 
roads should built lest there should ruinous competition, coupled 
with the claim that the return the capital invested railroads 
should limited through the supervision our Central 
Government instead the action free competition. seems 
planned that even our waterways—if improved—shall not com- 
pete freely. 
Our best National resources are the production and consumption 
ver our people. doubtful our entire natural wealth would have 
uly sold for when Elizabeth and Raleigh commenced exploiting this 
country. Until natural resources enter into destructive consumption, 
few them have anything but speculative value. Some these 
are destroyed their use. The power falling water, 
though destroyed that act, renews itself indefinitely, and any non- 
use that power irremediable loss the world’s wealth. There 
impairment value any watercourse its use, and, when 
there money enough available for its improvement, neglect its 
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MEMOIRS DECEASED MEMBERS 


will reproduced the volumes Transactions. Any information 
which will amplify the records here printed, correct any errors, should forwarded 
the Secretary prior the final publication. 


THOMAS FITCH ROWLAND, Hon. Am. Soc. E.* 


Diep 13TH, 1907. 


The name Mr. Rowland be, each year, recalled the 
Society when the award the Thomas Fitch Rowland Prize 
announced the Annual Meeting. The prize was originally insti- 
tuted the Society the Annual Meeting 1882, recognition 
the generous action Mr. Rowland connection with the fund 
created for assuring the Society the permanent ownership 
building suitable for its needs and its growth. Mr. Rowland did not 
know that the institution this prize was contemplated, and, when 
was informed that had been done, insisted upon giving the 
Society the amount, the annual interest which now provides the 
prize. the request the Board Direction, suggested the 
conditions for the award, namely, that the paper for which the prize 
given shall describe accomplished works construction, state their 
cost, and especially note any errors, either design execution, 
which may have developed during construction. His long and varied 
experience construction led the desire that engineers. connected 
with the progress works should encouraged describe, not only 
the finished results, but also those changes and modifications which 
might occur during their progress, and from which believed much 
useful knowledge would given for guidance other and future 
work. 

Thomas Fitch Rowland was born New Haven, Connecticut, 
March 15th, 1831. was the son George Rowland and Ruth 
Caroline Attwater. was lineal descendant the Honorable 
Thomas Fitch, the last colonial governor Connecticut. 

was educated the public schools New Haven. early 
age acted miller’s boy his father’s grist mill. This mill was 
demolished upon the construction the New York, New Haven and 
Hartford Railroad, and became the first apprentice the machine 
shop that road. While that employ was detailed for, and 
acted as, fireman the locomotive the third passenger train which 
ran from New Haven New York. 

1850 Mr. Rowland left the railroad and became Second Assistant 
Engineer the Connecticut, large side-wheel steamboat, carrying 
passengers and freight between Hartford and New York. 


Memoir prepared the following Committee: John Bogart, George 
and Edward North, Members, Am. Soc. 
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His next service was with the Allaire Works New York, large 
builders steam engines. While with them designed the engines 
the revenue steamer, Harriet Lane. then entered the 
Morgan Iron Works, owned and operated George Quintard. 
made the designs, specifications, and estimates cost the 
machinery for the gunboat, Seminole, and was put charge 
the construction that machinery. then took charge Superin- 
tendent Construction iron side-wheel steamboat which Mr. 
Quintard built Greenpoint, Long Island, for use New Orleans. 
Associated with him that work was Mr. Samuel Sneden, promi- 
nent builder wooden vessels. and Mr. Rowland then formed 
partnership for building iron and wooden steamers, and general 
structural work. The first contract obtained this firm was the 


construction, for the Croton Aqueduct Department New York City, 
wrought-iron water pipe ft. diameter, about mile 
length, and located the top the High Bridge over the Harlem 
River. Another early contract was for iron vessel designed 
the late John Ericsson, Hon. Am. This firm also built 
the hulls for the steamboats, Continental, the City Boston, and the 
City New York. Mr. Sneden left the firm 1860, and Mr. Row- 
land thereafter continued the enterprise under the name The Con- 
tinental Iron Works. 1861 built number naval gun 
also built twenty revolving mortar-bed carriages for the 
Navy Department. These, with their mounted mortars, were in- 
stalled number vessels which, during the Civil War, were 
ily known the Porter Mortar Fleet. 
1861, for John Ericsson and associates, Mr. Rowland built the 
iron-clad, single-turret, floating battery, first called 
battery, but directly designated the Monitor. This was the original 
Monitor which arrived Hampton Roads during the night the day 
which the Confederate iron-clad, Merrimac, had sunk the 
ath frigate, Cumberland, had driven ashore the frigate, Congress, 
ble which was entirely burned, and which doubtless during the next day 
would have captured destroyed the frigates, Minnesota and 
Roanoke, and other smaller vessels, and thus opened the way 
was Northern harbors. The struggle during the next day between the 
and great iron-clad, Merrimac, and the comparatively diminutive Monitor, 
and the final victory the Monitor, are notable events 
and tory, which determined new departures naval construction and 
hich armament. The speed well the thoroughness construction 
this original Monitor was notable, particularly the vessel differed 
tant nearly every feature from anything previously built. 
ving Mr. Rowland immediately proceeded with the construction the 
monitors, Montauk, Kaatskill, and Passaic, and the double-turreted 
monitor Onondaga. also built the light-draft gunboats, Cohoes 


and Muskoota. 
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1870 built the ferry-boats, Fulton, and Farragut, and after- 
ward the Atlantic, and the Brooklyn, all for service between New York 
and Brooklyn. 

For many years Mr. Rowland devoted great attention the 
design gas-manufacturing installations, and built large 
number these various parts the United States. Among the 
very large ones are those the Commercial Point Station the 
Boston Gas Company, and the Twenty-first Street, the Forty-fourth 
Street and the Ninety-ninth Street Stations the Consolidated Gas 
Company New York. The Fourteenth Street gas-holder and steel 
tank for the same Company, also designed and built him, was, 
the time its construction, the largest its kind the United 
States and notable achievement gas engineering. 

1887, his business was incorporated The Continental Iron 
Works, Mr. Rowland being its President the time his death. 

For many years Mr. Rowland had devoted much study the per- 
fection the art welding iron and steel plates various forms 
and shapes, and, about 1887, designed the process and the requisite 
machinery for the manufacture the Fox corrugated and the Morison 
suspension furnaces now used the well-known internal type 
boiler. 

1855 Mr. Rowland married Mary Elizabeth Bradley, New 
Haven, who died March, 1902. survived two sons, 
Thomas and Charles They have been associated with him 
The Continental Iron Works, and both them are Members the 
Society. 

Mr. Rowland continued active touch with his works until 
within few months his death, although had been failing 
health for several years. was devoted member the Episcopal 
church, having joined early had many charitable, 
philanthropic, and historical interests. Although had with 
such important works, during long and remarkably active life, 
was always modest character and retiring disposition. 

took the greatest interest the welfare and progress the 
American Society Civil Engineers. During the periods 
growth, when many perplexing problems were encountered its 
officers, they could, and always did, receive from him substantial 
aid and well-considered and judicious advice. 

Mr. Rowland was elected Member the American Society 
Civil Engineers December 4th, 1867, and was made Honorary 
Member December 20th, 1899. served Director 
1872, and 1873, and Vice-President 1886 and 1887. 
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STEPHEN ARNOLD MITCHELL, Am. Soc. E.* 


May 1908. 


Stephen Arnold Mitchell was born Point Pleasant, Ohio, 1863. 
was Scotch-Irish parentage, his ancestors being among the early 
settlers the State Maryland. 1868 came Kansas City, 
Missouri, where received his early education, being graduated 
the age sixteen from the Central High School. 1883, was 
graduated from the Missouri State University, receiving the degrees 

Immediately after graduation Mr. Mitchell commenced the practice 
his profession under Messrs. Knight and Bontecou, Civil Engineers, 
the location and construction the Kansas City Belt Railroad. 
After the completion this work spent one year the Engineering 
Department Kansas City, confining his attention chiefly the con- 
struction sewers and paving. For about six years, from 1886 
1892, devoted himself the general practice his profession, 
making surveys and soundings guide the location the Chicago, 
Milwaukee and St. Paul Railroad Bridge across the Missouri River 
Randolph, Missouri, and assisting the construction line 
railroad connecting that bridge with the Kansas City Belt Line Rail- 
road. Later, associated himself with Mr. John Neir and 
older brother, under the firm name Mitchell and Neir, and for 
several years was very active the design and construction water- 
works many towns the rapidly developing State Kansas, 
Fort Payne, Alabama, and Elwood, Indiana. 

From 1892 1901 Mr. Mitchell was Assistant City Engineer 
Kansas City, Missouri, serving the city with degree fidelity and 
self-sacrifice that won for him numerous friends and many staunch 
supporters regardless political affiliations. left the service 
the city from choice, well equipped experience assume weightier 
and more independent responsibilities. great was the confidence 
had inspired his faithful service Kansas City that his ad- 
vice was frequently sought all matters pertaining municipal engi- 
neering. assisted placing value upon the water-works prop- 
erty which Kansas City purchased from the National Water Company, 
and later one the members commission devise exten- 
sive and comprehensive improvements this system, acting for several 
years Chief Engineer Construction carrying out the plans 
the Commission. 

1906, Mr. Mitchell planned more than miles sewers and 
complete system street improvements for Fort Smith, Arkansas, 


Memoir prepared Wynkoop Kiersted and Alexander Members. 
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city which had filled the important position Consulting Engi- 
neer the Board Improvements for some time. died May 
21st, 1908, the age forty-five. the time his death was 
personal charge the construction the public works had 
designed for Fort Smith, and accordingly had taken his residence 
that city. survived his wife. 

Mr. Mitchell’s devotion his professional work, his uniformly 
genial disposition, and his profound integrity, won for him many life- 
long friends who mourn his death and feel keenly the loss his good 
fellowship. 

Mr. Mitchell was elected Member the American Society 
Civil Engineers October 2d, 1907. 


GEORGE RAFTER, Am. E.* 


Diep 1907. 


George Rafter was born Orleans, Ontario County, New York, 
December 9th, 1851, being the youngest five children. His mother 
was Eleanor Willson, whose grandfather, James Willson, was identified 
with the Revolutionary history Cherry Valley, New York. 1739 
assisted making the first survey the region around Cherry 
Valley, for which was given tract land which his descendants 
still live. his father’s side, Mr. Rafter was Scotch-Irish extrac- 
tion, his great-great-grandfather Rafter having emigrated from the 
north Ireland Northumberland County, Pennsylvania, about 1750. 

Mr. Rafter’s father owned developed water-power 
which operated flouring mill and other manufacturing establishments, 
from which made comfortable living for the family and accumu- 
lated some property. Possibly the experience with that water-power 
his boyhood was the influence which inclined Mr. Rafter toward the 
improving water-powers general water storage, later years 
(because, after his father’s death, which when Mr. Rafter 
was seven years old, this water-power was sold several times, but 
reverted back his mother because the inability the purchasers 
use efficiently account the variation the flow caused 
the removal forests, 

That Mr. Rafter had inherited taste for his chosen profession 
indicated the fact that had, his library, book mathematics 
printed London 1704, which his ancestor, James Willson, had 
brought with him when came America. interesting incident 
with this book the fact that when James Willson was 
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moving his family from Albany Cherry Valley, flatboat the 
Mohawk, the chest which was contained slipped off into the river. 
The spot was marked, and the following spring the chest was recovered, 
but the book shows very plainly that has been water-soaked. 

Mr. Rafter was prominent representative the sturdy class 
civil engineers who have had controlling influence shaping the 
development this wonderful country scale such magnitude 
beyond the dream our ancestors. assisted materially 
advancing the application engineering many directions. 
boy attended the public schools, and later spent three years the 
old Canandaigua Academy where his roommate and chum was Lyman 
Cooley, Am. Soe. E., and where his associates included many 
other men prominent after-life. leaving the Academy, went 
Cornell University. 

1872, Mr. Rafter married Miss Alyda Kirk, and they were 
mutual help and comfort each other for thirty-five years, bringing 
maturity two daughters, Ethel, now the wife Dr. John 
Williams, Rochester, New York, and Myra Willson, who, for several 
years past, has been efficient aid her father, assisting him 
stenographer and computer the preparation his important re- 
ports. Mrs. Rafter died May, 1907, and, after her death, Mr. Rafter 
was oppressed with lonesomeness, and, large extent, lost interest 
his profession, that, those who knew him intimately, seemed 
not unfitting that should follow her closely. 

Beginning his engineering work 1873, Mr. Rafter took position 
the City Surveyor’s office Rochester, where part his time was 
the same time studied architecture the office 
Warner, with Ex-Mayor James Cutler fellow student. 
this period also found time teach mathematics private 
school Professor Reed, where made lasting friendships 
with boys who have since developed into the leading men the com- 
munity, such the Honorable James Breck Perkins, Wheelock Rider, 
D., and others. 

1876, was Assistant Engineer the Rochester Water-Works, 
while 1877-78 was private practice civil engineer, filling, 
among other engagements, that Engineer the Rochester and Lake 
Railway Company. 1880-82 was Engineer the con- 


the Texas Pacific and Missouri Pacific Railways, having 


charge, 1881, the water supply the Texas Pacific Railway 
across the “Staked Plains.” 1882-83 was charge the con- 
struction water-works Fort Worth, Texas. 

Mr. Rafter was Assistant Engineer the Rochester Water-Works 
1883-87, and also Engineer the water-works Fredonia, New 
York. 1883 made survey Honeoye Lake with reference 
converting into storage reservoir for the benefit the Rochester 
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mills. This was the beginning the great work done Mr. Rafter, 
the study the possibilities regulating the Genesee River, which 
afterward occupied much his attention. 

From June, 1888, October, 1890, was charge the addi- 
tional water supply for the City Rochester, and was Acting Chief 
Engineer the Rochester Water-Works 1890. During these years 
showed how had developed into strong man. The city approached 
the limit the capacity the water-works, and the then Chief Engi- 
neer had advanced project with unusual features, causing the busi- 
ness men Rochester doubt the soundness his judgment, that 
they even questioned the necessity additional supply, the 
ground that the consumption per capita was beyond reason the 
existing conduit was delivering the quantity water for which was 
designed. They insisted that, preliminary, means should taken 
gauge the quantity water delivered the city, and that, with 
proper care, shortage water might prevented. The Chief Engi- 
neer asserted that would impossible measure the water without 
causing water famine, and that, under the conditions, would 
impossible prevent shortage water the citizens. committee 
the Chamber Commerce induced Mr. Rafter say that, 
had the responsibility, the water could measured and water famine 
avoided. The Committee took him his word, and, upon its insistence, 
was made Acting Chief Engineer. While occupying this position, 
laid the City Rochester under lasting obligation introducing 
and operating ingenious and unique scheme throttling down 
certain districts, that the insufficient supply was distributed such 
way preserve the public health and reduce discomfort the 
lowest possible degree. 

The following years were occupied with varied work, including 
sewage disposal Albion and Holley, New York, and the West Vir- 
ginia State Hospital for the Insane; water-works Berwick and 
Nescopeck, Pennsylvania; sewage disposal works Lawrenceville, and 
Geneva, New York; and Consulting Engineer the Warsaw, New York, 
Water Company. conjunction with Mr. Baker, Mr. Rafter 
prepared the exhaustive and comprehensive work, “Sewage Disposal 
the United States,” which has since been standard textbook, and 
great importance, because was the first complete exposition, 
the United States, subject then becoming such vital importance 
and interest. was dedicated the authors “To the Health and 
Prosperity American Cities and Towns,” and there doubt that 
many such cities are under obligation Messrs. Rafter and Baker 
for the information contained this manual. 

For some time Mr. Rafter had been preparing himself studies 
with the microscope, and, while acting Sanitary Expert the Boston 
Water-Works, he, with Professor Sedgwick, devised the Sedgwick- 
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Rafter method water analysis, well known biologists. Mr. Rafter 
was one the pioneers making practical use the application 
biology city water supplies. prepared several papers this 
subject, including: “On the Fresh Water Alge and their Relation 
the Purity Public Water Supplies”;* “How Study the Biology 
Water “On Some Recent Advances Water Analysis, 
and the Use the Microscope for the Detection Sewage Contami- 
“On the Micro-Organisms Hemlock Water”; “Microscopical 
Examination Potable and, together with Doctors Mallory 
and Line, pamphlet entitled “On Volvox Globator the Cause 
the Fishy Taste and Odor the Hemlock Lake Water 1888.” 

1893 Mr. Rafter began work for the State New York the 
subject controlling the flow rivers and the construction storage 
reservoirs, and, connection with it, comprehensive study the 
hydrology the State. His first work this line was the Genesee 
River, and consisted making exhaustive surveys and borings, and 
designs for great dam just above Mount Morris, site previously 
established the State Engineer. connection with this work, 
elaborate tests were made the strength concrete. this study, 
arrived the conclusion that would more advantageous 
the dam above the High Falls Portage instead Mount 
Morris. further appropriation having been made the State, 
was able, the following years, verify his conclusions careful 
surveys, and determine that, for less expenditure, reservoir 
double the could created which, account the additional 
fall 500 ft. available, would double the horse-power. Thus fixed 
the plan regulating the river which will ultimately carried out. 

During these years work the Genesee, with the aid the 
Rochester Chamber Commerce, many plans for carrying out the 
project were tried and many schemes were presented the Legislature. 
Finally, the suggestion the Governor, who had vetoed bill which 
provided for the work being commenced the State, the Genesee River 
Company was organized, and legislative authority was secured for 
build the works. Mr. Rafter, more than any one else, worked 
out the details these various campaigns and enlisted the capital 
necessary for such company begin operations. was one his 
disappointments that, because the impossibility securing the con- 
sent the larger owners water-power Rochester, the company 
was unable carry out the work begun it. 

also made surveys for the regulation the flow the Hudson 
River the establishment reservoirs its head-waters, and de- 
signed and superintended the construction great dam Indian 
River, branch the Upper Hudson. likewise planned several 
additional reservoirs, including the great one Schroon Lake. 


Transactions, Am. Soc. E., Vol. 
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One result these reports the various rivers was the formation, 
1902, the New York State Water Storage Commission, which 
Mr. Rafter was member. This Commission made very valuable 
report, and recommended law establishing River Improvement 
Commission, which power should given for regulating any river 
the State. This was adopted the Legislature, modified form, 
and under work was begun several streams. Later, the River 
Improvement Commission was combined with the Water Supply Com- 
mission, which now proceeding comprehensive manner develop 
the natural resources New York State. 

1894, Mr. Rafter was the State Engineer New 
York study movable bridges Europe, and that time spent 
several months England, Holland, Germany, Italy, and France, 
work relating this subject. also investigated several high 
masonry dams, and, upon his return, made reports the State Engi- 
neer each these subjects. 

1898-99, Mr. Rafter had charge the water-supply investigation 
for the United States Board Engineers Deep Waterways. 
Elaborate surveys and estimates were made for ship canal Oswego, 
from Lake Ontario through Oneida Lake and down the Mohawk River 
the Hudson. This work was, perhaps, the most important his 
undertakings, because included plan for the establishment great 
reservoirs the Black and Salmon Rivers, water-supply canal 
more than miles length, alternate tunnel some miles 
length, and also thorough examination the applicability 
hydraulic formulas heavy flows over weirs, and set experiments 
large far beyond anything that line available that time. 

Since 1900 Mr. Rafter had been private practice Consulting 
Engineer, during which time made valuable reports variety 
projects. 1904, prepared, for the State Geologist New 
report the hydrology the State, which authority 
matters relating stream flow. 

Mr. Rafter was largely instrumental inducing the beginning 
systematic observation and record stream flow, both the 
State New York and the United States Government, and his work 
“The Hydrology the State New York” will ever recognized 
important foundation for the great studies which have been 
begun looking toward the development the immense national wealth 
continuously created the streams New York. wrote 
five papers, published the Water Supply and Irrigation Series issued 

the United States Geological Survey, and, the very complete engi- 
neering library which had collected, were included fully 175 books 
and papers which was the sole joint author. was very 
writer, and, addition the books and papers which have 
been published, had written innumerable professional reports. 
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Mr. Rafter was good citizen, the best sense the word—he 
gave his knowledge and experience freely for the benefit Rochester, 
where had raised the family loved. member the Chamber 
Commerce, from its organization, was ever ready and active 
working for the best interests the community. The writer knew 
him personally for twenty-five years, and saw great deal him, 
having worked with him many occasions. 

Mr. Rafter was indefatigable worker, and, any subject which 
interested him, would strive know its farthest detail. His 
brain was big, and contained vast store useful and entertaining 
information. Sometimes was gruff, but his heart was warm, and 
had comprehensive regard for others, perhaps more especially for 
young engineers. had horror their becoming what termed 
“lackadaisical,” and sometimes his advice them was strongly worded, 
but was always anxious explain and demonstrate when they 
were receptive. For several months, during the work the Deep 
Waterways surveys, the writer was closely associated with Mr. Rafter, 
and enjoyed with him kinds professional, religious, 
and other questions, and, for hours, would recite from the 
beautiful masterpieces literature. was rather large man, 
physically, and the writer sometimes likened him Samuel Johnson, 
whom certainly compared with capacity brain. voice 
was deep and musical, and sometimes his feelings were touched 
that his recitations were most eloquent. 

Mr. Rafter left his home Rochester, New York, December 
1907, expecting spend the winter Europe looking matters 
which was interested. While Karlsbad, contracted pleurisy, 
and died two days. 


Mr. Rafter was elected Member the American Society Civil 
Engineers April 2d, 1884. 


CLARENCE GEORGE VAUGHN, Am. Soe. E.* 


4TH, 1908. 


Clarence George Vaughn was born Geauga County, Ohio, 
September 25th, 1853. was the son Vaughn, Am. 

the age eighteen years, Mr. Vaughn was employed the 
Engineer Corps the Kansas Central Railroad the humble position 
Axeman, but was rapidly promoted Rodman,. Levelman, and In- 
Subsequently, accepted the position Assistant 


| 
| 
| 
af 
4 
of 
its 
1e. 
— 
the 
| 
een 
| 
ued 
1gZ1- 4 
| 
ery 
| | 4 
| 


1322 MEMOIR CLARENCE GEORGE VAUGHN [Memoirs. 


Engineer the Kansas City, Wyandotte and Northwestern Railroad 
Independence, Missouri, and, later, was employed the Denver 
and Rio Grande Railroad Assistant the Division Engineer the 
Leadville and Wheeler Branch. was transferred Poncha Springs, 
the line from Salida Gunnison, Division Engineer, 1880, 
and resigned shortly afterward enter the service the Mexican 
Central Railroad the City Mexico. From 1882 1885 did 
miscellaneous work Kansas City and vicinity. 

From 1885 1889, Mr. Vaughn was the employ the Chicago, 
Milwaukee and St. Paul Railway, Assistant Engineer, doing special 
work both the office and the field. His health bégan fail 
this time, and, for some months, was incapacitated for work. 
finally recovered and, 1890, entered the service the New Orleans 
and North Western Railroad Assistant Chief Engineer. became 
Chief Engineer 1893, which position held until 1904, meantime 
also undertaking, 1901, the position Chief Engineer the 
Eldorado and Bastrop Railroad. 

1905, Mr. Vaughn did business Consulting Engineer 
Natchez, Mississippi, but evidently could not resist the fascination 
railroad engineering, for December, 1905, took charge the 
construction the Southern Railroad Company’s line from 
Lafayette Port Allen, Louisiana, Construction Engineer, which 
position served until August, 1907, when went his Natchez 
home unsuccessful attempt recover his health. gradually 
grew weaker and, after suffering for year, entered into rest 
August 4th, 1908. 

The greater part the last eighteen years Mr. Vaughn’s life 
had been spent the swamps Louisiana and Arkansas, which 
doubt contributed his ill-health and tended shorten his useful 
life. 

Mr. Vaughn was accomplished engineer, and was gentleman 
the highest possible type, veritable Chevalier Bayard, “without 
fear and without reproach.” disposition was modest and retiring, 
and his thoughtfulness the comfort and feelings those about him 
was ever source wonder and pleasure them. not fulsome 
praise say that was genuine privilege have known him, and 
that man could know him well without being better man for it. 

survived his father, Vaughn, Am. Soc. E., 
son who practicing medicine Kansas, and his widow who 
resides Natchez, Mississippi, whose grief shared hosts 
friends, for truly “none knew him but love him.” 

Mr. Vaughn was elected Member the American Society Civil 
Engineers November 1906. 
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THE PURIFICATION GROUND-WATERS 
CONTAINING AND MANGANESE. 


Rosert Spurr Weston, Assoc. Am. Soc. 


INTRODUCTION. 


The primary source ground-water the moisture the air. 
part this moisture, which precipitates rain, snow, dew, soaks 
into the ground until reaches impenetrable stratum where col- 
lects greater less amount and called ground-water. The soil 
air also contains moisture, part which condenses beneath the sur- 
face. Although Aristotle considered the mountains the earth 
sponges,* whose interstices collected the rain which appeared later 
springs and wells, the present theory the circulation meteoric 
water comparatively modern. Even late the middle the 
seventeenth century, many the philosophers believed that the source 
ground-water was the water the sea and rivers which, soaking 
into the lower strata the earth, was evaporated and then condensed 
uearer the surface. 

The term “ground-water” comprises spring water and water from 
shallow, deep, and artesian wells. From engineering 


Koenig, Schillings Journal fiir Gasbeleuchtung und Wasserversorgung 
49, 1033. 
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THE PURIFICATION GROUND-WATERS 1325 
these waters differ their hydrology only. They have the same pri- 
mary source, and their physical and chemical characteristics differ 
degree rather than kind. 


the literature the most ancient peoples there fre- 


quent commendation ground-water. was especially attractive 


those living warm climates. Ground-water, especially flowing well 
water, “fountain living was frequently used metaphor 
for expressing excellence; likewise, the modern conception satis- 
factory supply best illustrated good ground-waier, that is, one 
which perfect appearance, agreeable the taste, soft, and bac- 
teria-free. Furthermore, the object all schemes for supplying water 
from other sources approach the characteristics such ground- 
water nearly practicable. Such waters the Alpine supplies 
certain European cities and the well-water supplies few New 
England and Atlantic Coast towns are good examples this kind 
water, what from laboratory standpoint “pure spring water,” 
the popular standard excellence. 

quite unnecessary call mind how satisfactory are such 
supplies. The examples are numerous, especially Europe, and com- 
munities supplied with such waters are unusually free from epidemics 
water-borne diseases. Leipsic, for example, said that sur- 
geons when performing operations use water direct from the tap 
they would sterilized water. 

Most the best the large water supplies the United States 
are from upland surface sources, but the increase the 
catchment areas imposing such additional burdens methods 
purification, whether they storage reservoirs filtration, that 
water which comparison does not have treated protect con- 
sumers against the effects pollution, held greater favor. 

many American cities the water consumption excessive, and 
some has already become problem where for additional 
surface supplies meet the increasing demand. Again, supplies 
which were once satisfactory must now purified protect them 
against chance contamination rapidly increasing population. All 
these factors tend cause favorable consideration ground-water 

the early days the United States, well-water supplies were 
very much used, but later, when larger supplies were necessary, the 
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wells were forgotten. similar condition prevailed Germany. Herr 
Thiem* believed that the example England, foremost sani- 
tary matters twenty years ago, who devoted her energies improving 
and storing surface water, greatly promoted the development sur- 
face-water supplies. These supplies were comparatively “easy ob- 
tain.” They were not dependent upon speculation, deduction induc- 
tion; they required only small knowledge geology hydrology; 
they involved little more than pure problems construction, and for 
these reasons were not difficult. The water was not hard, and very 
often pumping was unnecessary. 

The success the Altona filters during the cholera epidemic 1893 
inspired great confidence filtered surface supplies, and many were 
introduced into European cities. They have operated efficiently and 
economically most cases, and have effected great saving life. 
the same time there has been parallel development the abun- 
dant ground-water supply Northern Germany and Holland, which 
much more acceptable drinking water than surface water 
account the greater insurance against accidental pollution due 
filtration accidental mixing highly polluted unfiltered 
water with the filter effluent. Several these accidental interruptions 
filter operations have occurred during the past ten years, particu- 
larly Altona 1886, 1887, 1888, 1891, and 1892; Berlin 1889 
and Hamburg quite recently. Professor Bernard Fischer* believes 
that this cause epidemics anything but rare. 

present what may called the ground-water movement very 
strong Germany. favored among others such hygienists 
Fliigge, Fischer, and Dunbar, and such engineers Thiem, Ank- 
lam, Lindley, and Grahn, and the general trend toward the use 
such supplies wherever possible. While the German hygienists make 
rather extravagant claims for the sanitary inviolability sup- 
plies and for the protection afforded strata water-bearing gravel 
thin layers overlying silt and clay, still, rule, the supplies are 
excellent. They are usually moderately hard, but after the removal 
iron and manganese and the small amount hydrogen sulphide which 
they may contain, they are excellent appearance, cool, and safe. 
The faults surface supplies, namely, changing temperature, color 


Deutsche Vierteljahresschrift fiir Gesundheitspflege, 29, Heft 
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odor, high first cost, and possibility contamination, have also caused 
the development many so-called gravity “spring-water” supplies. 
Many European cities, Vienna and Naples, for example, which are 
near the mountains, are supplied this way, likewise many mountain 
and villages. 

North America few large cities have been supplied with soft 
ground-water, and, while Indianapolis, Memphis, and Havana have 
ground-water supplies which are moderately hard, the present 
time, Brooklyn, Camden, Lowell, Newton, and Pueblo (Colo.), are about 
the only large cities which have soft ground-water supplies. Eu- 
rope many the largest cities, for example, Budapest, Munich, Dres- 
den, Leipsic, Amsterdam, Brussels, have moderately hard ground- 
water supplies; Breslau, Berlin, and Hamburg, comprising popula- 
tion more than 500 000, are abandoning their filtered surface-water 
favor ground-water. 

One reason for the paucity ground-water supplies the lack 
knowledge, the part engineers and others, the geology and hy- 
drology the subterranean However, great progress has 
been made late years; there more ground-water existent than was 
generally supposed. present not only the alluvium, but some 
porous rocks, such the Potsdam sandstone. believed the 
writer that thorough preliminary study water problems would 
reveal, many cases, satisfactory ground-water sources. Such studies, 
however, should carried one acquainted with hydrological 
methods. Often when true ground-water cannot obtained, may 
practicable supply consumers with artificial ground-water obtained 
irrigating sandy tracts with surface-water and collecting the 
water from the same suitable wells collecting galleries. 

Germany the cost supplying ground-water, deferrization 
included, usually less than that filtered surface-water. This 
because higher rates filtration may used and also because the 
cost operating the filters less. 

his study the Breslau supply, Herr Thiem compared the 

The advantages good ground-water over filtered surface- 
water supply may summarized follows: 

1.—Absence color, odor, and objectionable taste. 
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seasonal variation temperature. 

4.—Lower cost. 

5.—Less danger from frost. 

All ground-waters are not satisfactory. Those which are too hard 
too alkaline and those which contain more than small amounts 
chlorides traces iron manganese are unfit use their un- 
purified condition. This paper does not concern itself with methods 
water-softening alkali reduction, but with the theory and prac- 


COST DIAGRAM 
FILTERED SURFACE WATER VS. PURIFIED IRON-CONTAINING WATER.-THIEM 
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tice the iron-removal processes use Europe and America. 
Germany, Herr Thiem has coined the word enteisenung de- 
scribe the iron-removal process. The new Technological Dictionary 
will give “deferrization” the translation this word, which means 
literally “taking iron away from” (water). Likewise one might use 
demanganization describe the removal manganese. 

The deferrization and demanganization ground-waters will 
discussed under the heads: Theoretical; Historical; European Prac- 
tice; Experience Reading, Mass., and other American Water- 


Works; Demanganization; Design Deferrization Plants; and Con- 
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THEORETICAL. 
Characteristics Typical Iron-Containing Waters. 


When typical ground-waters containing iron are freshly drawn, they 
are clear and colorless nearly so, contain high amounts carbon 
dioxide, sometimes considerable methane hydrogen sulphide, and are 
deficient oxygen. They have the “inky” taste which 
characteristic iron. When sufficient oxygen has had access the 
water, becomes turbid with oxidized insoluble iron, which after 
shorter longer time gathers into flocs and finally precipitates, leaving 
the water itself colorless and free from iron. Where there 
purification plant, this precipitation takes place the distribution 
system; tea made with the water black, rust spots appear linen, 
and white plumbing fixtures are stained with iron rust. After sud- 
den disturbance, after large fire, the water exceedingly turbid 
with precipitated iron oxide. some cases fungus, 
grows the pipes, feeding upon the organic matter and causing pre- 
cipitation the iron contained the water. Frequently the growth 
this organism chokes service pipes and small mains, while the odors 
due its death and decomposition become extremely disagreeable. 
Manganese-containing waters have similar characteristics except 
that the precipitation slower and the stains and deposits are much 
darker color. Certain ground-waters contain little alumina which 
behaves much the same way, but, because the precipitate white, 
has never been known cause trouble, although known ac- 
company the growth 


Character Ground-Water. 


Like other natural products, ground-water containing iron and man- 
ganese varies greatly its composition, shown Table 

The primary sources iron ground-water are the deposits 
iron the earth’s crust, amounting, according Mr. 
5.46%, that is, the fourth importance the elements composing 
the The solvent the iron the ground-water itself, aided 
the acids dissolved it. has been stated many writers, and 
quite commonly believed, that iron exists water salt 
one more the acids, chiefly ferrous carbonate; but 


*D. Jackson, Journal, Society Chemical Industry, 21, 681. 
Corrosion Iron,” Journal, Am. Chem. Soc., 25, 394. 
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GROUND-WATERS 


PURIFICATION 


THE 


(Parts per Million.) 


Temperature, degrees 
Free 0.0 0.7 2.6 0,080 0,008 
0.0 0.00 0.00 0,001 0.001 
trace 0.0 0.0 0.0 0.242 0.20 
24, 5.6 18. 2.7 4,2 
Total 166. 272. 160. 116. 
Sulphuric acid, SO,...... 20. 47. 


Alkalinity (Na,CO,). 


105. 
0.001 
0.06 
5.4 4.1 2.6 
31. 25. 
105. 


Present Present Present 


TABLE CONTAINING IRON AND MANGANESE. 
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has proved that absolutely pure water, free from oxygen and carbonic 
acid, will dissolve appreciable amount metallic iron. The force 
which causes this solution (the “solution pressure”) electrical 
one. Iron has natural tendency into solution. well- 
known fact that piece bright iron immersed solution 
copper sulphate, the metallic copper will plated out the iron, 
and the iron will replace the copper the solution shown the 
following equation: 

The explanation this phenomenon, according the modern theory 
solutions, that copper sulphate electrolyte* and solu- 
tion partially dissociated into its ions, and SO,. There are 
present the positively charged copper ions which have 
less solution pressure than the positively charged iron ions; hence the 
former are attracted the negatively charged metallic iron; the 
charges are neutralized, and metallic copper precipitated. 


This action continues because the copper conductor and does 


not re-dissolve the presence iron for the reason explained above. 
Water, like copper sulphate, dissociated small degree into 
hydrogen, H+, and hydroxyl, OH—. 
OH. 
From electro-physical standpoint, hydrogen metal and acts like 


copper; that is, plates out the metallic iron the negative pole, 
while the iron takes its place solution. 


Its formula may written 


However, the hydrogen 
not liberated readily upon the surface the iron, and soon the con- 


densation gaseous hydrogen, which non-conductor, the sur- 
face the iron checks the action. order that the solution iron may 
proceed further, the force which prevents the hydrogen from being 
liberated gas the surface the iron must overcome. This 
accomplished what the physical chemists term over-voltage; that 
is, necessary increase the concentration the hydrogen ions 
the solution order foree the liberation hydrogen gas, or, 
one may say, that the bubbles gas may crowded off the surface 


*An electrolyte solution which conducts current. The modern theory 
solutions considers that electrolytes, when dissolved water, are separated dis- 
Sociated into component parts called ions. Thus common salt dissociated into its 
ions, which are positive, and its ions, which are negative; Gypsum, 
into ions which are positive and SO, ions which are negative. Any compounds 
thus dissociated, that is, separated into their ions, conduct current. 
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the iron. Then the iron goes into solution ferrous hydrate, hydro- 
gen being evolved. The equation follows: 

Acids like carbonie acid (H, CO,), sulphuric acid (H, 
added water greatly increase the concentration the hydrogen 
ions and promote solution; while alkalies like lime caus- 
soda OH, increase the concentration the hydroxyl ions 
check solution. 

Dr. Allerton Cushman,* Professor Walker, and 
have shown that piece ordinary iron, which never homogeneous, 
immersed water acts like electrolytic couple, that is, produces 
electric currents, the particles metallic iron acting positive poles, 
and the particles carbon, graphite scale, negative poles. They 
have shown that the hydrogen deposited and later given off the 
negative poles, while the solution iron the form ferrous hydrate 
takes place the other. acid water, the one which corrodes iron 
most readily that which has the largest excess hydrogen ions. 

The conclusion from all these studies that, the absence 
oxygen, iron exists water the ferrous unoxidized hydrate. 
This quite soluble water; the amounts usually found water, 
entirely soluble. 

The iron water may from vegetable mineral sources. The 
mineral sources are the iron silicates, carbonates, sulphates, chlorides, 
phosphates, oxides, The chief vegetable source the iron 
plants, living and dead, beginning with the green the 
leaves plants, compound iron, and extending through leaf mould, 
peat, and lignite, anthracite. Generally speaking, all these com- 
pounds are derivatives oxides. 

These deposits iron are more less soluble water which 
free from oxygen, and especially water containing acid. The 
degree solution proportional the amount the acid, because 
the excess hydrogen ions which effects solution. Carbonic 
acid most important this connection, not because strong 
acid, which not, but because its amount usually far greater 
than that any other acid present water. 

The primary source carbonic acid the organic matter the 


*Bulletin No. 30, Office Public Roads, Dept. Agriculture. 
Corrosion Iron and Steel,” Journal, Am. Chem. Soc., 29, 125. 
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The rain water which falls the earth saturated with oxy- 
gen, and, during its passage through the ground, will not dissolve 
iron from mineral although may from vegetable sources. However, 
the organic matter undergoes oxidation, oxygen absorbed and car- 
bon dioxide evolved—the water loses its oxygen and becomes charged 
with carbonic acid. More extended decomposition organic matter 
the absence oxygen may produce hydrogen sulphide and meth- 
ane. One both these gases may dissolved ground-water ac- 
cording its previous history, and increases its solvent power. The 
occurrence black, peaty layer overlying white sand containing 
iron, the white sand turn overylying red sand containing oxidized 
iron, familiar sight all engineers who have made excavations. 
Here the carbon dioxide produced the decomposition the organic 
matter has caused the solution the iron from the upper layer, has 
carried down through the white sand, and has kept solution 
until the iron has become oxidized and re-precipitated the layer 
beneath. Wells sunk beneath such soil may free from iron first, 
but continued pumping may cause much water pass through the 
soil that robbed its small amount oxygen when the iron goes 
into solution and appears the well water. This cause frequently 
met practice. 

stated many geologists that carbon dioxide frequently 
origin, resulting from the decomposition iron carbide 
iron oxide high temperatures. This may explain the presence 
iron the waters deep wells far removed from any deposits or- 
ganic matter. The organic acids, for example, crenic and apocrenic 
acids, may also aid the solution iron. The waters certain Bra- 
zilian rivers which contain large amounts organic acids are said 
very corrosive, and the bottoms iron boats are attacked rapidly. 
The production hydrogen sulphide the presence iron and or- 
matter results the formation ferrous sulphide. This in- 
soluble, but exposed the air readily oxidizes ferrous sulphate 
which very soluble water. This usually the explanation 
the presence ferrous sulphate the so-called “acid iron” waters. 

stated later, manganese sulphide behaves similar manner, 
with the formation manganese sulphate and, the absence alka- 
lies, free acid, which turn effects rapid solution 
the iron and manganese with which the water comes contact. 
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Iron water may be: (1) the unoxidized 
ferrous condition, when soluble water; (2) the oxidized 
ferric condition, when almost insoluble water containing oxy- 
gen; the colloidal semi-soluble form, when may oxi- 
dized, yet all outward appearances solution. Perhaps there is, 
addition, insoluble, vegetable compound iron which present 
the colloidal form. 

According Schwers* such vegetable compound iron pro- 
duced the oxidation organic matter organic acid ferric hy- 
drate. The organic acid thus formed combines with the iron form 
insoluble organic salt iron which exceedingly difficult treat. 
This compound formed after the water drawn from the ground 
and after portion the iron has oxidized. 

Ferruginous ground-waters are three general classes: (1) Those 
which begin precipitate the iron immediately after aeration, like 
many the waters North Germany; (2) Those which will hold the 
iron solution indefinitely, even after aeration, like the dark brown 
water deep wells the acid waters from mines; (3) Those which 
precipitate part the iron within few hours and hold the remainder 
solution indefinitely, like the water Reading, Mass. 

Clear and colorless ferruginous ground-waters never contain oxy- 
gen. When both oxygen and iron are present, the water either 
turbid colored. the latter case the iron held solution sus- 
pension vegetable matter. 

The amount iron water varies from slight trace more than 
2500 parts per million. Manganese does not usually occur large 
amounts, although one occasion more than 220 parts per million 
were found the Breslau supply. rule, however, the waters 
used for water supplies contain less than parts iron per million 
and only small amounts manganese. The average iron content 
certain ground-waters given Table which also indicates roughly 
the geographical distribution ferruginous water. will de- 
duced that the ground-waters Bavaria, Baden, Austria, Switzerland, 
Scandinavia, Italy, and parts North America, seldom contain iron, 
and believed that the same true large parts Russia, Siberia, 
Asia Minor, France, and the Spanish Peninsula, although analytical 


data are wanting this connection. The writer has not been able 


*Révue 30, 192. 
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obtain very much information concerning the iron content the 
waters the British Isles. well-known fact, however, that 
some the hard well-waters England contain more less iron, 
and that can removed the softening process. 
Generally the waters which contain manganese contain still more 


iron. one however, Halle, the amount manganese ex- 
ceeds that iron. 


(Parts per Million.) 
Locality. Fe. Locality. Fe. 
Asbury 9.1 Kiel, Germany.......... 4to7 
Berlin, Miiggelsee......... Reid. Belgium................. 0.97 
Bloomfield, 15. Manchester. 0.07 
Centreville, lowa Posen, Prussian Poland........... 
Chaudfontaine, Belgium ......... Reading, Mass.......... 
Court St. Etienne, 6.3 Spa (Poulion Pierre Grand), 
Glogau (Germany)... 5.8 Tampa, (Sulphur spring 
Gottelheim (Westphalia)... 110. 1.0 
re 
Professor Edward Bartow, Director the Illinois State Water 
Survey,t gives the variation the amounts iron the waters 
Ts 
Illinois follows: 
on e 
springs, from traces 997 parts iron per million; 
drift wells, from traces several wells parts per million 


well Paris, Edgar County, the higher quantities being found 
the deeper wells; 


nd, rock wells, from traces many wells 2506 parts per million 
deep well Kell, Marion County. 

The majority these wells have less than parts iron per mil- 
lion. 


Mr. Winthrop Pratt. 
State Water Survey, Bulletin No. 
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TABLE MANGANESE VARIOUS GROUND-WATERS. 


(Parts per Million.) 


Locality. Mn. Locality. Mn. 
Babylon, 0.07 Hamburg, 0.45 
Berlin, Germany Present Patchogue, 0.20 


Bjérnstorp, Sweden.............. 8.4 Reading, 0.004 0.56 
Brunswick, Germany.. Present Stargard, Germany.. 

Breslau, Germany Trace Stettin, Germany....... 


The amount iron which will cause trouble varies with the water. 
Allen Hazen, Am. Soc. states that water containing 
0.3 part iron per million rarely precipitates, and that 0.5 part the 
allowable limit. This good general rule. However, certain waters 
the Rhine provinces, which contain little 0.1 part iron per 
million, deposit iron oxide the distribution system, while some Amer- 
ican deep well-waters which contain nearly 1.0 part iron per mil- 
lion are used without complaint. 


The Deterioration Ground-Water Supplies. 


Many ground-water supplies which when first put into service fur- 
nish excellent water, are found later years contain gradually in- 
creasing and objectionable amounts iron. The Massachusetts State 
Board Health has made study the ground-water supplies 
the State use the end 1905.§ One these supplies, Brad- 
ford, was bad that was abandoned; the supply Reading has 
purified; that Marblehead purified, and many the 
others now contain objectionable amounts iron which should re- 
moved. Table abstracted from the report, shows how the amounts 
iron have increased ten years. results tests for man- 
ganese have been published. 

Fig. shows the increase the amount iron the Reading 
water supply. 


furnished Mr. Lonnsbury. 
Public Water Supplies,” 186. 
for 1905. 
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GROUND-WATERS. 


Hyde Park, wells near Neponset River.............. 0.14 0.16 0.41 
Lowell, Boulevard wells............ 0.32 0.32 


The Board reports that: 


“The deterioration usually most marked those sources which 
are located near pond stream, the water being derived such 
cases part from the rain which falls upon and sinks into the ground 
the neighborhood the collecting works, and part percolation 
through the ground from the neighboring surface source 

“Tron frequently present water which has passed through peat 
and other soil containing large quantity organic matter, and 
which has not been subsequently purified its passage through sand 
gravel the collecting works; and some cases the deterioration 
ground-waters has been due the reduction efficiency the 
filtration water which has taken organic matter and iron from 
peat muck near the surface the ground. example such 
deterioration found Billerica, where the wells are located the 
midst extensive meadow which contains the surface deep 
deposit organic matter.” 


The Board also demonstrates that increased draft often respon- 
sible for the deterioration the character the water. “At Lowell 
great improvement was made the quality the water drawn 
from the ground the vicinity the Merrimack River exten- 
sion the collecting works.” like improvement has been observed 
other places, but usually temporary character only. 

There has been unfortunate tendency cases where the iron 
has inereased, the above, abandon the ground-water supply, 
with its invested capital, and seek another source. Such ground- 
water, purified, would safer than filtered surface-water, and 
most cases more economical. 
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Reading, Mass., Water Supply. 


There iron-containing water the writer’s experience which 
has been instructive that from the Reading, Mass., filter gallery. 
Fig. shows the location and construction this gallery. 

The Reading filter gallery was built 1890 the late 
2.5 ft. wide, 4.0 ft. high, and 240 ft. long, placed the water-bearing 
gravel beneath the littoral marshes the Ipswich River which fre- 
quently overflow its banks. The bottom the gallery ft. below 
the surface the ground, while the normal ground-water level, even 
during droughts, rarely ft. below the surface. Water pumped 


SKETCH SHOWING 
LOCATION AND ARRANGEMENT 
THE 
READING FILTER GALLERY 


from the gallery for about hours per day, average, and, cer- 
tain times the year, the ground-water level may depressed more 
than ft. below the surface just before pumping finished. The 
water this gallery mixture three kinds, namely, 

The true ground-water which flowing from the higher land 
toward the river; 

The seepage from the peaty matter immediately above the gal- 
lery; and 

The water which filters directly into the gallery from the river. 

All these components are different character, and, consequently, 
the mixture not only varies with the season, but, times, with the 
hours single day. According Desmond FitzGerald, Past-Presi- 
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dent, Am. E., more than half the water collected 1893 came 
from the Ipswich River. the water from the ground itself could 
kept separate, probably could purified simple aeration and fil- 
tration. The river water somewhat colored with vegetable matter, 
contains oxygen, and could coagulated with sulphate alumina 
without difficulty. The seepage from the overlying peaty layer rich 
humus-like bodies, and the cause most the difficulties which 
have been experienced. When, after prolonged drought, there comes 
heavy rain sudden overflowing the meadow, the humus sub- 
stances are dissolved considerable degree, and, seeping downward, 
become mixed with the gallery water. These substances form com- 
pounds with iron which without special treatment will not coagulate 
and precipitate for weeks, although the iron oxidized quite readily. 
When the water containing humus matter and iron heated, the 
color deepens. Boiling, which usually hastens the precipitation iron 
from ground-water, only serves form more this compound 
iron with organic matter and keep the iron longer suspension. 
Carbon dioxide, however, prevents the formation this compound, 
and water fresh from the wells and treated with carbon dioxide before 
the compound formed can freed from iron more readily than 
the untreated water. the other hand, the addition carbon dioxide 
after the compound has once formed seems have little effect 
upon the precipitation the iron. 

These facts are shown the following experiments: 

Experiment No. sample water was col- 
lected February 17th from the Reading filter gallery and boiled 
min. During boiling the color increased from 120. The amount 
iron the sample was 3.4 parts per million, 3.3 parts which 
were the oxidized condition. The boiled sample was cooled, aerated, 
and allowed stand for hours. was then filtered through paper 
and found contain 2.9 parts iron per million. The filtered un- 
treated sample 1.6 parts iron per million. 

Experiment No. 2.—Effect Addition Carbon Dioxide Fresh 
two samples fresh Reading water containing 3.4 parts 
iron per million were added: (a) cu. em. distilled water 
charged with carbon dioxide; (b) cu. plain distilled water. 
The latter sample was the control. 


After two weeks tightly sealed bottles, the following amounts 
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iron were found the filtered samples: (a) 0.3 part per million; 
parts per million. After month, the filtered untreated water 
still contained iron. 

Experiment No. 3.—Effect Addition Carbon 
Sample Stale sample water, not freshly drawn, con- 
taining 2.5 parts iron per million, was treated with carbon dioxide 
Experiment No. After three days the treated sample filtered 
through paper contained 1.4 part, and the untreated control sample, 
1.1 part iron per million. After one week the amount iron the 


treated sample had dropped 1.0 part, and the control 0.92 part 
per million. 


Analytical Characteristics Typical Reading Waters. 


Table gives the results three analyses samples collected 
February 17th, April 2d, and July 4th, 1908, respectively. 

The first sample represents water which contains the iron and or- 
ganic matter compound which difficult treat. The second 
sample, the contrary, one from which the iron removed with 
less difficulty. The third sample contains the minimum seepage 
water. The most important hindrance seems the organic matter, 
shown the color and albuminoid ammonia, while the presence 
nitrite indication seepage from the overlying peaty de- 
posits. 

(Parts per Million.) 


Source 


Reading, Filter Gallery. 


Feb. 17, 1908 Apr. July 1908 
Feb. 18, 1908 Apr. 1908 July 1908 

Color boiled water....... ..... 120 

Free 0.139 0.054 
Nitrogen Albuminoid ammonia. 9.178 0.102 
0.006 0.002 0.000 
0.15 0.20 0.10 
Hardness, soap method.. 50. 23. 
Residue 130. 102. 
Iron filtered sample.. 8.3 1.6 0.90 


Dissolved 1.4 
0.38 0.004 6.000 
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Parts per 000 000 


DIAGRAM SHOWING 
VARIATION THE AMOUNT IRON 
THE 
READING WATER SUPPLY 
1902-1903 


FROM REPORTS OF MASSACHUSETTS 
STATE BOARD OF HEALTH 


Fia. 3. 
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single day some the constitutents may vary shown 
tests made July 4th, 1908, the results which are given Table 


TABLE 


PARTS PER MILLION. 


Carbon dioxide. Dissolved oxygen. 


7.15 4.30 35. 2.15 
9.00 
9.30 0.46 
10.00 35. 
11.00 36. 0.80 
12.00 39. 0.86 
3.40 1.90 1.89 


Iron color and organic matter coagulates very 
slowly. average sample water collected February 20th, 1908, 
was allowed stand bottle exposed the air. the begin- 
ning the experiment contained 1.5 part dissolved iron per 
million. After various periods time contained the following 
amounts: 


The quantity iron ground-water may vary greatly, 
shown Fiz. This diagram gives the amount iron the Read- 
ing water since 1892, determined by. the Massachusetts State 
Board Health. 

Naturally, the methods for purifying such water that from 
Reading must varied because the water varies character. 
iron exists many physical states. and its removal times beset 
with many hindrances. Sometimes the chemical reactions (simple 
oxidation) are not interfered with; other times the iron may 
oxidized, but such physical state that will not precipitated 


Time. Iron. 

= 
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within reasonable time. may said the colloidal con- 
dition—or semi-solution. 


Properties Colloidal Mixtures. 


The theory the iron-removal process has physical well 
chemical basis, and necessary this point define the 
nature solutions general order that the nature the dilute 
solutions iron natural water particular may better under- 
stood. Any brief résumé must inadequate, but more detailed in- 
formation may found recent chemical literature.* 

For the purposes discussion, all solutions suspensions water 
are called mixtures, and these mixtures physical chemists recog- 
nize three groups: 

A.—Solutions (e. g., salt water). 

B.—Colloidal solutions (e. g., gelatine water). 

C.—Colloidal suspensions (e. g., extremely finely divided clay 
water). 

Nearly fifty years ago the English scientist, Thomas 
separated all substances which form solutions, that is, homogeneous 
mixtures with water, into two groups, namely, crystalloids and col- 
loids. Common salt dissolves water and can 
from water unchanged. exerts osmotic pressure, that 
is, will diffuse through parchment. The solution not viscous. 
and will solidify gelatinize when the solution cooled. will 
not through parchment, and, therefore, the osmotic pressure 
very low. 

The names arose because the crystalloids usually separated from 
their mixtures erystals, while the colloids separated amorphous 


glue-like state, hence from the Greek word, mean- 
ing glue. 


Noyes, “The Preparation and Properties Colloidal Journal, 
Am. Chem. 27, 850; “Zur Kenntniss der 


Chimie Physique, 1-77, 121 (1862); 127 (1864). 


from the Greek (through) and “luein’’ (to loose), meaning 
Separate taking advantage the unequal diffusion certain substances especially 
through permeable membranes; for example, parchment bag filled with salt 
solution suspended running water, will observed that the salt diffuses 
through the parchment bag after short time, while solution gelatine similarly 


treated would remain within the bag indefinitely. This method used separate 
colloids from 
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Crystalloids diffuse through colloids, but colloids are impenetrable 
other colloids; for example, stick agar jelly made from 
Japanese seaweed) immersed solution salt, will found 
that the salt will diffuse through the agar with almost the same rapid- 
ity through water, while, the agar immersed melted gelatine, 
penetration will occur. 

Both and colloids solution pass through filter paper 
unchanged, but the latter not penetrate these col- 
loidal mixtures there are two classes. Glue typical one class. 
When its mixture with water evaporated, gelatinizes and can 
recovered and re-dissolved repeatedly. The addition moderate 
amount substance like salt does not cause coagulate and pre- 
cipitate. The mixture more viscous than water, and the viscosity in- 
creases with the amount glue dissolved. 

The second class colloidal mixtures entirely different. 
possible divide metallic gold into such fine particles that will re- 
main suspended pure water indefinitely, and, furthermore, will 
offer more resistance the passage light than that afforded 
solutions certain crystalloids. This mixture, ruby red color, 
will pass through filter paper unchanged, but, unlike glue, cannot 
re-dissolved water after being precipitated, without long-continued 
shaking and agitation the particles. means the ultramicro- 
scope and special methods lighting, particles gold small 
0.000002 mm. have been measured, and stated some that the 
particles this mixture approach the gold molecule size. The mix- 
ture permanent the water pure, but small quantity any 
salt (any electrolyte) added the mixture, the gold immedi-: 
ately precipitated and cannot resuspended except prolonged 
shaking with pure water. This mixture not viscous are those 
the first class. Many other substances act like gold, for 
example, filter paper, kaolin, metallic sulphides, and even glass. Pro- 
fessor Noyes calls the first class (viscous, gelatinizing colloidal 
mixtures not coagulated salts) colloidal solutions, and the second 
class (non-viscous, non-gelatinizing, but readily coagulable mixtures) 
colloidal suspensions. 

The dividing lines between these groups have not yet been clearly 
defined. fact, there some doubt they can defined. il- 
lustrate, has been shown experiment that after 
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solution ordinary soda and water whirled rapidly centrifugal 
machine for considerable time, the concentration the soda the 
solution greatest the and least the center. This 
leads one ask the differences between these various bodies are not 
simply differences the sizes the particles, differences degree 
rather than kind. not this true colloids least, which, al- 
though they pass through coarse filter like paper, cannot pass 
through finer filter like parchment, perhaps because the well-known 
greater sizes their molecules? Are not colloidal suspensions simply 
mixtures where the substances suspension have been subdivided into 
particles fine that the effect gravity overweighed? satis- 
factory answer this question has yet been given, but without going 
deeper into the chemical theory, the writer would state that electrical 
forces have something with keeping some the bodies solu- 
tion suspension, that is, the particles are kept constant motion 
and cannot subside. 

Colloids suspended water may separated into two groups: First, 
those which when subjected the influence current 
migrate toward the negative pole, that is, move with the current. 
These are positive colloids. Second, those which migrate toward 
the positive pole, that is, against the current. These are called nega- 
tive 

The problems connected with the purification ground-waters con- 
taining iron and manganese are those the coagulation and precipi- 
tation the positive suspended colloids, such the hydrates the 
metals (iron hydrate, manganese hydrate, The coloring matters 
some the highly colored deep-well waters, like the deep-well 
waters the Mississippi Delta and those proposed for the water sup- 
ply Posen (Prussian Poland), and, perhaps, the Dismal Swamp, are 
largely negative colloids. The finely divided suspended clay muddy 
river water also negative colloid. 

Fig. illustrates the classification colloids. 


Theory the Deferrization Process. 


Tron (or manganese) the water springs and wells the 
form colloidal mixture. the water remained pure, this mixture 
would permanent. Soon after aeration, however, the salts dissolved 
the water, the presence suspended matter contact with filter- 
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ing material, one all, cause the colloid coagulate and pre- 
cipitate amorphous matter; the case iron, amorphous ferric 
hydrate which when dried becomes ordinary iron oxide. 
The chief difficulty the deferrization process precipitate the 
colloidal iron hydrate within reasonable length time, and all 
schemes and devices try accomplish this end. 


PROPERTIES SOLUTIONS: 


AQUEOUS MIXTURES. 


CRYSTALLOIDS. COLLOIDS. 


COLLOIDAL SOLUTIONS. COLLOIDAL SUSPENSIONS. 
(Reversible) (Irreversible) 


POSITIVE COLLOIDS. COLLOIDS. 


Herr Schmidt and Herr Bunte, the Technological High 

School Karlsruhe*, and others, have made studies the chemical 
reactions which take place during the deferrization process. The proc- 

ess may divided into phases follows: 

1.—The first requirement for the precipitation iron the pres- 
ence oxygen which the oxidation the iron effected. 

2.—The oxidation ferrous hydrate depends hydrolysis the 
decomposition water, expressed the following equation: 


Ferrous Hydrate. Water. Oxygen. Hydrate. Water. 


3.—The ferrous hydrate becomes oxidized into the insoluble 


*Schillings Journal fiir Gasbeleuchtung und Wasserversorgung, loc. cit. 
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hydrate which exists the form colloidal suspension and remains 
solution until finally 

4.—The transformation the colloidal suspension into the insolu- 
ble, gelatinous ferric hydrate effected various conditions which 
exert helpful influence this action, last causing the iron 
precipitate amorphous ferric hydrate. 

The discussion the subject may separated into divisions cor- 
responding the different steps the process, namely: The absorp- 
tion oxygen; the oxidation the iron; and the precipitation the 
oxidized iron. 

The Absorption realized that part oxy- 
gen will oxidize parts iron, FeO that is, cu. 
cm. oxygen will oxidize mg. iron, and that water under ordinary 
pressure (760 mm.) and ordinary temperature (20° cent. 
68° fahr.) will absorb maximum 9.19 parts oxygen per mil- 
lion, 6.32 em. per liter, will realized how easy sup- 
ply the necessary oxygen water purified. Often leaky 
suction, badly packed glands, small air-cock will admit sufficient 
quantity. Often the filtering layer pressure filters filled with 
ings, bone magnetite will store enough oxygen during 
washing when standing idle oxidize the iron the water filtered 
between times. this were not would impossible ex- 
plain the suecess closed filters under certain conditions 
easy explain why these filters fail when there more iron present 
than oxygen oxidize it. 

Neither oxides tin nor the iron ores which have been used 
filtering material give their combined oxygen water, but Schmidt 
and Bunte* found that 575 brown hematite contained cu. 
various gases which had condensed the surface the material, 
while Dunbar and Kryck* have shown how oxygen absorbed from 
water and air the moist ferric hydrate which collects the surface 
the gravel and sand aerator filter while the devices are stand- 
ing empty. 

This explains why aeration not always necessary with intermit- 
tent filters, and why Piefke* found that his coke aerator required 
three months reach its maximum efficiency, that is, three months 
colleet good moist iron hydrate. 


—,_. 


*Loc. cit. 
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Water standing tanks and reservoirs absorbs oxygen very slowly. 
hours, under ordinary conditions, rarely penetrates depth 
more than in. The air and water must brought into more inti- 
mate contact shaking, spraying, cascades; letting the water 
fall through towers filled with either coke, brick, broken stones, wood- 
slats, any other arrangement which will expose the water 
thin layers the air. 

Oesten* has observed the shown Table dissolved 
oxygen when water was sprayed from varying heights. 


TABLE 
HEIGHT FALL. 
Oxygen, absorbed, 
parts per million. 
Centimeters. Inches. 
1.21 
1.79 
2.52 
100 6.50 
7.33 


aerator tower, ft. high, filled with 1-in. broken stone, 
Reading, Mass., the writer observed the following degree absorption 
oxygen, the period aeration being about sec. 


Dissolved 
parts 
per million. 


Thus will seen that very easy matter supply water 
with the necessary oxygen. 

Dunbar and Kryck have shown that iron can oxidized when 
the minimum amount oxvgen necessary combine with the iron 
present; and, furthermore, have proved that the desirability re- 
moving the carbon dioxide has been over-emphasized. sure, 
other things being equal, the presence carbon dioxide retards the 
oxidation iron, and, furthermore, Dunbar and Kryck worked with 
water which contained many those salts which assist precipita- 
tion and, therefore, might minimize the effect the carbon dioxide. 


*Schillings Journal fiir Gasbeleuchtung und Wasserversorgung, 34, 283. 
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one occasion, however, they added 297 parts carbon dioxide per 
million aerated water which already contained 150 parts car- 
bon dioxide and succeeded reducing the iron 0.2 part per million 
subsequent filtration, which result was neither better nor worse than 
those obtained without this excessive amount carbon dioxide. The 
filtered water contained 447 parts carbon dioxide per million. 

Not only excessive aeration unnecessary most cases, but 
some exceedingly undesirable, because renders the precipitation 
the iron more difficult. has already been shown that compounds 
iron and humus matter are difficult treat, that they result usually 
from mixture the seepage from peaty deposits with iron-containing 
ground-water, and that the presence carbon dioxide which would 
removed excessive aeration prevents the formation this com- 
pound and allows the iron oxidized and removed. 

One advantage removing carbon dioxide aeration the 
diminution subsequent corrosive action the distribution system. 

Oesten* observed the Zoological Garden, Berlin, that iron 
was dissolved from the service pipes the aid the carbonic acid 
left the water after single filtration, shown Table which 
gives analyses samples from different parts the Garden. 


TABLE 
Dec. 10th, 1907. Dec. 17th, 1907. 

mps mps 

working. idle. 

2.04 

0.26 0.30 

0.88 0.51 

0.17 

0.26 3.66 

0.35 0.30 

1.41 5.15 

1.07 


These results were confirmed another set analyses samples 
taken January 11th, 1908, when the filtered water was found con- 
tain 0.21 part, the double filtered water less than 0.01 part, and the 
water from the old ape house, 0.13 part ferrous oxide per million. 

The solvent effect the water has been greatly reduced double 
filtration with the consequent aeration. 


*Schillings Journal fiir Gasbeleuchtung und Wasserversorgung, 51, 203. 
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Oxidation the oxidation iron effected hydroly- 
sis, that is, the molecule water, OH, split into and OH, its 
ions; the ion combines with the ferrous hydrate form the fer- 
ric hydrate, while the hydrogen unites with the free oxygen form 
water. This action (hydrolysis) retarded acids and accelerated 
alkalies and contact with rough surfaces such the material 
used filters and aerators, the ferric hydrate which has already been 
expressed mathematically Prinz’s* formula, follows: 

amount ferrous (unoxidized) iron, 


oxidized during elapsed time. 


coefficient which varies directly with speed reaction, and 
waters showing high values are most readily purified. Many 
workers, including Fischer,§ Luebbert,|| 
Darapsky,** Schmidt and Bunte,t+ and have discussed 
this reaction from many points view, and the subject will dis- 
missed with two illustrations: 

1.—The influence acid, for example, acid. 

The experiment Schmidt and Bunte, Table with two 
waters containing 9.5 parts iron per million and differing their 
carbon dioxide content only, shows how the presence carbon dioxide 
retards the oxidation iron. 

The value the water rich carbon dioxide averages 1.8; 
the other water, 15. This means that fourfold increase the 
amount carbon dioxide has decreased the speed oxidation eight- 
fold. has stated that solutions ferrous carbonate the 
velocity reaction inversely proportional the square the 
concentration the acid. 

*Schillings Journal fiir Gasbeleuchtung Wasserversorgung, 35, 164. 


Zeitschrift fiir Hygiene (1890), 148. 
tPiefke, loc. cit. 


§Fischer, Zeitschrift fiir Hygiene (1893), 13, 251. 
Zeitschrift fiir Hygiene (1895), 20, 397. 
Zeitschrift fiir Hygiene (1896), 22, 68. 
Gesundheits-Ingenieur, 1904. 
and Bunte, loc. cit. 


Report, Mass. State Board Health, 1891; also, Journal, New England 
Water Works Assoc., 11, 277. 


der deutschen chemischen Gesellschaft, 40, (1907). 
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TABLE INFLUENCE CARBON DIOXIDE THE SPEED 


A WATER RICH IN CARBON DIOXIDE. 


Elapsed time since Iron found the Free Oxygen, 
the beginning solution,in parts parts Cubic centimeters 
reaction, hours. per million. per million. per liter. 


0.5 270 4.07 1.3 

8.25 8.3 4.50 
145 4.86 2.2 
140 4.90 2.1 
120 0.82 117 5.20 


A WATER LOW IN CARBON DIOXIDE. 


surface contact. 
the Henry-Dalton law, oxygen will displace carbon 
dioxide water, that is, oxygen will “wash out” water 
opportunity given. This exchange gases promoted contact 
with rough surfaces.* 

Faraday has shown that oxygen and other gases are condensed 
the surfaces solid bodies. 

Dunbar and Kryckt have given examples how intermittent 
filter effects exchange gases. During their experiments with 
intermittent filters, was observed that directly after idle period 
the amount dissolved oxygen the filter effluent was more and the 
amount carbon dioxide less than the influent, but toward the end 
the period operation the oxyger almost disappeared from the 
while the carbon dioxide increased amount. The explana- 
tion that the oxygen condensed the surfaces the filter 
material during the idle period. Then the filter put into service, 
and the water seizes upon the stored oxygen until the supply ex- 
hausted; meanwhile the filter material absorbs carbon dioxide from the 


*Piefke, loc. cit. 
cit. 
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water until last becomes saturated. such times the effluent 
often contains more carbon dioxide than the influent. short period 
rest suffices for the oxygen the air displace the carbon dioxide 
absorbed the filter during operation. 

Schmidt and Bunte* have also shown that the removal carbon 
dioxide aided multiplicity contact surfaces. They filtered 
water, after various periods standing contact with air, through 
filter paper and new, pure, quartz sand, respectively. Before treatment 
contained 9.5 parts iron and 307 parts free carbon dioxide per 
million and 4.13 cu. dissolved oxygen per liter. 


TABLE 10.—INFLUENCE THE PRESENCE SAND THE SPEED 


WITHOUT SAND: 


Elapsed time 
9.5 307 4.18 
0.25 9.0 304 4.87 
8.5 278 5.2 
8.2 184 5.24 
8.0 146 5.4 
2.25 7.5 115 5.61 
5.14 3.8 5.98 
6.5 2.2 6.05 
WITH SAND: 
0.25 7.9 181 4.76 
2.25 4.7 5.4 


The effect contact with sand the speed reaction very 
noticeable. The value when sand was present was about three 
times great when was absent. 

Iron exists water company with acids other than carbonic, 
for example, hydrochloric, nitric, sulphuric, The expression “in 
company with” rather than “combined with” more accordance 
with modern chemistry and engineering, and used purposely. Were 


*Loc. cit. 
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ferruginous water concentrated solution, different idea might 
entertained, but where the dilution very great, the greater part 
the iron the form the hydrate, positive ions 
acids—negative ions. Therefore, ground-waters are solutions iron 
and acids, rather than solutions iron salts. Waters containing 
and sulphuric acids and little alkali are difficult 
purify because the presence acid prevents hydrolysis, and thus checks 
the reaction.* Unlike carbon dioxide, these acids remain solution 
and are not removed aeration. The iron cannot completely 
removed from waters containing free acid without the addition 
alkali. 

The converse also true, namely, the presence alkali, 
especially caustic alkali, greatly favors the reaction, because 
introduces hydroxyl (OH) ions, the excess which hastens the 
action between the ferrous hydrate and the hydroxyl ions already 
present the water. 

should borne mind that most natural waters are alkaline, 
and that the presence free mineral acid largely theoretical 
interest. 

The Precipitation Oxidized Iron.—When iron oxidizes and pre- 
cipitates becomes iron hydrate, that is, iron-rust plus water. The 
particles may fine, however, that they remain colloidal sus- 
pension indefinitely; fact, this colloidal suspension one the 
transition stages between dissolved iron and precipitated iron-oxide 
sludge. The passing out the colloidal stage called coagulation. 
coagulation begins, the fine particles attract and adhere one 
another form aggregates. These aggregates become large enough 
precipitated gravity, and subside. Meanwhile they attract 
other aggregates until the liquid filled with visible flocs slowly 
subsiding ferric hydrate. This process not instantaneous; may 
finished few minutes may require months, according the 
character the water under consideration; and the aim engineering 
practice reduce the time minimum. 


Factors Which Influence Coagulation. 


has expressed the opinion that the electrical forces 
which hold iron solution must neutralized cause its precipita- 


*See 1346. 
des Travaux Chimiques des Pays-Bas Belgique, 19, 204-230 
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tion. Without elaborating this statement may said that among 
the conditions which influence the coagulation and precipitation 
iron hydrate are the following: 

Presence electrolytes; 

Presence alkalis; 

Agitation and friction; 

Contact with filtering material precipitated iron hydrate; 

Temperature; 

Presence humus compounds; 

The relative concentrations positive and negative suspended 

colloids, respectively. 

Presence weak solution common salt 
added colloidal suspension iron hydrate pure water, the 
hydrate coagulates brief time. This because electrolytes precipi- 
tate colloids from colloidal suspensions. understand this phenome- 
non necessary consider that salts not exist such aqueous 
solutions, but they are dissociated more less completely into 
component parts which are called ions. The force which causes this 
dissociation electrical one, the reverse the well-known technical 
electrical process for transforming common salt into its constituents, 
namely, sodium (hydrate) and chlorine (gas), where the sodium ion 
the solution migrates with the current the negative pole; the 
chlorine ion against the current the positive pole. 

Likewise, carbonate (Ca Co,) solution partially dis- 
sociates into (Ca) and carbonic acid (CO,), and magnesium 
sulphate (Mg SO,) into magnesium (Mg) and sulphuric acid (SO,). 
This explanation according Arrhenius’s Theory Electrolytic 
Dissociation. Ions, like suspended colloids, are two kinds, namely, 
positive and negative, and customary speak the “electric 
charge” ion—that is, positive ion carrying positive charge 
and negative ion negative charge. 

The important fact this connection that the positive ions 
are mainly responsible for the precipitation negative colloids and 


vice versa; thus the chlorine ion common salt which mainly 
effects the precipitation colloidal ferric hydrate. The chlorine ion 
negative, the colloidal ferric hydrate positive charge. 

example the precipitation negative colloids electro- 
lytes the formation bars the mouths rivers carrying 
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clay suspension. While the formation due large degree 
the checking the velocity the current, which causes the coarser 
particles precipitate, the presence electrolytes the sea 
water which causes the precipitation the extremely finely divided 
clay. These facts are well established; the mechanism coagulation 
has not yet been completely elucidated, although chemists have 
advanced interesting hypotheses. 

The importance the law electrolytic dissociation this con- 
nection lies the fact that, suspension colloidal ferric hydrate, 
the speed precipitation, other things being equal, proportional 
the cencentration the negative ions the ground-water under con- 
sideration. The precipitation little accelerated, all, the 
presence positive ions; for example, the amount the carbonic 
acid ion carbonate, not the amount the ion—the 
number the chlorine ions magnesium chloride—not the amount 
the magnesium ion—which does the work. the latter case the 
magnesium ion charged with positive electricity double the 
extent that the chlorine ion with negative electricity, because one 
magnesium ion equivalent chemically two chlorine ions. 

Freundlich* has determined the relative amounts various electro- 
required coagulate colloidal hydrate, follows: 

Salt. Coagulation 


concentration, milli- 
equivalents per liter. 


Barium 9.6 


This shows that, other things being equal, waters containing sul- 
phates precipitate iron much more rapidly than those containing the 
same amounts chlorides nitrates. 

Schmidt and have made experiments determine the 
effect various salts the speed precipitation iron from 


waters, and have obtained results accordance with 
Freundlich’s observations. For example, the 


found that carbonates 


*Zeitschrift fiir Phys. Chem., 44, 135 and 151 
cit. 
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aided precipitation more than sulphates, and sulphates more than 
chlorides. This explains why the waters the North German plain, 
containing much carbonate and considerable sulphate, are more readily 
purified (leaving the effect vegetable matter out consideration) 
than the soft waters the New England coast. 

Presence the iron oxidized, alkalis assist the 
precipitation iron other electrolytes, increasing the con- 
centration negative ions. 

Agitation and Friction—Many observers have noticed that one 
two bottles aerated, iron-containing ground-water shaken, 
will deposit iron more quickly than the sample which not shaken. 
Perhaps shaking serves bring the particles together just the 
churning cream causes the globules fat separate from the milk. 
inert suspended matter present during the shaking, the precipita- 
tion hastened. Likewise the passage, through layer clean, pure, 
quartz sand glass beads will often cause the sudden precipitation 
the iron. 

Contact with Filter Material Precipitated Iron has 
been the common belief Piefke and many others that the 
contact with filtering material and not the size the same which 
precipitates and retains the ferric for example, many Euro- 
pean deferrization plants have filtering layers composed sand which 
coarser than mm.; material seemingly coarse enough pass 
quite coarse precipitates. This belief tenable. The vital thing 
multiplicity surface contact. this connection may mentioned 
the well-known efficiency gravel-roughing filters* for the removal 
colloidal suspended clay from the waters muddy rivers. 

little precipitated ferric hydrate added sample water 
just about precipitate its iron, the action will accelerated 
marked degree. This another reason why filters are more 
after the filtering material itself has acquired layer iron hydrate 
than before. The action the iron hydrate has been shown 
Dunbar and others purely physical one. really porous, 
spongy mass which increases the effective contact area exposed the 
water passing through the filter; added directly sample 
water, exposes very large surface the water and hastens the 


*Reports Water Supply Department Philadelphia, Pa.; Ad. Kemna, 
Engineering News, 59, 328. 
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precipitation this way. Again, one may conceive “starter,” 
that is, multitudinous nuclei around which the fine particles sus- 
pended colloidal ferric hydrate cluster, thus helping neutralize the 
charges which keep the hydrate suspension. 
and others have stated that temperature 
affects the coagulation colloids concentrated solutions only. 
Schmidt and Bunte* have observed that while increase tem- 
perature accelerates the liberation carbon dioxide, therefore 
increases the speed oxidation, the direct effect temperature 
the precipitation iron from waters having the same amounts 
carbon dioxide could not determined. Knoxville, Tenn., the 
writer has observed that the coagulation the finely divided clay 
the Tennessee River water sulphate alumina much more 
easily accomplished summer than winter; still, other conditions, 
such the character the suspended matter and the concentration 
salts (electrolytes) the water, may not constant throughout the 
year, and may offset the apparent effect temperature. 
Doubtless ferric hydrate will coagulate little faster higher than 
lower temperatures, but this effect too slight the case 
dilute solution fairly uniform temperature, like ground-water, 
any considerable importance from engineering standpoint. 
Humus the active principle leaf-mould, 
and the name has been given mixture various substances 
indefinite composition which have resulted from the decomposition 
organic matter, the partial complete absence oxygen. They 
may considered the products Nature’s septic tank. 
necessary distinguish the main classes humus matter from one 
another; even recent literature, statements have been made which 
show lack appreciation any difference humus compounds. 
Some these bodies are albumens; some are gums; some are organic 
acids; some are acids combination with calcium, magnesium, iron, 
and some the bodies combine with iron and form brown- 
colored compound. From water-purification standpoint, however, 
there are three classes, namely, those solution, those colloidal 
solution, and those colloidal suspension. 
The first class probably affects the deferrization process but little. 
Not much known this class, and their existence doubted 


*Loc. cit. 


| 
) 
ae 
4 


many chemists. They may impart taste odor water, which taste 
odor can removed aeration, ozonization, absorption. 

The second class, humus matter colloidal solution, great 
hindrance the precipitation iron. These gelatinous gummy 
bodies are not precipitated aeration. remain solution 
indefinitely until absorbed suspended matter the action 
filtering material, until they are destroyed bacterial action. 
What worse, very small amount these gelatinous bodies will 
hinder the precipitation larger amount iron. They are more 
apt present seepage water from near the surface than the 
dark brown water deep wells, leading one believe that the more 
recent the decomposition vegetable matter, the larger will the 
proportion these humus bodies colloidal solution. They yield 
readily treatment with ozone. 

The third class humus matter also important. has been 
known for long time that the coloring matter the Dismal Swamp 
(Virginia) water when exposed air would coagulate and precipitate 
spontaneously. Most the surface water the Bavarian forest has 
brown color, but after short run the brooks and rivers becomes 
perfectly clear.* 

The writer has observed the same phenomenon the Adirondacks. 
Such waters are apparently clear, but the coloring matter really 
colloidal suspension. 

Recently, Wernike and have shown that when the dark 
brown, Artesian well water from the vicinity Posen (Table 11) 
mixed with the iron-containing, shallow well-water supply the 
the color and iron are precipitated immediately, enough oxygen being 
present oxidize the iron. The water some the wells supplying 
Kiel contains both coloring matter and iron which when exposed the 
air precipitate spontaneously.t The precipitate the form dark 
brown, coarse flocs which contain humus matter and iron only. 
this case, the different waters were originally the ground 
and were mixed below the surface rather than above, Posen. 

The Effect the Relative Concentrations Positive and Negative 
Colloids, best explanation the above-mentioned 


*H. Bliicher, Wasser,” 119. 
cit. 
Dr. Fischer, Hyg. Rund., 17, 1089. 
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TABLE 11. 


PROPORTIONS MIXTURE. 


Shallow 
well water. 


Ferruginous. 


cu. cm, 
900 


Artesian 
water. 


Colored. 


cu. cm, 


Clearness. 


Bit. 


Artesian 


ONE Hour AFTER MIXING. 


Appearance: 
Transparency, 
centimeters. 


Color. 


Chlorine. 


yellow brown......... 


“ 


very 


almost 


“ 


very sit. brown....... 


dark 


Oxygen 
consumed. 
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precipitation phenomena that the brown coloring matter 
negative, suspended colloid and the ferric hydrate positive, suspended 
colloid; that is, their electric charges have opposite signs, and, when 
mixed proper proportions the presence oxygen, precipitate one 
another, probably because the electric charges balance and neutralize. 
Whatever may the explanation, well known that either the 
coloring matter the colloidal ferric hydrate will stay suspension 
pure water indefinitely when kept separate, but that when mixed 
certain proportions, they will mutually precipitate each other. 
From practical standpoint, the proportions the mixture may vary 
considerably without affecting the general result; that is, the line 
separating mixtures which will precipitate from those which within 
reasonable time will not, broad one, more zone than line, 
the experiments, shown Table 11, Wernike and Weldert with 
Posen water will illustrate. 

The coloring matter Posen derived from brown coal deposits 
which underlie the city and its vicinity. Weldert prepared colloidal 
suspensions brown coal and ferric hydrate, respectively, and found 
that they mutually precipitated one another, did the natural waters 
containing them. 

Professor Fischer, Kiel, could not cause the precipitation 
colloidal ferric hydrate solutions peat. Apparently did not 
distinguish the younger and fresher coloring matter peat from that 
brown coal. The former probably colloidal solution, and, 
therefore, hinders the precipitation the colloidal suspensions 
either ferric hydrate color, which may present. 

The reverse the above, namely, the use colloidal ferric 
aluminum hydrate for the removal coloring matter from water and 
other liquids, has been practiced for centuries. Alum, which forms 
aluminum hydrate when added colored alkaline water, one ex- 
ample, and Proskauer’s proposal treat the dark brown deep-well 
waters Germany with colloidal ferric hydrate, prepared passing 
electric current through iron plates immersed the water, 
another. 

During the writer’s exnerience Reading, Mass., colloidal 
was added the water with the hope that would cause the 
tion the organic matter, and thus permit the precipitation the 
iron contained therein. The colloidal iron hydrate thus prepared did 
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combine with the organic matter, but advantage was gained; indeed 
was necessary add enough iron hydrate remove the organic 
matter the absorbent action large bulk precipitated hydrate. 
When this was done, the iron present the ground-water could 
precipitated, but under these conditions the filter clogged too rapidly 
for economical operation. The added colloid had the wrong sign for 
the removal the iron and had little effect upon the organic matter, 
most the latter was not colloidal suspension. Since the 
preparation this paper was begun there has appeared serial article 
Henri Schwers, the University Liége, which stated 
that this compound iron and organic matter also colloidal 
suspension, interesting fact, true.* 


Use Ozone Aid Deferrization. 


Ozone active oxidizer and also causes the precipitation 
iron from ground-water marvelous manner, first, rapid oxida- 
tion the iron; and, second, the destruction the organic matter 
colloidal solution which interferes with 

Hitherto its cost has been prohibitive, but recent developments 
France are promising that probable that the cost will 
reduced within practicable limits the near future. Ozonized water, 
like aerated water, must filtered before distribution. 


Deferrization Organisms. 


Organisms grow ferruginous ground-water the same surface 
water, but the usual absence light favors the growth special 
group fungi, the so-called iron bacteria. Among these are Lepto- 
ochracea, polyspora, Gallionella ferruginea, Clono- 
fusca, Anthophysa vegetans (Miiller), and Actineomycetes. 
these the more important are and Gallionella. 
These latter consist single row cells surrounded gelatinous 
sheath. The iron deposits the sheath, and, the presence 
oxygen, the organisms appear like irregular threads ferric hydrate, 
the ends which are the colorless young cells partly surrounded 
with their nearly colorless sheath. Unlike alge diatoms they con- 
tain chlorophyl. They grow the absence light; and apparently 


@Hygiéne, 30, 108. 
Soper, Am. Soc. E., Engineering News, 42, 250. 
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they grow best the presence iron and small amounts organic 
matter and oxygen. are very hardy and can survive the 
depths the earth, from which they can get into good well-water. 

This class organisms undoubtedly does cause the precipitation 
iron from ground-water, but natural ask whether the iron 
food for the growth the fungus and subsequently excreted 
it, whether acts like finely divided, gelatinous, suspended 
matter and causes the precipitation the iron contact and 
absorption. 

Schwers has studied the formation natural ochres Belgium, 
and his results are most interesting and examined 
208 deposits different colors and structures, all mixed with more 
less organic débris, bacteria, diatoms, filamentous bacteria, 
found ferruginous bacteria 160 the 208 deposits studied. 
these, contained pure cultures and 18, pure cultures 
Gallionella. Crenothrix was not found. the ferruginous 
bacteria, green alge were found and diatoms deposits; 
while deposits contained only green alge and only diatoms. 
quite evident from these observations that organisms other than 
filamentous bacteria and organisms whose growth surely inde- 
pendent the presence iron, play parts the deposition iron 
from water containing it. Schwers believes, the result his 
observations, that the deposits iron the sheaths these organisms 
purely mechanical, the result absorption and surface contact. 

May, 1904, the writer made observations Reading, Mass., 
where the gallery water was treated passing through box con- 
taining iron nails and thence directly sand filter with wooden 
sides. The filter had area sq. ft., and the rate filtration 
was 6000000 gal. per acre per diem. The period contact between 
the water and the metallic iron was least min. The water was not 
aerated, although contained about part oxygen per million. The 
filter removed the iron almost completely. Examination showed that 
the sides the box containing the iron, the wooden walls the filter, 
and the surface the sand were covered with growth 
ochracea, some places in. thick. aerator was interposed be- 
tween the box containing the iron and the May 6th, with 
the aerator water the filter contained 5.27 and the 


*Révue loc. cit. 
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filtered water 1.18 parts dissolved oxygen per million; soon, however, 
the growth disappeared, probably because the excess 
oxygen present, and the efficiency the filter declined rapidly. 
May 28th, the well-water contained 1.5 parts and the filtered water 1.6 
parts iron per million. The amount carbon dioxide during these 
experiments was about parts per million, the average. Microscopi- 
cal examination the and inspection the surface the 
sand showed that most the iron had adhered the 

Without going too deeply into the details, may stated that 
one has yet succeeded growing any these organisms the 
total absence iron, and there are analogous organisms (Beggiatoa) 
which precipitate sulphur from ground-water containing it. the 
other hand, there apparent precipitating effect independent the 
biology the organism and due the physical action the gela- 
tinous sheaths the organisms. 

also possible that the same organic matter which holds the 
iron suspension food for these bacteria, and that the removal 
the food permits the precipitation the iron. this true, 
precipitation would take place, very logically, near the organisms. 


The difficulties experienced with waters containing iron and man- 
ganese have been already outlined. The whole object the deferriza- 
tion processes cause the oxidation and precipitation these 
troublesome elements before the water enters the distribution system, 
and not afterward the service pipes and the laundered fabrics 
belonging the consumer. 

The processes which have been evolved are based upon very simple 
phenomena, and most failures have been due the neglect simple, 
elemental principles. The iron which appears the surface the 
ground soluble form must converted into the insoluble form 
and precipitated. The reagent used for this purpose the oxygen 
the air. The presence carbon dioxide and gelatinous organic 
matter interferes with the oxidation and precipitation the iron, 
while the presence suspended matter and certain salts furthers it. 
certain cases, simple aeration, subsidence, and filtration fail re- 
move the iron within reasonable period. such cases the water 
may treated with coagulant hasten the precipitation. 
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the writer’s knowledge, the history the development the 
deferrization processes has never been written English. Professor 
Dunbar, Hamburg,* Baurath Thiem, Leipsic, with Professor 
Fischer, Director Darapsky,t and Henri Schwers,§ 
have given descriptions many the devices which have been used 
Europe, and which; with many other published articles and the 
writer’s observations, form the basis for the following statements. 

Salbach, Dresden,|| must credited with the first successful 
process large scale, although was known for centuries that cer- 
tain ground-waters could freed from iron allowing them stand 
for time contact with the air. 

1868, Salbach built Halle aerator and filter which pro- 
duced “perfectly clear and brilliant” effluent. The aerator was filled 
with coarse gravel, the filter with sand. Salbach’s process, however, 
was not widely known and was never put into practice, although 
claimed some that advised the Charlottenburg Water Company, 
when the Teufelsee works were built 1873-74. 

1880, aerated the ground-water Tegel, and was able 
remove the iron therefrom subsequent filtration, while, without 
aeration, the iron ran through the filter. Anklam’s aerator consisted 
step-like cascade built wood, over which the water fell. Its 
total height was ft., and discharged directly upon the filter. 
1882, Wingen, without knowledge Anklam’s work, accomplished 
similar result Golgau; while Oesten and Proskauer,** from 1886 
1890, conducted successful experiments with the Berlin ground-water, 
spraying the water from height upon the water surface 
coarse gravel filter which removed the iron satisfactorily. 1891, 
published results experiments the Straulau works, 
Berlin, where used coke instead gravel aerator. (See Fig. 5.) 

Afterward, used brick filling for the aerators Char- 
lottenburg, and, more recently, and others have used super- 


*Zeitschrift fiir Architectur- und Ingenieurwesen, 1898. 

Vierteljahresschrift fiir Gesundheitspflege, 29, No. 
tGesundheits-Ingenieur, 1904. 


die Erfahrungen bei Wasserwerken und Grundwasserversor- 
Dresden, 1893. 

Journal fiir Gasbeleuchtung und Wasserversorgung, 35, 517. 

**Schillings Journal fiir Gasbeleuchtung und Wasserversorgung, 34, 35. 

Journal fiir Gasbeleuchtung und Wasserversorgung, 34, 56. 

ttGesundheits-Ingenieur, Vol. 17. 

Journal fiir Gasbeleuchtung und Wasserversorgung, 46, 681. 
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imposed bundles wooden slats with equally good results, notably 
Berlin. 

All these processes consist aeration followed filtration. Some- 
times short period sedimentation precedes the filtration. 

Meanwhile another class purification plant was being introduced, 
namely, the so-called “closed installation,” first introduced into Ger- 
many, 1897, von der Linde and Dr. Hess, Miinchen- 
Gladbach.* This system did not use aeration. consisted closed 
tanks pressure filters filled with red beechwood shavings, which 
latter were impregnated with tin oxide. was that the tin 
oxide furnished the oxygen necessary for the precipitation the iron. 
These plants were quite extensively introduced, notably Miinchen- 
Gladbach and Diisseldorf. 


SYSTEM. 


Coke Tower 


90, 


o 


1902, Dr. Helm, Danzig, replaced the tin-impregnated shav- 
ings the von der Linde and Hess filter with magnetic iron ore. 
obtained equally good results and without the danger any in- 
crease bacteria due fermenting shavings. 1903 Hertzberg, 
near Berlin, obtained corresponding results with similar filter con- 
taining ordinary sand, and the same year Director Bock, Hanover, 


*Deutsche Bauzeitung, 593. 


dissertation. (Leipsic, 1900, 24) proved that all closed 


filters fail remove iron when oxygen absent from the unfiltered 
ater, 
less the presence tin other oxides. 
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installed the new plant for that city which untreated shavings were 
used, which, however, were prevented from becoming contaminated with 
bacterial growths frequent sterilization with live steam. 

America, between 1890 and 1896, the Continental and other 
filter companies introduced several pressure filters, notably Asbury 
Park, These filters consisted pairs closed tanks, the first 
filled with sand, the second with bone charcoal. first the plants 
were installed without any provision for aeration other than that 
supplied leaky pistons and suction mains and the air which was 
used agitate the filter material during washing. Another example 
the plant Atlantic Highlands, Experiments with the Asbury 
Park plant May, 1895, Dr. Drown showed that without 
aeration iron was incompletely removed after the capacity the bone 
charcoal for absorbing iron had been exhausted, and aeration 
Pohle air-lift was accordingly introduced with good effect. 

1896 Mr. Clark, Chemist the Massachusetts State 
Board Health,* made experiments with the water Provincetown, 
Mass., water which contained great deal organic matter and 
with which sand filter operated fully efficiently without with 
thorough aeration. Mr. Clark found that, passing the water through 
filter filled with bits iron, “the ferrous hydrate formed the 
water and the iron filtering material would unite and effect removal 
the iron the water remarkable degree, when after such treat- 
ment the water was passed through the sand filter.” also succeeded 
effecting the same result passing the water through fine coke 
which contained considerable iron. Mr. Clark believed that the 
complete coagulation the iron during the latter experiment was due 
the chemical action caused the metallic iron contained the 
coke, well the mechanical action the rough particles the 
coke itself. 

Mr. Clark also experimented with the use potassium perman- 
ganate aid the deferrization the Provincetown water. The 
results were satisfactory; but the cost the chemical prevented its 
adoption and practice. addition the experiments Province- 
town, Mr. made other experiments with the ground-water sup- 
plying Watertown, Marblehead, and Reading. The iron from the 


*Journal, New England Water-Works Assoc., 11, 277. 
Mass. State Board Health, 1899, pp. 537 553. 
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Marblehead water, well the color, was almost completely removed 
simple aeration and filtration, even rates filtration high 
000 000 gal. per acre per diem, while the effluent from the experi- 
mental filters Watertown, even with long-continued aeration, always 
contained more than 0.2 part iron per million. Mr. Clark attributed 
the difference the presence organic matter the Watertown 
water, which held the iron solution. interesting fact that 
Mr. Clark notes that “better results were obtained subsequent 
filtration aerating the manner described (simple spraying*)— 
which required but few seconds—than drawing air through the 
water for much longer period.” Experiments Reading showed that 
lime would assist the removal iron. 

During 1905-1906, the writer made experiments with the Reading, 
Mass., water, treating with metallic iron, first revolving drum 
filled with iron (Anderson process), and afterward, the colloidal 
form (hydrate) iron-plate electrodes immersed the water and 
through which electric current was passed. Although this process 
removed the iron fairly satisfactory manner, was not recom- 
mended, both account its cost and because the treatment with 
clay and sulphate alumina was more practicable under local condi- 
tions. Later experience leads the writer believe that certain times 
would impracticable coagulate the iron such treatment. 

1898, Dunbar and suggested intermittent filtration 
through coarse sand, especially where the available head low, thereby 
avoiding double pumping, where (as small plants) the filter can 
filled only occasionally. They believed that this type filter could 
used much more frequently than had been the case hitherto. 
operation not filled above the surface the sand, and special 
provision for aeration unnecessary. especially adapted for 
use small estates, schoolhouses, 

addition the oxidation processes, there have been some plants 
built where chemicals are used precipitate the iron. 1891 Herr 
added lime sometimes lime and iron salt water 
and afterward removed the precipitated iron pressure filter. 

1895, The Cumberland Manufacturing Company, Boston, 
advised the Town Reading§ aerate the water from the filter gal- 


*Report, Mass. State Board Health, 1899, pp. 537 553. 

*Schillings Journal fiir Gasbeleuchtung und Wasserversorgung, 40, 548. 
tDunbar, Zeitschrift fiir Hygiene und Infektionskrankheiten, 22, 118. 
§Bancroft, Journal, New England Water-Works Assoc., 11, 294. 
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leries and, after the addition lime and sulphate alumina, filter 
the same. The advice was adopted, and, 1894, “Warren” filter 
plant was installed. This was operated designed until April 19th, 
1906, when clay suspension was substituted for lime. smaller plant 
using lime and sulphate alumina was built Keyport, J., 
about the same time. 

Recently, Gans* has suggested calcium aluminum silicate 
artificial zeolite precipitant for iron-containing water. This 
marketed under the trade name “Permutit.” The cost the chemi- 
cal, however, has been too high justify its use practice. 

The most interesting recent development has been the discovery 
Professor Wernike and Director Mertens, Posen (Prussian 
that mixture the iron-containing, shallow-well water 
(purified only with great difficulty aeration and filtration) with 
dark brown, deep-well water, could filtered rapidly through sand, 
and that the effluent would free from both iron and coloring matter 
which precipitated one another when the waters were mixed. This 
process has been adopted the City Posen, and the plant 
installed immediately, with Jewell mechanical filters remove the 

Since the preparation this paper was begun, Henri Schwerst 
has suggested the use ferric chloride coagulant. had 
previously used ferric chloride, but conjunction with lime. 

Table summarizes the history the varicus processes. 


PRACTICE. 


The writer has made frequent mention European practice, 
especially that which relates the arrangement and type works. 
now remains discuss some special features connected with their 
efficiency. 

North Germany and the Low Countries, generally speaking, 
the cities with ground-water supplies, built upon the alluviums 
the various rivers such the Oder, the Vistula, the Elbe, the Weser, 
and the Rhine, are provided with deferrization plants. Many 
these cities, especially those Germany, have been mentioned. The 


*Chemiker Zeitung, 1907, 355. 


Mitteilungen Kénigl. Material Priifungsanstalt, 1907, No. 
30, 1908. 
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ground-water supplies Berlin and suburbs are good examples 
German practice, illustrated Table 13. 


TABLE THE DEFERRIZATION PROCESSES. 


Process. Inventor and system. 
Wellman (Brick-filled 1894 
Beer and Thiem (Wooden-slat aerator)...... 1902 
American pressure filters (Sand and bone 
Filtration without aera- von der Linde and Hess (Tin oxide-impregnated 
Helm (Danzig) (Magnetic iron 1902 
Bock (Hanover) (Plain 1908 
with through fine coke iron 
iron and Town Reading 1904 
Intermittent 
through coarse Dunbar and Kryck.......... 1898 
(Lime without aeration)............... 1891 
Cumberland Mfg. Co. (Reading) (Lime and sul- 
Chemical treatment and| phate alumina with aeration).............. 1894 
rapid filtration......... Weston (Clay and sulphate alumina)........ 1906 
Gans (Filtration through aluminum 
Sehwers (Ferric chloride, slow 1907 
Precipitation 
ture 
water with colored deep| Wernike and Mertens (Posen)........... 1906 
well water, followed 
rapid 


TABLE PLANTS BERLIN AND 


Consumption, 
Municipality. gallons System. 
per diem. 

715 000 Brick-filled aerator and sand filter. 
Berlin (five over 300 000 Wooden-slat aerator and sand filter. 
875 000 Brick- aerator and sand filter. 
Charlottenburg (four works)..... 000 000 
192 000 von Linde 
658 000 Coke aerator and sand filter. 
020 000 Aerator and sand 


*Data furnished Prof. Thum. 
filters. 
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Most the other suburbs obtain water from one the Berlin 
Charlottenburg works. During 1905, the former city supplied 
735 000 gal. daily, average, these suburbs. 

Holland the water from the sand dunes often delivered 
fine sand filters gravity. This water apt contain iron, but 
many cases aerators are not necessary; the filtered water excellent. 
Humus matter the cause most the trouble with the Dutch 
dune-water supplies. 

The plant Hanover operates with water containing average 
only 0.5 part iron per million, also traces manganese. The 
maximum amount iron and about 0.7 part per million. 
Formerly, the works were operated without filters; but since 1904 
the present installation has been service. The filter plant, Plate 
CXLIi, consists cylindrical units each (6.6 ft.) deep, with 
diameters 1.5 (5.0 ft.) the top, and 1.35 (4.5 ft.) the 
bottom. They are filled with red-beechwood shavings. These shavings 
are about 0.04 in. thick, 0.2 in. wide, and average about ft. length. 
The rate filtration 4.8 vertical in. per minute, about the same 
that used with American rapid filters. aeration provided 
except that which unavoidably takes place joints the 
suction pipe, the collecting well, and through the piston rod glands. 
The filters were provided with apparatus for washing under pressure; 
this was found too expensive, however, and, present, the 
shavings are removed from the filters, washed masonry tanks, and 
then replaced the filters. Three the thirty tanks are cleaned 
daily; that is, each unit operates for ten days between cleanings. 
The writer saw one tank opened, and observed that the iron hydrate 
was quite well distributed through the mass shavings, although 
had collected most abundantly the top. The freshly opened filter 
emitted odor characteristic decaying wood. This odor must 
more marked summer. After cleaning, the shavings are sterilized 
steam; otherwise, the disagreeable odor would develop much sooner 
and would make necessary clean the shavings more frequently. 
The filters not remove all the iron, and the deposit the water- 
tower contains manganese.* writer’s observation leads him 
believe that the light task rather than the suitability the 
design, which makes possible furnish reasonably satisfactory 


*See 1385. 
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water the city. The aeration accidental only, although oxygen 
absorbed the shavings during washing, and perhaps other 
times. 

The pressure-filter plant Miinchen-Gladbach similar that 
Hanover. Fig. may help explain this type filter more clearly. 


VON DER LINDE AND HESS SYSTEM 
MUNCHEN-GLADBACH 
CROSS-SECTION THROUGH FILTER HOUSE 


13 


| 


CAS 


This plant has nominal capacity 76500 gal. per hour. 
consists filter tanks arranged circle; each tank 4.8 ft. 
diameter and 8.3 ft. high. The ground-water contains 2.3 parts 
iron per million, and necessary to. wash each filter thrice daily. 
Every two months the filter material removed and cleaned 


washing-machine. Each filter holds Ib. shavings impregnated 
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with tin oxide, and 550 must added after two months’ use 
make for the shrinkage. The amount wash-water about 15% 
that filtered, and the loss head about lb. 

The experience Fiirstenwalde-a-Spree interesting. This plant 
also consists pressure filters, after the von der Linde and Hess 
system, taking water directly from wells. The four filter tanks are 
filled with noodle-like shavings, and aeration effected admitting 
air into the suction pipe. After aeration, the water goes directly 
the filters, and consequently the period coagulation very short. 
The works were put service 1905. the beginning, the ground- 
water contained 2.0 parts iron, but, 1908, contains only 1.4 
parts iron per million. Manganese not present. 1905 the 
amount iron the filtered water was 0.2 part per million; since 
then, the consumption has doubled and has reached about 317 000 gai. 
per diem. The iron the effluent, however, has arisen 0.3 part 
per million, and some precipitates the water-tower and also 
the distribution system. The rate filtration twice high 
that used for rapid filters America, and when more than 265 000 
gal. per diem are filtered, necessary wash the filters twice 
day. Improvements are suggested; one proposition bore the wells 
deeper; another install preliminary aerators filters. 

The experience this plant illustrates very clearly the importance 
the time element the process. When more time elapsed between 
the wells and the filters, the iron was removed satisfactory manner. 
Recently, however, there has been reduced efficiency. 

The deferrization plant Kiel* consists aerator and filter, 
which the aerator alone will described. The water, gal. 
per diem, distributed uniformly over the surface coke aerators 
which are 4.6 ft. square the surface and ft. thick. aerator 
units are placed building immediately over the sedimentation 
basin. The coke rests upon iron grating which admits air beneath 
the coke; numerous openings the wall the aerator also admit air. 
channel, ft. wide, delivers the water into octagonal, cast-iron 
distributor from which flows over eight weirs into the several com- 
partments the aerator. Each compartment has main distribution 
channel from which leads gutter, and from this the water 
falls upon sheet corrugated metal, the corrugations which are 


*Schillings Journal fiir Gasbeleuchtung und Wasserversorgung, 
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right angles the transverse gutter. Both the gutters and the 
furrows the corrugated metal are pierced with holes. This arrange- 
ment effects very uniform distribution the water over the surface 
the coke. similar arrangement used with most 
the aerators the tower type Germany. 

The sedimentation basin beneath the aerator provided with 
baffles, and the water delivered the filters contains only from 
25% the initial amounts iron. When the well-water contains 
parts iron per million, necessary clean the aerator after 


500 000 gal. have been passed through it. This plant works 
satisfactory manner. 


CHARLOTTENBURG 


The Charlottenburg aerators are filled with brick instead coke. 
Fig. shows the general arrangement this plant. 

Germany the usual rate application the aerator 16.6 
cu. ft. per square foot per hour, although Stargard, where the 
final filtration quite rapid, this rate was found about 20% 
too high, and Worms much higher rates are used. 

The rate filtration through final filters varies from 3000000 
000 gal. per acre per diem. Stargard gal. 
per acre per diem, while, Berlin, rates from 
gal. per acre per diem are used. Miiggelsee filter operated 417 
days between scrapings, about twice the maximum period ever obtained 
when filtering surface water half the rate. 
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The new filters Hamburg, Fig. are interesting that they 
are exposed the air much possible, especially during the idle 
period.* The water distributed upon the surface coke aerator 
about ft. thick, whence passes through the coke into small 
basin and thence through spray nozzles the filters. The sand 
layer only about in. thick, and composed sand with grains 
mm. diameter, much finer material than generally used Ger- 
many. surface the sand with water, and 
during the idle periods the filters are drained. Ample aeration 
provided, and the results have been excellent. The loss head the 
whole plant about ft. 


DEFERRIZATION PLANT HAMBURG 


———— 
910 


has been customary use quite coarse material for final filters. 
This has the advantage causing the precipitation the iron through- 
out the whole mass filter material and allows far more economical 
operation the plant. the other hand, these filters “break” quite 
frequently, and, where the filtered-water basin small, may cause 
turbid water distributed; this especially noticeable just before 
cleaning. This difficulty does not occur where finer sand used, 
Berlin. 


*Schillings Journal fiir Gasbeleuchtung und Wasserversorgung. 
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New filters are being built Harburg Dr. Thiem, which are 
quite different design from those Hamburg. January, 1908, 
these filters were not yet filled, and could visited great advantage. 
This plant has capacity gal. daily, and occupies area 
about 432 100 ft., exclusive the sludge basin, which about 
ft. long ft. wide. The plant consists wooden-slat aerator, 
graded gravel filter, and filtered-water basin. The main distribution 
channel the aerator iron, but all other parts are wood. The 
distributing channel discharges into simple wooden gutters with per- 
forated bottoms and notched sides, placed right angles the main 
channel. Beneath the gutters are four superimposed groups wooden 
Each slat 3.2 in. wide and 0.32 in. thick, and made fir- 
wood. The slats, set edge, are fastened together grate-like 
bundles with distance pieces between. bundle 3.2 in. thick, 
and the spaces between the slats are about 0.32 in. wide. The bundles 
are four groups four bundles each, and there in. between 
each group bundles. The slats any bundle are right angles 
those the bundles immediately above and below. The aerator 
four units, and the rate application about 16.7 cu. ft. per square 
foot per hour, 325 000 000 per acre per diem. Each aerator sur- 
rounded with louvers inclining inward, which admit air the aerator 
and prevent the water from splashing outside. The aerators are covered 
with brick building, the common practice Germany, con- 
tamination the water dust being thus avoided. (Plate 

The water drops from one bundle slats another and finally 
into small basin from which flows the filter. There 
maximum ft. water above the gravel the filter. The 
two rectangular filters are built concrete. one long side each 
filter runs main collecting drain, which has semicircular invert 
about in. radius, vertical sides, and nearly ft. deep. The whole 
bottom the filter covered with special hollow tiles cemented 
place, giving corrugated appearance. Along each side the main 
drain runs wooden strip, about in. wide and 0.5 in. thick, which 
rests the oak blocks which form the cover the drain. These blocks 
are in. square end and 4.3 ft. long. the bottom 
graded layer coarse gravel, in. thick including the tile, and 


above this layer fine gravel in. thick. The gravel six 
sizes given Table 14. 
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TABLE 14. 


Diameter Particles, Thickness, inches. 


Layer. Millimeters. 


12-14 


8-14 


| 

_ 


The difference level between the water the distributing chan- 
nel and that the filtered-water basin about ft. When the filter 
cleaned, the water above the gravel made rise about ft. 
higher than when filtering; large flap-gate connected with the under- 
drains opened suddenly, and the rush water through the filter 
flushes the iron hydrate into the sludge basin. The sludge soon settles 
and shoveled out. 

Director von Feilitzsch, Brunswick, has used this sludge purify 
illuminating gas place the ferric oxide produced rusting metal- 
lic iron.* The results have been satisfactory, and, furthermore, waste 
product has been utilized. 

The filter Leipsic was built graded gravel the 
thicknesses and sizes given Table 15: 


TABLE 
THICKNESS. 
Diameter Particles, 
Millimeters. 
Millimeters. Inches. 

825 
825 
2.4 
2.4 
2.4 
2.4 


consists three aerators, two filled with coke and one filled with stone, 
three filters, and clear-water basin. There are also small subsiding 


*Schillings Journal fiir Gasbeleuchtung und Wasserversorgung, 49, 714 
31, 364 (1906). 
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basins beneath the aerators. The aerators have total surface area 
591 sq. ft. has been proved experiment that sq. ft. aerator 
surface can treat 4.56 gal. water per minute satisfactory manner. 
This means that 348 sq. ft. aerator surface would treat the 1628 
gal. water per minute (2342000 gal. per diem) supplied the 
aerator. Two aerator compartments are sufficient for this quantity 
water, one being held reserve. This rate equivalent 37.4 cu. ft. 
per square foot per hour, more than twice great the customary 
rate Germany. The three filters have total area 0.118 acre. 
rate filtration nearly 000 000 gal. per acre per diem can used. 
One the three filters held reserve. 

The interesting plant which built Posen has already 
been mentioned, and believed that what has been written describes 
the main types European deferrization plants. 

is, course, difficult compare the efficiency these types 
account the varying conditions under which they operate. For ex- 
ample, almost any filter would operate successfully with water like 
that Hanover, while there are waters which existing German plant 
would adequately purify. system Oesten usually fails when 
the amount iron large. generally admitted that oxygen 
necessity for the treatment water, whether present acci- 
dent design. Other things being equal, the devices which afford the 
longest period contact the water with the filtering material are 
the most successful. 

Quite recently, Schlegel and Merkel have experimented with the 
various processes and their feasibility for use with the ground-water 
the vicinity Niiremburg, and have published the following results.* 

“1. The process Bock (Hanover), which patterned after 
the von der Linde and Hess system, maintained its efficiency without 
change, but removed only from per cent. the iron; the 
amounts iron the filtrate range from 0.16 0.62 part iron 
per million, and are not parallel with the amounts present the 


unfiltered water. The bacteria are markedly increased and the filter 
material has sterilized frequently. 

The filter (artificial sand-stone filter) removed 
the iron satisfactory manner and without any marked increase 
the number bacteria, but its capacity was diminished half the 
initial after three days use, that had cleaned 
frequently, thereby making the cost operation prohibitive. 
*Chemiker-Zeitung, 31, 396. 
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The deferrization plant the Truant School Brunnesburg 
where the water falls upon cascade-like aerator from which flows 
upon simple sand filter with 1-mm. grains, effects most satisfactory 
removal the iron without any bacteriological complications.” 

Schlegel and Merkel also showed that aeration was not necessary, 
because the water contained 0.39 part oxygen per million, and the 
iron could removed simple filtration through sand. some 
localities they found that the iron was dissolved the water the 
colloidal form, being kept solution organic matter. 

“In this vase the ferrous hydrate retained the sand filter 
adhesion absorption, and afterwards becomes oxidized the oxygen 
dissolved the water. The precipitated ferric hydrate helps the pre- 
cipitation the colloidal iron its coagulating action the one 
hand, and, the other hand, diminishing the sizes the pores 
the filter, thereby preventing the passage the fine precipitate.” 

Henri Schwers has made extensive experiments with the water 
Turnhout, Belgium.* This water contains organic matter com- 
bination with iron, well iron the form hydrate. The iron 
cannot completely removed aeration and filtration. used 
many different coagulants assist the precipitation the iron. 
Among these were chlorinated lime, sulphate alumina, ferric chlo- 
ride, and mixture chlorinated lime and ferric chloride known 
(Duyk). used these chemicals singly and 
combination, adding them the aerated water all cases, and came 
the following conclusions: 

1.—Chlorinated lime alone especial value coagulant 
practice. 


2.—Sulphate alumina alone only small value coagulant 
this case. 


chloride veiy efficient coagulant. 

use chlorinated lime with sulphate alumina does not 
the efficiency the latter. The mixture known “ferro- 
chlor,” has shown superiority over sulphate alumina the ferric 
chloride used during the experiments. 

5.—None these agents capable producing immediate precip- 
itation. Even the ferric chloride with chlorinated lime does not 
produce precipitation until after twenty-four hours, and this only when 
conditions are most favorable. 


*Révue 30, 297 (1908). 
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most effective agent for the removal iron from this 
kind water the deposit ferric hydrate which accumulates 
the The function organisms the removal iron only 
secondary one. 

plan follow Turnhout depend upon the coating 
ferric hydrate the filter aided coagulants, especially ferric 
chloride. 

this connection interesting note that about one-tenth 
much coagulant was required with well aged filters with those 
freshly filled with clean sand. 

The pressure filters Germany are not recommended, either 
for efficiency design; these respects they are far inferior the 
rapid filters American design; but the coarse filter used 
many works most valuable device. the iron retained 
throughout the whole depth the bed until flushed out. This flushing 
accomplished small expense whenever necessary, and, although the 
construction cost these filters rather high, the cost filtering the 
water very low. 

The writer cannot see the necessity for the great losses head— 
more than ft. many cases—which occur most German works. 
would seem possible get the same amount aeration and sur- 


contact without necessitating much extra pumping. 


Generally the European filters operate very efficient manner; 
when they fail, usually because lack oxygen, time for 
coagulation, the presence humus matter. German engineers 
have attacked the problems presented thorough manner, and have 
worked out practical solutions for all ferruginous waters with the 


exception those containing interfering amounts humus matter. 


EXPERIENCE READING, MASSACHUSETTS, AND OTHER AMERICAN 


Experience Reading, quality the Reading water, 
the nature its source, and the different methods treatment which 
have been proposed for it, have already been mentioned. has been 
stated, the chief obstacle was the presence organic matter. Evi- 
dently interfering amounts organic matter were not present 1893, 
when Mr. Desmond FitzGerald studied the problem behalf the 
town, although remarks that “the Reading water ordinary 
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fluid.” this report Mr. FitzGerald makes mention organic 
matter, and recommends aeration and subsidence reservoir holding 
two three days’ supply followed filtration method treat- 
ment which will make the water perfectly satisfactory. Two years 
later, however, the Massachusetts State Board Health published 
results experiments and also its advice the Town Reading.* 
stated that: 

one case least, when the iron was only 0.14 parts per 100 000, 
aeration this way (that recommended Mr. FitzGerald) had but 
little effect the iron. The failure remove the iron this case 
seemed connected with considerable amount organic matter 
the water, which prevented the precipitation the iron after 
oxidation.” 

this time the State Board Health was not position 
recommend any method deferrization; advised rapid filtration 
temporary measure, and connection with the Metropolitan Water 
Supply the future. 

should noted this connection that Mr. FitzGerald’s belief 
the feasibility purifying the water was established while the 
meadows were artificially flooded dam. Subsequently the dam 
was removed, and may true that the alternate draining and 
flooding the river-bottom soil promoted the solution organic 
matter and iron from it. certainly true that the worst water 
the memory Mr. Strout, who has had charge the pumping- 
station since the works were put operation, occurred during the 
winter 1907-08. This water contained large amount iron. 

The Massachusetts State Board made extensive experi- 
ments Reading, and advised the addition metallic iron contact 
with the water, followed filtration through sand rate 000 000 
gal. per acre per diem. This method was carefully tested the 
Reading Water Commission, but conditions were found when even 
this method proved inadequate. Iron was then added electrolytically, 
and while this process greatly increased the mass precipitate and 
helped coagulation this way, there were short periods when failed, 

has been already mentioned. 

was observed sometimes that long periods subsidence effected 
little change the character the water, and, times, the 


*Report, Mass. State Board Health, 1895, pp. 43. 
Mass. State Board Health, 1899. 
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iron could not retained even fine sand filters operating rates 
less than 6000000 gal. per acre per diem, especially the water 
was aerated. 

would seem all the different investigations the problem 
had been carried logical conclusions, but that changes the 
character the water had revealed the growing importance the 
organic matter each case. Therefore, methods which proved ade- 
quate during one period investigation were found impracticable 
subsequent trial. Lime precipitates the objectionable organic 
compound* and helps precipitate the iron. was used for ten 
years treat the water, sulphate alumina being used with it. 
However, lime increased the hardness, and was desirable devise 
method purification which would obviate its use. occurred 
the writer that colloidal suspended clay having negative electric 
charge could precipitated colloidal hydrate alumina having 
positive charge, the case all water-purification plants for 
the removal suspended matter from muddy river waters, then 
colloidal ferric hydrate, which has the same charge the alumina, 
would precipitated clay. also seemed reasonable ask that 
the water muddy rivers which often suffer large additions 
highly colored swamp water almost invariably low dissolved 
color, why would not suspended clay absorb the color, that is, the 
organic matter the Reading water interfering with the removal 
iron? The writer remembered this connection that the Mississippi 
River water below its junction with the highly colored Yazoo River 
was practically free from color when its suspended matter was removed 
passage through Pasteur filter, that is, contained little 
dissolved color. Mr. Clark notes that the Hanley, England, 
sewage-disposal plant, the mine wastes containing iron and the pottery 
wastes containing clay, mutual coagulation, assisted materially 
the precipitation the Accordingly, April 19th, 1906, 
clay was substituted for lime Reading, and ever since (with the ex- 
ception short period during 1908) the plant has operated without 
lime. 

Lime increased the hardness the water about 200%, that is, from 
about about parts per million, while increase was noticed 


*Report, Mass. State Board Health, 1899. 
Assoc. Eng. Soc., 1908. 


2 
d 
4 
4 
BS 
2S 
: 
7 
7 
a 
q 
q 
id 7 
1¢ 
in 7 
7 
he 
| 
. 
act 
the 
d 
| 
4 
led, 
the 


1382 THE PURIFICATION GROUND-WATERS [Papers. 


the case the water treated with clay and sulphate alumina. 
required about 150 lb. lime daily treat about 200000 gal. 
water. the present writing, less than lb. clay are being used 
for the same amount water; furthermore, the amount sulphate 
alumina has been reduced from more than gr. about gr. per 
gallon. The filters use with the lime and sulphate alumina 
were “Warren” filters filled with sand having effective size 
0.90 mm. The floc formed with the clay finer-grained than that 
formed with the lime, and not easily retained this sand. 
The speed coagulation slower. However, the treated water passing 
through fine sand filter was always satisfactory every respect. 
Money has been appropriated for the remodeling the plant, and 
modern mechanical filters with finer sand, preceded either rough- 
ing filter subsiding basin increased size, will probably 
built shortly. 

Roughing Filters vs. Subsiding were con- 
Reading during 1908 determine the relative efficiencies 
subsiding basins and roughing filters the same construction cost. 
After being treated with clay and sulphate alumina the water was 
passed through subsiding basin having capacity equivalent 
about hour’s flow, and then into barrel filled with No. broken 
stone. Experiment No. extended from March 16th April 22d. 
The rate filtration was 50000000 gal. per acre per day, and daily 
analyses showed the amounts iron the raw water, the effluent 
the coagulating basin, and the roughing filter, respectively, given 


Table 16. 


Sample. Experiment No. Experiment No. 
Coagulating basin 5.00 
1.70 2.08 


Roughing filter 


The filter was then shut down until May 25th, account lack 
time supervise it; after which date was operated until June 8th, 
when was washed. The results are given the final column 
Table 16. 

During the last three days this experiment the amount iron 
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the effluent the roughing filter was greater than the influent, 
showing that the suspended matter was being dislodged from the stones 
and carried away with the After washing, the efficiency 
the device was restored. The results are little misleading because 
the engineer the pumping-station, Mr. Strout, who made the 
determinations, could make but one two determinations samples 
from each source daily, and apparently samples the coagulating- 
basin effluent were taken time when they contained abnormal 
amount suspended iron. apparent from observations made 
the plant, the writer, that little sedimentation iron takes place 
the coagulating basin, although probably not true, notwith- 
standing the results, that there increase the amount iron 
after the passage the water through the basin. The experiments are 
still going on, but the results cannot stated definitely this time. 
far they show that more than 29% the iron present the raw 
water and more than 47% that present the coagulating-basin 
removed the roughing filter, while its removal the 
coagulating basin negligible quantity. What fully important 
the actual amount iron removed, the condition that remain- 
ing suspension after passes through the roughing filter. This 
well coagulated that passage through ordinary filter paper reduces 
the amount iron less than 0.1 part per million. The period 
contact between the water and the filtered material the roughing 
filter about min. coagulating basin the same construction 
cost would provide about hour’s storage, which the evidence hand 
indicates would prove less efficient than the 15-min. storage 
roughing filter the same construction cost contact with its filter- 
ing material. 

should noted that this roughing filter was filled with uni- 
form broken stone and would not efficient one graded gravel, 
like those described another part this paper. 

One advantage roughing filter Reading would the reduc- 
tion the amount chemical treatment necessary, with clay and 
sulphate alumina. believed that for greater part the year 
roughing filters followed rapid filters would remove the iron 
satisfactory manner without chemical treatment. 

Deferrization Plants America.—Few deferrization plants have 


been built this continent. containing iron are too often 
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avoided. The plant Asbury Park was the first one importance; 
this was use 1894. Since then plants have been built Far 
Rockaway, Y., Red Bank, J., West Superior, Wis., Richmond, 
Mo., Reading, Mass., Keyport, J., Garrettsville, Ohio, and few 
other places. These plants are three general types, namely: 


1.—Aerators and pressure filters. 
2.—Aerators and gravity filters. 
3.—Gravity mechanical filters using coagulants. 


The plants Far Rockaway and West Superior, designed Mr. 
Allen Hazen, resemble the Oesten system more than any other.* The 
water aerated spraying and then filtered through rather fine sand. 
The filters designed Oesten contained coarser filtering material. 
The plant Richmond, Mo., designed Wynkoop Kiersted, Am. 
E., resembles the West Superior plant principle.t 

William Johnson, Am. Soc. E., has recently designed 
temporary arrangement for Dover, Ferruginous spring 
water aerated and purified spraying intermittently upon the 
sandy soil the vicinity wells, from which latter the supply for 
the city pumped. While portion the water lost, 95% the 
iron removed, and without great construction cost. This temporary 
plant will replaced shortly permanent filter. 

Recently the writer designed small deferrization plant for 
estate Shrewsbury, Mass. The water from artesian well 
shale. very soft, quite free from organic matter, and contains 
parts carbon dioxide, 3.2 parts iron, and 0.1 part manganese 
per million, besides trace hydrogen sulphide. Plate CXLIV shows 
the arrangements parts, namely, wooden-slat aerator, roughing filter, 
final filter, and filtered-water reservoir. The capacity 50000 gal. per 
diem. 

the water soft and contains manganese, treated best 
thorough aeration and contact with gravel, followed filtration through 
sand. Organic matter does not interfere, but the small amount 
residue evaporation (78 parts per million) and the presence 
manganese are indicative water which precipitates its troublesome 
elements quite slowly. The filters are arranged drained daily 


Public Water Supplies,” 186. 
Conservator, Nov. 24th, 1904. 
Journal and Engineer, 24, 520 (1908). 
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that oxygen may condensed the surfaces the filtered material 


while out service. The gravel filter cleaned flushing, the sand 
filter scraping. The results have been satisfactory. 


DEMANGANIZATION. 


Demanganization water follows the same general laws defer- 
rization, but the speed reaction slower, one reason for which 
that the mass manganese usually present ground-water less than 
that iron.* 

the Miiggelsee works Berlin, Director Anklam showed the 
writer how the red iron hydrate had been retained the sand the 
filter, while the precipitation the manganese was delayed until the 
water had passed into the gravel the under-drain, which gravel was 
coated with dark brown manganese hydrate. Stargard (Pomerania), 
the water after passage through brick aerators was filtered upward 
through filters composed in. coarse gravel, in. fine gravel, 
and again in. coarse gravel, arranged superimposed layers. 
The water contains parts iron per million and small amounts 
manganese. The iron precipitated the lower part the filter, 
but Director Ehlert demonstrated that none the dark brown manga- 
nese hydrate could seen until the upper half the fine gravel was 
reached. The cross-section the filter showed: first, red zone 
iron hydrate; then one clean gravel; then brown, almost black, 
4-in. zone manganese hydrate; then another one clean gravel. 
Brunswick, Director von Feilitzsch showed the writer samples 
sediment from different parts the aerator and filter, which proved 
that this case also the iron was precipitated earliest. Hanover 
the writer was presented with three samples precipitate follows: 


No. 298, from the distribution system before filters were introduced; 


No. 299, from the filter material; 
No. 300, from the water-tower. 


These samples were analyzed, the results being shown Table 18. 


TABLE 


hydrates precipitate from concentrated solutions faster than from 
ute. 


Numbe 298 290 
~ : — ~ 
Gtr 3 
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Sample No. 298 was taken from the pipes point where nearly 
pure iron oxide precipitated. The Hanover filters effect only partial 
deferrization the water, that there after-precipitation 
the water-tower. This after-precipitation more indicative the 
presence manganese. Sample No. 298 brownish red, No. 299, 
reddish brown, and No. 300, very dark brown, almost black, color. 
The raw water contains 0.5 part iron (Fe) per million and traces 
manganese. 

Arad, Hungary,* Mr. Rudolph Hajek observed that water from 
the deep wells before and after deferrization was perfectly 
that there was deposit the pure-water reservoir the deferriza- 
tion plant after year’s use, but the force main, from the pumping 
station the distribution system, where the velocity the water was 
only 0.85 ft. per sec., there were numerous brown flocs manganese 
hydrate the upper surface the pipe and also deposit upon the 
bottom. There was little deposit the service pipes, but the gal- 
vanized-iron strainers the water meters were found have their 
holes almost completely choked with yellowish-brown mass, although 
the strainers made copper brass were clogged but little. 
pressure filter placed the force main near the pumping station 
remedied the difficulty. The water contains only parts iron per 
million and traces manganese. has hardness 140 parts per 
million. Another interesting fact was noticed, namely, that the trouble 
manganese greatest after periods heavy rain. 

Manganese has rarely given serious trouble America. The 
first case known the writer was, 1898, when well-water supply 
for New England mill contained much manganese that the well 
had abandoned. This case was mentioned Mr. Hazen 
private communication, and the earliest record troublesome 
amounts manganese water supply with which the writer 
acquainted. this case, the well was beneath peaty layer overlying 
the water-bearing sand. 

Manganese occurs the waters Reading, Mass., some the 
waters Long Island, and many other American water supplies, 
but usually small amounts. 

The Breslau former years Breslau was supplied with 
filtered Oder River water. The Oder River becomes quite turbid 


*Schillings Journal fiir Gasbeleuchtung und Wasserversorgung, Aug. 17th, 1907; 
The Engineering Record, 56, 517. 
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times, and the slow sand filters use frequently passed turbid 
questionable quality. The rapid increase population 
the industrial villages above the city caused movement for the 
improvement this supply. This movement was headed the 
distinguished Professor Fluegge, the Department Hygiene 
the University Breslau, who, well known, partial ground- 
water supplies. This agitation led preliminary study, begun 
Baurat Thiem 1892, which resulted, before the close 1904, 
ground-water supply from the Oder Valley above the city. This 
supply had 16000000 gal. daily. was collected 
means three hundred and thirteen 6-in. wells driven depths 
varying from ft. and placed ft. apart. The wells are 
arranged three lines and are overflowed extreme high water. 

The soil the Oder Valley made layer humus matter, 
silt, and clay, under which stratum alluvial sand various- 
sized grains. Beneath the sand the diluvial clay 100 235 ft. 
thick, the top which from ft. below the surface. The 
layer loam, peat, and clay, from ft. thick. The ground- 
water level before beginning the daily pumping from in. 
below the surface the ground. Beginning with January, 1905, 
ground-water exclusively was supplied Breslau. March 27th, 
1906, the ground-water level had sunk ft. below the surface 
during pumping; previous this date there had been little rain. 

The deferrization plant consisted coke aerator and gravel 
filter, the plant resembling the Piefke system design. The aerator 
m., the gravel filter deep, and there small basin between 
aerator and filter. 

March 28th, 1906, the river rose and overflowed the third line 
wells, and later, part the second line. Soon the soil air caught 
beneath the flood water appeared the wells, much fact 
that the air-pump could hardly keep the main free. the same 
time the amount iron increased 440 and the manganese 220 
parts per million. For time the deferrization plant removed the 
iron but the manganese passed the city and made 
the water useless for domestic purposes. result the ground- 
water supply was abandoned; filtered Oder River water was again 


supplied the city, and three open filters were built tide over the 
emergency. 
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Many explanations were once offered, but even to-day one 
explanation universally accepted. One said that the manganese 
came from below the water-bearing strata, being forced upward the 
pressure the artesian water through from 100 235 ft. clay and 
schist. Others, and among them, the geologists, engineers, and 
majority the chemists, believe that Luedecke has proved that the 
manganese was leached out the humus-clay stratum the over- 
flowing river water. This position hotly contested the hygienists 
the Breslau school, who affirm that the passage flood water into 
the wells through the overlying clay stratum practical impossibility. 
Director Debussmann the Water-Works made thorough experi- 
mental study this question and states that the river water can reach 


the wells short time twelve hours when the valley over- 
flowed. 


American engineers who have used clay dams and embankments 
will not place much faith the impenetrability from ft. 
river-bottom soil; and, although may true that some the 
dissolved manganese diffuses from the upper stratum, seems 
proved that river water did pass through directly. Reading 


the soil not unlike that the Oder River Valley, and the writer 
has repeatedly seen pools rain water disappear into the ground 
during six hours pumping. 

Luedecke states that the Oder Valley soil contains much iron and 
manganese the form sulphides.* long these sulphides were 
not exposed the air they remained unchanged. The lowering the 
ground-water level brought air contact with these insoluble sul- 
phides, which then oxidized sulphates and free sulphuric acid, which 
latter active solvent iron and manganese. The acid could act 
solvent, because the soil not rich lime and other alkalies which 
would neutralize the acid. This process went for year and half, 
when sudden flood caused the appearance the accumulated iron and 
manganese the course presumable that 
diffusion had something with this appearance, but this seems 
inadequate explanation, because after subsequent flood 
September, 1906, the amount iron the water the overflowed 
wells rose suddenly more than 100 parts per million, and the water 
became acid litmus. measurement the rise ground-water 


*“Gesundheit,” 1907. 
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level showed that about 000 gal. water had seeped into the 
water-bearing layer during this flood. This explanation agrees with 
the writer’s experience Reading, where the highest amounts iron 
and manganese followed flood sudden heavy shower preceded 
long period comparatively dry weather. before stated, 


there more manganese the Arad, Hungary, water supply im- 
mediately following rain. 


Several methods for removing the manganese from the Breslau 
water have been proposed. Luerig and Blasky* have advised the 
treatment water after deferrization, first with lime, followed 
aeration, sedimentation, and filtration, and finally with carbon dioxide 
gas—practically softening process. Many the wells, however, are 
unaffected floods. They are use the present time, and, the 
writer informed correctly, new wells are sunk take the place 
those which, during floods, contain too much manganese re- 
moved the present deferrization plant. this way the ground- 
water supply gradually restored, and the filtered river-water 
supply abandoned; the filters now being used for river water will 
ultimately used for ground-water, Berlin. 

Since writing the above there has appeared paper Professor 
Beyschaly, Director the Prussian Geological Survey, and Dr. 
Michael, which gives account studies made learn the cause 
the trouble Breslau.t They, also, believe that the calamity was due 
the manganese leached from the top soil the valley and not 
the water from beneath the lower clay layer, which water contains 


little iron, only traces manganese, and differs from the more super- 
ficial waters nearly every way. 


DESIGN DEFERRIZATION PLANTS. 


The design deferrization plants governed largely the char- 
acter the water. The subject best discussed under the following 
heads, which are the names the various parts such plant: 
Aerators; Subsiding basins; Roughing contact filters; Final filters; 
Apparatus for chemical treatment. 

desirable remove carbon dioxide from the 
water, the more thorough the aeration the better, and for this purpose 


*Chemiker-Zeitung, 31, 255. 
Journal fiir Gasbeleuchtung und Wasserversorgung, 51, 84. 
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one may use great variety devices. The tower type aerator, such 
used Germany, has the advantage aiding the precipitation 
the iron contact with rough surfaces, which effect not obtained 
aerators consisting simple sprays superimposed perforated pans. 

Where the water contains organic matter colloidal solution and 
disadvantage liberate the carbon dioxide, often better 
supply the requisite amount oxygen simple spraying ad- 
mitting air into the suction the pumps. The disadvantage the 
tower type aerator that from ft. head lost, and 
seems the writer that, contact action desired, would more 
economical aerate simple spray, superimposed perforated 
pans, admission air into the suction, and then pass the water 
through coarse gravel, thereby providing both aeration and contact 
without undue loss head. 

subsiding basins are decided economy, because they relieve the final 
filter much work. such cases they are preferred 
roughing filter the same construction cost. 

Roughing Contact Filters—These filters are simply beds 
gravel through which the water passes either intermittently con- 
tinuously and either downward upward. Experiments Reading, 
before noted, show how efficient these roughing filters are preparing 
that water for final filtration. most cases they are more economical 
than subsiding basins, and many cases remove practically all the iron 
from the water. They should designed, like some German filters, 
deposit the iron all through the filtering layer and not the surface 
only. -The gravel should have rounded grains that the bed may 
flushed with ease. 

The rate filtration through roughing filters cannot prescribed 
without knowledge the water treated. For many waters 
rate 50000000 gal. per acre per day may used. When higher 
rates are used, the retention iron hydrate may diminished. This 
factor also dependent upon the character the water. 

Final Filters—Final filters may varying degrees fineness, 
ranging from the gravel which will retained sieve having four 
meshes the inch sand having effective size 0.12 mm. 

desirable when coarse material used cause the precipita- 
tion the iron throughout the whole layer filtering material instead 
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near the surface, best the case surface-water purification. 
Germany this accomplished grading the filter material. Filters 
this kind, Leipsic, Stargard, and Harburg, have been already 
described. 

The aim all deferrization plants is, course, increase the 
speed precipitation, and may laid down general rule 
that the coarser final filters are most useful waters which precipitate 
their iron rapidly and coarse Waters which are difficult 
treat, however, while they may improved greatly passing through 
coarse roughing filter ordinary thickness, almost invariably 
require final filtration before being suitable. for consumption. 
Mechanical filters are almost invariably used with waters requiring 
chemical treatment. There are materials superior sand and 
gravel for use filters. 

The properly treated water may filtered through the final filters 
almost any practicable rate, and for this purpose mechanical filters 
are preferred rule. However, slow filters 000 000-gal. 
rates may found more economical many cases, especially where 
preceded roughing filters, which latter would increase the quantity 
water filtered between scrapings. Far Rockaway, Y., growth 
forms mat the surface the bed, which mat can easily 
rolled and removed, taking with the accumulations iron the 
surface the bed, and reducing the cost scraping. 

Apparatus for Chemical Treatment.—The apparatus for applying 
sulphate alumina should the same that used for the purifica- 
tion muddy river waters. Lime can added either the form 
milk lime, or, more economically, saturated solution, 
practiced St. Louis, Mo., and other cities. Clay best added 
the form suspension. The clay for this purpose should selected 
carefully, and which has the largest percentage finely divided 
particles should chosen for use. should mixed with water, 
the heavier particles should allowed subside, and the suspension 
fine particles should fed into the water orifice tank 
through which the suspension circulating continuously. thorough 
mixing the chemicals with the water treated hastens the 
speed precipitation. Very often desirable subject waters 
treated with chemicals preliminary filtration through roughing 
filter before giving them final filtration. The decision this case 
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should depend upon the comparative costs coagulating basins and 
roughing filters like efficiencies, and the costs washing 
the final filter with and without such preliminary treatment. 

The writer feels disinclined discuss the arrangement and choice 
ozone apparatus with the limited data hand. enough 
say that the ozone treatment simply aeration with ozonized air, 
and the ozonization the water takes place under similar conditions, 
but with the exclusion the external air. 


The first requisite for the deferrization demanganization 
water thorough knowledge the water itself, not only from 
chemical, but also from physical and geological standpoint. 
alkaline ground-waters will precipitate their iron ultimately, although 
may require months some Those moderately hard waters 
free from any considerable amount organic matter, which begin 
throw down iron soon they appear above the surface the 
ground, need only aerated and filtered through coarse material; 
while those which precipitate iron more slowly require more aeration 
and more contact with filtering materiai and the accumulated ferric 
hydrate get good results. 

Those waters containing interfering amounts organic matter 
must specially treated. Either there excess organic 
matter holding the iron hydrate suspension, excess iron hold- 
ing the organic matter suspension, the organic matter 
colloidal solution and interferes with the precipitation the ferric 
hydrate. 

the first two cases necessary, the language physical 
chemists, “balance” the electric charges the suspended particles. 
That is, the iron excess, add negative colloid like suspended 
clay organic matter; organic matter excess, add iron 
possible add lime, which forms insoluble compound with the 
humus matter; treat the water with ozone which destroys it, 
increase the bulk precipitate adding both positive and negative 
colloids, for example, sulphate alumina and clay, and, the absorp- 
tive action the greater bulk precipitate, overcome its effect. 

few words, the aim every process should allow time 
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enough for the oxidation and coagulation the iron shorten 
the required time aeration, contact, balancing the several kinds 
suspended colloidal matter mutually precipitate one another, 
or, necessary, increasing the mass precipitate out- 
weigh the effect all interfering substances which may present 
the water treated. 

The writer wishes acknowledge the assistance and advice 
many engineers and chemists, most whom have been mentioned. 
especially indebted the Reading Water Board and its officers 


for the opportunity test various arrangements apparatus 
large scale. 
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THE OPERATION PASSENGER ELEVATORS. 


The subject the conveyance passengers and from the floors 
high buildings one which the public New York City, 
reason the city’s peculiar physical conditions, has particular con- 
cern, and which there much interest for residents other 
cities, well for members the Engineering profession. 

The great increase the number high buildings the metropo- 
lis within the last decade evident any casual observer, more than 
500 buildings exceeding 125 ft. height having been erected within 
period less than years. these, and other buildings less 
height, many thousands elevators are operation, carrying 
far exceeding numbers the passengers all the railroads the 
Greater City, and reaching very large total distance daily 

Between June 1903, and January 1908, there were erected, 
the down-town district, south Chambers Street, office buildings 
having total occupied area 3157 596 sq. ft., and affording, 
average occupancy person 130 sq. ft. rentable area, space 
for business population 24000 persons. Nearly all this space 


papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and may 
sent mail the Secretary. Discussion, either oral written, will published 
subsequent number and, when finally closed, the papers, with 
discussion full, will published Transactions. 
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business and office buildings average height exceeding 
floors above the ground, and may estimated that not less than 
188 elevators are required accommodate this tenancy. 

the lower part the Borough Manhattan there are now 
twenty-six buildings which exceed stories height, and their oc- 
rentable area above the ground floor amounts about 
044 630 sq. ft. There are 266 elevators these twenty-six buildings, 
and their average travel 4400 miles per 8-hour day, their passenger- 
carrying capacity being 896 000 persons hours. 

The Department Buildings reports the existence, the Borough 
Manhattan alone, 9000 passenger elevators and 12000 freight 
machines. During the past six years more than 4000 elevators have 
been installed this area; and between 1903 and 1907, about 725 921 
sq. ft. rented area has been added business buildings, 965 837 
sq. ft. lofts and stores, and 178 248 sq. ft. factories, total 
870 006 sq. ft., about 550 acres. 

the business buildings alone this may assumed provide 
accommodation for about 000 persons, rate increase about 
000 persons per year, who depend upon elevators for access and 
from their places business. 

Such important adjunct the operations modern business 
the passenger elevator has thus become, connected directly with 
the comfort and convenience the public, well the prosperity 
and value immense property interests, deserves closer degree 
attention than has been hitherto bestowed upon its operation, and 
some study the conditions which this form transportation 
have proven successful, compared with the failure transporta- 
tion methods the horizontal direction, will not unworthy con- 
sideration the Society. 

Elevators, like railroad trains, are appliances which operate 
combination with the human element making use the mechanical 
features. 

The reciprocation elevators and trains, they should 
without reference passengers, might afford maximum 
amount operation with minimum utility. Their movements 
within any given period time are reduced and limited the time 

introduced into their operation, passengers entering, riding in, and 
leaving the appliance. 
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will seen, the study the operating cunditions elevators 
proceeds, that they are subject much the same limitations 
the case the operation railroad trains and surface cars. large 
building equipped with bank elevators, operated schedule 
system, practically short-distance railroad, having stations only 
few feet apart. The mere fact the travel being vertical, has little 
bearing the comparison, simply question power operating 
one direction adversely gravity, while the force gravity 
utilized the reverse direction. 

The limitations before referred are less connected with the de- 
signed speed the apparatus than with the time occupied the 
human freight utilizing the appliance. surface transporta- 
tion, not the alert and active passengers, but the slow and stupid 
ones who bring about the delays, aggravated both forms transit 
ill-designed means for admitting the passage these persons 
and from the vehicle. one obstructive person can delay the 
movement train from station, and thereby hinder all trairs 
following the same track, the actions one person one elevator 
will affect the operation others running “schedule,” notwith- 
standing the fact that each elevator possesses its own independent line 
travel. 

Where too large traffic imposed upon elevator set 
elevators, delay will result, not only time occupied handling 
those persons, but additional loss time due crowding and 
pushing past one another. This exactly what occurring to-day 
surface transit, and, result, the designed operation trains 
elevators modified, and great extent fixed, the conditions 
set the passengers. 

attempt carry any elevator undue number persons 
per trip brings about delay and less satisfactory service, and results 
less number persons being carried per hour. maximum 
convenience and efficiency attained, when, with intelligently designed 
means ingress and egress from the cars, average number 
persons carried per trip each way, bearing the relation the floors 
which are served, four persons ten floors. 

The passenger elevator appliance having designed limitations 
motion, and certain capacities for lifting and lowering live loads 
its cars, maximum, predefined speeds, The variation in- 
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troduced into its operation varying loads not only modification 
traveling speed, but the time which occupied the 
the car from state rest that speed, and its retardation from 
that speed state rest. 

These modifications also vary the two directions travel, for 
the up-run the force gravity adverse the load and its 
acceleration, but favor its retardation, while gravity acts 
the reverse way regarding each upon the down-run the car. The 
effects gravity may modified balancing counterweighting, 
but the modification merely distributes the effects between the live load 
and the counterweight, and cannot usefully extended much beyond 
the average live load. 

Very considerable variations, therefore, may exist between different 
elevators, not only the matter speed with different loads, but 
acceleration and retardation various loads; and the 
efforts designers have been very properly directed toward bringing 
about the most economical well effective combination lifting 
power, speeds, and retardation over the range loads from full 
capacity the car, that car containing only the operator. 

the operations starting and stopping are necessarily exercised 
very frequent intervals, the capabilities the apparatus these 
functions may greater importance than running speed. Thus 
machine having certain car-speed with corresponding live load, 
exercising that particular speed only over such part the distance 
the travel its car remains over and above the distances occupied 
the process acceleration and retardation. 

The point may illustrated thus: car serving floors above 
the ground floor, travels, say, 384 ft., making stops each way, 
separate flights. has the ability accelerate and retard its 
average speed ft., occupying period each such operation 
2.4 will thus occupy 2.4 38.4 sec., and the distance 
covered this period, 160 ft. The remainder the 
distance, 224 ft., covered (at designed traveling speed 500 ft. 
per min.) 26.9 sec. the traveling speed were 600 ft. per min., 
with similar and retardation, the only gain would 
sec. the whole trip, that, afford any substantial advantage, the 
faster machines must also decrease the time acceleration and re- 
tardation, Mere increase running speed, where stops are frequent 
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and flights are correspondingly short, does not show commensurate 
advantage. 

Since the functions acceleration and retardation thus occupy 
important part the operation any elevator, evident that 
operating conditions which bring about the increase the number 
such functions, and the consequent reduction the distance which 
the real speed the appliance can exercised, are great importance. 

elevator charged with traffic that its operation involves 
stoppage every floor, which business buildings may taken 
commonly arranged distance ft. apart, then there 
time which, with average distance acceleration and re- 
tardation of, say, ft., its designed speed would come into play. 
machine having speed 8.33 ft. per sec., would, point fact, 
develop only average speed 3.73 ft. per sec.; but the traffic 
related the elevator such way (or rather, the number 
elevators were adequate for the traffic) require stops in- 
tervals flights two floors, say, ft., the mean speed would 
rise 5.13 ft. per sec., and the gain the round-trip time 
16-story building would sec., substantial saving nearly half 
minute. 

Fig. shows the curves mean speeds, feet per second, resulting 
from functional distances and ft., and traveling speed 
500 ft. per min., various intervals flights, ft. 

The speed passenger elevator thus seen closely related 
the traffic which imposed upon it. that traffic such 
increase the number stops, and reduce the average flights 
the car below distance required for corresponding acceleration and 
retardation, then the speed capability the machine not exercised 
all, and the mean speed reduced proportion the increase 
traffic. 

recent book elevator service the writer, the statement 
made that when carrying more than certain number persons 
per trip elevator would actually fall off traffic. This result 
readily comprehended when realized that excess load 
involves, not only decrease traveling speed, but also increase 
the distances required for acceleration and retardation, all involving 
losses time. 

The loads, traveling speeds and stopping distances, observed 
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Furman, Am. E., the powerful hydraulic elevators 
installed the Hanover Bank Building, the City New York, 
afford excellent and authentic instance the variations introduced 
into the operation increasing loads, and are plotted Fig. 
together with the curves distances for acceleration and retardation, 
from live load 180 one 3600 say, from the weight 
the operator alone, weight corresponding about 
passengers and the operator. 

Applying the capacities such machine the service twenty- 
five floors above the ground floor, the mean speed between stops will 
varied the load and the distance between stops required that 
load, shown Table 


TABLE 
passen- 
10.7 17. 19.2 21.4 24.2 25.7 

passengers 

floors served............ 0.28 0.42 0.56 0.72 0.77 0.85 

43. 30. 21.5 12. 12, 
Average speed between 


These results give curve passengers per hour, plotted Fig. 
corresponding passengers per trip. The hourly traffic carried in- 
creases rapidly, until the point reached where the relation 
rate, until the reached, and then decreases. 

When relation one person each floor reached, the traffic 
per hour more than that when about 3.5 persons per trip are 
carried. 

These figures also show that the traffic 94% the 
maximum attainable, and that this amount carried 60% the 
time the maximum. 

The difference favor the relation even more marked 
when one-way hourly traffic computed, the small upper curve, 
which shows that when running the basis all one way, very 
nearly the maximum travel attained, and that elevator which 
had been apportioned greater amount traffic, would fall off very 
considerably hourly traffic capacity. 

The developments elevator travel have brought about general 
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demand for convenience point time which represented 
effective service within period about min. for round trip; 
therefore, becomes very desirable determine the amount 
which shall apportioned elevator, and thus learn what 


imposition live load and corresponding limitations flight are 
introduced into its duty. 
Passengers 


per hour 
one way ai one way 


25-FLOOR SERVICE 


er 


Time, Minutes 


raffic 


uced 


8 0 & 18 19 20 21 WB wA 
the Passengers per Trip, each way 


the past, the former these two elements has been rather 


curve, 50% the car capacity elevator. The lack definiteness 
very this assumption apparent. Cars may and are all sizes, due 
which conditions the building, the personal views 
very architects, their capacity for passengers bearing relation the 

developed traffic. large car designed operate under conditions 
general 


40% its full load may allotted averaging 80% 


> 
q 


1402 THE OPERATION PASSENGER ELEVATORS [Papers. 


20%, involving totally different condition from that for which 
was destined. 

the time occupied passenger movement the foregoing 
computations, and Fig. the observations published elsewhere 
the writer indicate that the average passenger occupies for his her 
entrance the car the starting point, exit therefrom, re-entrance, 
and final exit, total period sec., and addition, every 
round trip, sec. should added cover gate opening and start, 
the top and bottom the run. 

The combination time thus established, covers the probable 
requirement landing each passenger, and this duty which 
the machine must prepared and proportioned perform. not 
desirable assume that any pre-determined proportion 
landing with others, since the capacity the elevator .aust 
such will provide for the contingency separate landing 
for each. 

The time thus established for passenger movement appears 
very close agreement with actual conditions. Some trials which 
the time stops landings are given, together with the 
time round trips, are plotted against the outline 
average trip Fig. One that the Hanover Bank elevators, 
already referred to, and the other, that plunger machine the 
Trinity Building. will seen that the agreement the actual 
with the computed conditions very close. 

series most interesting observations has been undertaken 
recently the writer’s suggestion, Mr. Ernest Hill, the 
traffic the Ellicott Square Building, Buffalo, August 21st, 1908. 
These observations are confirmatory the assertions herein made, 
the time occupied passenger movement. This building 
provided with two public entrances, each which are located two 
banks Otis hydraulic-cylinder elevators, speeded average 
about 350 ft. per min. these, five were operation the Main 
Street entrance, which the busier the two, and these, record 
was taken every person carried either down, every trip, 
each elevator, during period ten hours, which averaged 
follows: 
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The round-trip time these five cars averaged 2.09 min., which 
closely agrees with calculated time 2.01 min. During the busiest 
hour the traffic increased 5.52 per trip, when the round-trip time 
lengthened out 2.16 min. This the same the computed time 
based the allowances time, herein stated, each passenger. 

These results, therefore, confirm the time allowance sec. 
each passenger, and show that such traffic reduced the speed between 
landings 260 ft. per min. 

The passenger elevator thus seen appliance which, 
whatever its designed functions, the time its operation sub- 
ject large modification the passengers making use it. 
does not, therefore, stand the same order other machinery, but 
its operation considered part that the human beings 


earried, both numbers, their individual actions, and last and 


not least, part that due the the operator. 

Herein found the reason for the wide variation round- 
trip times, and resulting convenience its opposite, machines 
similar character and power, and much explanation may derived 
the difficulties under which designers elevators have labored, 
ascertaining the various elements which make the speed 
capabilities their apparatus. 

The desideratum evidently the attainment maximum powers 
acceleration and retardation, and the maintenance travel- 
ing speed, with varying loads. 

The ideal machine, for the attainment maximum results, 
traffic, will that which will possess the power attain with all 
loads, the desirable maximum, the designed speed either 
direction, and combination with system counterbalance related 
its real average live load, will with all loads the same 
distance for combined acceleration and retardation either direction. 

the past, too great attention been paid the subject 
operating economy, and that attention may now profitably diverted 
the more important question which determines the real work and 
economic value the apparatus, namely, the amount passenger 
traffic which the elevator shall apportioned convey. 
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WATER-WORKS VALUATION AND FAIR RATES, 


THE LIGHT 
THE MAINE SUPREME COURT DECISIONS 
THE WATERVILLE AND BRUNSWICK CASES. 
Discussion.* 

AND ALLEN 

el- 


Burns, Am. Soc. (by paper will mr. Burns. 

read with interest, and those engaged valuation work will grateful 

for the added light thrown upon subject which has been enveloped 

all Doubtless subject equal importance has caused more 
diversity opinion among experts than this question valuation 

quasi-public utilities. The Brunswick opinion, cited the author, 

especially interesting, represents the amended ideas 

eminent judge after further consideration subject previously 

studied, presumably with considerable care. Even the Maine de- 

cisions, however, some rules are prescribed which upon close analysis 


appear lead ambiguity and conflicting results relative 
franchise value. 


seems clear that franchise value cannot considered deter- 

= 
mining reasonableness rates, because the franchise has value, 
other than the opportunity that creates for the safe investment 
capital, and unless the capital thus invested produces returns greater 


*This discussion (of the paper Leonard Metcalf, Am. Soc. E., printed 
Proceedings for October, printed Proceedings order that the views expressed 
may brought before all members for further discussion. 
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than the market rate fixed the law supply and demand, then the 
franchise has value, while, the other hand, the rates are 
higher than fixed the law supply and demand regulating the 
investment capital similar undertakings, then they are unreason- 
able just that much. other words, franchise value the 
measure the unreasonableness the rates, and neither exist 
unless the other present. Moreover, requires unusual stretch 
the imagination conceive condition affairs that could 
justify city town paying for franchise occupy its own 
streets simply because that privilege had been previously extended 
corporation. the municipality reimburses the corporation the 
extent what the property actually worth the city, including 
fair estimate the expense that the city would have incur de- 
velop the business, there can reasonable grounds for complaint. 

state that “the reasonableness the rates relates both the 
owner and the customer, but case conflict the rates must any 
event reasonable the customer”, followed the stipulation, 
public service company cannot lawfully charge more than the services 
are reasonably worth the public even charges 
limited fail produce fair return the owner upon his 
property investment,” unquestionably correct. pursued its 
logical conclusion, this theory would seem require the consideration 
evidence show what the cost would the consumer, per- 
mitted serve himself the substitution another equally efficient, 
different, structure the same work; and, the light the 
further statement, that “Communities are entitled the benefit 
natural advantages, and the company not entitled charge en- 
hanced rates based upon the cost using the more source,” 
difficult understand why the testimony covering point 
the Portland case was not given consideration conformity with the 
above rulings. 

The original cost frequently brought forward and unduly em- 
phasized corporation experts, with the plea that the valuation the 
property should not less cost the company, less proper allow- 
ance for depreciation. 

However, the original cost should have more consideration, 
the case company having built works under difficulties and 
time abnormal prices material and labor, than should under the 
reverse condition, case company having purchased property 
foreclosure sale small fraction its structure value. 
property having structure value $100000 were purchased 
private company for would manifestly unjust for the 
municipality take later date appraisement based 
upon the original cost $25000, thereby taking advantage the 
company’s good fortune having been able acquire the property 
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bargain time when, perhaps, the municipality could not have Mr. Burns. 


purchased the works advantageously, all. the other hand, 
equally unjust require the municipality pay exorbitant 
price for property based original cost loaded with promotors’ 
fees, excessive bond discounts, unreasonable construction cost any 
nature, whether due high prices material, poor management, 
lack engineering investigation, what not. 

company undertakes the construction water-works system 
when prices are abnormally high, and willing finance the project 
with such disadvantageous conditions, under franchise granting the 
municipality the option purchase appraisement, does its 
own free will, and should not complain subsequently its property 
appraised market prices differing from the original cost. 

true that the “reproduction cost” has always been recognized 
pertinent and important, though not controlling, valuation cases. 
Why should not controlling determining the price that should 
paid for the property case purchase the 

Reasonableness rates could not well determined this pro- 
cedure, because there would result continuously changing system 
rates, which would impractical application, and, therefore, the 
only practical basis valuation for rate-fixing purposes should the 
average prices extending through period years, what might 
termed the normal prices. Normal prices appear the proper basis 
valuation used fixing rates, but not the purchase the 
property. 

When municipality decides exercise its prerogative, and pur- 
chase water-works system, provided under the terms the fran- 
chise, entirely practical appraise the works the basis 
current prices, and seems proper compute the reproduction cost 
that basis, and use that result with proper allowance for depreciation 
(both physical and functional), the correct valuation the plant. 
Whether the result thus found greater less than what would 
have been year previous, what might some future time, 
mere incident, and should have influence the case. the 
municipality elects purchase the property the present time, 
should pay the present value, whether that greater less than the 
normal average value. fact, can make but little difference 
either the purchaser the seller whether appraisement made 
high prices low prices, providing the prices used are current and 
date, but use prices year two ago may the 
injustice one the parties. would interesting know 
what special arguments were offered pro and con, cause the ruling 
the Maine Courts fixing the assumption prices prevailing time 


long enough prior the date taking cover the probable period 
construction. 
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universally true that, when prices are abnormally low, rates 
interest are high, and vice versa; the law economics equalizing 
force affecting both the seller and the purchaser. way illustration 
—using the Portland case cited the author—suppose the price 
cast-iron pipe had been taken the rate prevailing the date 
taking. The reproduction cost would have been $80 000 less than -vas 
found under the Maine ruling requiring the price assumed 
the market rates two three years prior. 

The author does not present data show the relative rates in- 
terest that the city would have had pay upon the bonded debt 
the two periods question, but the financial conditions throughout 
the country have been such that safe predict that the munici- 
pality should have been given the benefit the reduced price 
material; and even after making the $80000 reduction, the actual 
interest paid the municipality the bonds issued 
ing the plant have been bought with the proceeds bond isue) 
would have exceeded the interest paid the larger bond issue two 
years prior. 

Again, considered from the standpoint the seller, there seems 
reason equity why the plant should valued upon prices 
other than those vogue the immediate date sale. prices are 
low, has the opportunity reinvest his capital similar enterprises 
those very same prices, hence, injustice has been done using 
the current prices. Why should the valuation based prices 
year two prior, when the opportunity for reinvestment those 
prices has long since gone by? Suppose the city, purchasing pipe 
two years ago $29 per ton, ordered surplus pipe, and stored 
this surplus pipe the warehouse. Certainly one would argue 
that this stock hand worth per ton more than new pipe, and 
yet such argument would just sound say that the pipe 
the ground worth $29 per ton now simply because the municipality 
would have had pay that price for two years ago. 

There can rule guide the appraiser more fair than the 
principle quoted the author: “The worth the service the 
consumer.” This rule, intelligently applied, should applicable 
determining “fair rates” well present value for transfer the 
property. 

hoped that will follow concerning functional 
depreciation, covering some the customarily disputed points. Water 
companies have frequently employed able engineering advisers who 
have produced every possible argument swell the value the prop- 
erty, while the municipalities have frequently failed appreciate 
the necessity value such assistance, leaving the matter the 
hands some local attorney who finds himself overwhelmed with 
evidence beyond his comprehension, and unable meet the argu- 
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unchallenged, and methods calculating present values wholly favor- 
able the corporation interest have prevailed frequently have 
become classic and accepted without question serious combat. 

case where the water company’s expert maintained that proper item 
considered the cost reproduction the presence street 
located directly over the pipe line. argued that the extra 
cost taking and relaying the track should added item 
value, the theory that such expense would necessarily 
duplicating the system. needless say that the city’s 
easily combatted the argument the mere statement that the pipe line 
need not located under the track, worth less virtue such 
tion, and would not thus located were the city build its own plant. 

But what about street paving? Appraisers have quite uniformly 
agreed upon the fairness allowing extra value pipe lying be- 
neath paved street. But why so, unless necessary for the 
pipe thus located? the franchise provides that the paving over 
the pipe shall laid and maintained the expense the water 
company, then would fair and equitable allow extra for the 
paving; but, the absence such provision, there can equity 
allowing extra therefor, thus requiring the municipality pay 
foreign company double premium upon item for which the city 
itself has already paid. 

seems more logical treat street paving cause for 
functional depreciation, for pipe line lies under paving, cer- 
tainly costs more maintain it, every street connection that requires 
repairs more inaccessible, and, fact, the street paving decidedly 
objection the water-works system. the pipe line could well 
laid between the sidewalk and the curb line, usually the case 
residence districts, the alleys commercial districts, thereby 
avoiding the paved streets, then the paving should treated 
item depreciation rather than contrariwise. 

investor were purchasing water-works system, doubtful 
would inclined pay any more account the pipes being 
covered with expensive street paving; indeed, the franchise re- 
quired the water company take and replace all paving disturbed 
with excavations for repairs, the prospective purchaser 
would insist upon smaller price account the street paving. 

Regarding physical depreciation, there can more fair method 
than compute the annual cost new article, and 
ascertain what value the old article will give the same annual cost 
the user. long established custom, interest payable annually, 
taxes are collected annually, and the year convenient unit time 


ments. The result has been that many unsound arguments have passed Mr. Burns. 


Be 
5) 
e 
3e 
in 
nal 
ter 
vho 
op- 
ate 
; 
| 


Mr. 


1410 DISCUSSION VALUATION [Papers. 


Accepting the above hypothesis, the present value any article, 
machine, may defined that sum which will make its annual 
the taxpayer, user, the same the annual cost new machine 
doing the same work. The annual cost any machine 
the interest its capital cost, plus the annual charge for renewal fund, 
plus the cost maintenance and operation (if any). 

The renewal fund that sum which, placed compound interest 
annually, will amount total sum the end the life the ma- 
chine replace it. simple illustration, take stand- 
pipe twenty years old, the total life which estimated thirty 
years, the cost maintenance and operation being the same for old 
structure for new one, assuming functional depreciation 
have taken place due the growth the town changed local re- 
quirements. Assume the cost new structure $10000. Then 
the annual cost new structure follows: 


Interest the capital investment at, say, $500.00 
Annual renewal fund invested at, say, 2.1019% 
Annual cost maintenance (painting, 


For similar structure twenty years old, having ten years yet 
serve, its present value being the unknown quantity, the annual cost 
follows: 


Interest capital investment, $0.050000 
Annual renewal fund (10 years life, basis) 0.087231 
Annual cost maintenance, before, 


Hence 0.137231 710.19 from which the present 
value, equals 5175.14 the cost new 
The present value percentage the cost new structure could 


2.1019 


the author’s sinking-fund data, Table These results can com- 
puted rapidly from sinking-fund tables with the aid the slide-rule. 

facilitate this nature, the writer has constructed 
nine diagrams the above method, and from these the present value 
may read directly percentage the cost duplication. One 
these diagrams reproduced herein Fig. These results will 
differ slightly from the author’s tables, the renewal fund has been 
assumed invested the beginning each year instead the 
year’s end. The reason for this that most statutes provide for the 


well determined directly the ratio 


Present Value, in percentage of cost of duplication. 
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Mr. Burns. collection taxes the beginning the year, and the renewal fund 
nearly always collected time invested least soon the 
structure completed and put into service. 

The diagrams have been constructed for and for re- 
newal fund investments, and for and interest capital in- 
vestment. Before these diagrams were prepared, 1905, letters were 
sent fifteen the leading banks and trust companies Kansas 
City, St. Louis, Chicago, and New York, ascertain what rate 
interest each would agree pay upon sinking fund, contributed 
the beginning each year for twenty years, more, and the replies 
ranged from 3%, the fund being protected surety bond the 
expense the bank each instance. 

the article for which the present value sought machine the 
cost operation which dependent its physical condition, this 
factor must introduced into the calculation, and correction must 
made therefor before applying the diagrams. 

may appear some that this discussion unduly partial the 
municipality. not thus intended, although must apparent, 
those who have followed the subject closely, that the corporation 
interests have developed their side the subject far more skilfully 
than have the municipalities, due the short-sighted policy many 
city officials failing employ competent experts aid their legal 
advisers. Court decisions are based upon evidence, and influenced 
argument, consequently but natural that the greater number 
cases have brought forth decisions favorable the party best prepared 
for argument. 


Mr. Hazle- James Am. Soc. (by letter).—The 
hurst. writer particularly interested the sub-topic “Monopoly Value 
Land and Water 

has been pointed out, the term “Monopoly Value” loosely 
applied such since, from the franchise, the power, right, 
privilege sell water commodity may may not exclusive, de- 
pending the precise terms the grant, and, exclusive, its duration 
time may clearly affect such value. While the Courts 
have generally held that the exclusive right sell water city 
individuals corporations must not have for its object the creation 
monopoly, and cannot enforced, yet certain cases may re- 
cited showing shadowy line demarcation, for instance, the case 
Oakes Cattaraugus Water Company (N. Y.), Rys., 
wherein agreement refrain from forming corporation for the 
construction water-works and from carrying prosecuting such 
work such manner that another may incorporate for that purpose 
without competition not void against public policy. 


Proceedings, Am. Soc. E., for October, 1908, 1126. 
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“Contracts general for total restraint trade, contracts for Mr. 


the purpose creating monopoly, compacts having for their ob- 
ject the elevation depression the market prices, raise 
lower the prices goods and produce, sales stocks, grain, and pro- 
duce margins, option contracts whose effect corner the 
markets, are held against public policy and 

Under the franchise rights, then, seems that even limited mono- 
poly legislative enactment may voided against public policy, 
and this increment value ceases when the monopolistic right 
longer exists, but monopoly value, predicated upon exclusive posses- 
sion, factor that may prime importance and great in- 
value. 

The business acumen foresight individual public ser- 
vice corporation acquiring for use, necessary item element, 
advantageous even exclusive source water supply, impound- 
ing basin, water-shed reservoir site, constitutes natural monopoly. 
obvious that such possession would have value commensurate 
with its present and prospective use under lawful restrictions. 

During the full possession and exercise its franchise rights 
supply water community, would seem clear that where, either 
through the condemnation right eminent domain arbitrament, 
municipality seeks possess itself the property enjoyed in- 
dividual corporation with vested rights, the value any natural 
monopoly should given due weight. 

Under such circumstances, the worth this particular item the 
community and its value the owner should established evi- 
dence, and, the writer, would seem that equity this worth 
value represented the capitalized cost construction more 
remote source supply less accessible and more expensive natural 
location. Perhaps unusual case, where such source location 
fact actual monopoly, its value might predicated upon actual 
and prospective net earnings capitalized, but hardly perpetuity. 

Under such conditions, monopolistic worth community ex- 
actly the same the value the item any one else, and the fact 
the franchise grant gift originally being derived from the public 
not reason for abatement specific value the case such 
natural monopoly. 

against these averments, legal differentiation might apply 
case where the franchise grant had expired limitation and where 
municipality declined renew the same permit transfer 
ownership with extension rights. Such situation would presuppose 
desire for municipal ownership, and this public sentiment 
tude would effect natural monopoly its value such; 
nevertheless, the acquisition property under such circumstances 
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“Contracts general for total restraint trade, contraets for 
the purpose creating monopoly, compacts having for their ob- 
ject the elevation depression the market prices, raise 
lower the prices goods and produce, sales stocks, grain, and pro- 
duce margins, option contracts whose effect corner the 
markets, are held against public policy and 

Under the franchise rights, then, seems that even limited mono- 
poly legislative enactment may voided against poliey, 
and this inerement value ceases when the monopolistic right 
longer exists, but monopoly value, predicated upon posses- 
sion, factor that may prime importance and great in- 
trinsic value. 

The business acumen foresight individual ser- 
vice corporation acquiring for use, necessary item element, 
advantageous even exclusive source water supply, impound- 
ing basin, water-shed reservoir site, constitutes natural monopoly. 
obvious that such possession would have value 
with its present and prospective use under lawful restrictions. 

During the full possession and exercise its franchise rights 
supply water community, would seem clear that where, either 
through the condemnation right eminent domain arbitrament, 
municipality seeks possess itself the property enjoyed in- 
dividual corporation with vested rights, the value any natural 
monopoly should given due weight. 

Under such circumstances, the worth this particular item the 
and its value the owner should established evi- 
dence, and, the writer, would seem that equity this worth 
value represented the capitalized cost construction more 
remote source supply less accessible and more expensive natural 
location. Perhaps unusual case, where such 
fact monopoly, its value might predicated upon 
and prospeetive net earnings capitalized, but hardly perpetuity. 

actly the same the value the item any one else, and the fact 
the franchise grant gift originally being derived from the public 
not reason for abatement value the case 
natural 

against these averments, legal differentiation might apply 
case where the franchise grant had expired limitation and where 
ownership with extension situation would presnppose 
desire for and this sentiment and 
tude would natural monopoly its value 
the property under such 
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Mr. Hazle- would, least equity, seem partake prescription and confisca- 


tion without due recompense, contrary good morals, not sound 
public policy. 

Arbitrary acts and sharp practice should decried alike the 
individual and the community, and public policy well high moral 
conception should direct opinion prevent unfair treat- 
ment vested rights the interest private public gain, and 
especially should this where endeavor made destroy values 
such quasi-public enterprise water-supply plant. 

specific case, coming within the knowledge the writer, and 
illustrating the right municipality secure its use through 
condemnation certain items, features, interests, excerpts are made 
from the case Wood City Mobile, Circuit Court, D., 
February 8th, 1900; appealed April 2d, 1901: 


“The legislature the State Alabama act approved 
Nov. 30th, 1898, authorized the City Mobile provide, maintain, 


_and operate systems water-works and sewerage; and act approved 


Nov. 30th, 1898, authorized the City Mobile make and issue bonds 
for building, purchasing otherwise acquiring systems water- 
works, and secure said bonds; and act approved Dec. 10th, 
1898, authorized the City Mobile condemn eminent domain the 
outstanding interest what known the ‘Mobile City Water- 
Works;’ under the statutes, the City Mobile condemned, exer- 
cising the right eminent domain, and the interest Walter Wood 
what known the ‘City Stein such interest 
being the whole. The decree the Probate Court con- 
demned the lands for public use, and vested the title the city, all 
and singular, the perpetual right all the interest every kind, 
character and description belonging Walter Wood Philadelphia, 
Pennsylvania, whether the same legal equitable and those 
water-works known the ‘Mobile City 


Under the theory that the proceedings the Probate Court were 
void, the plaintiff instituted the lower Court action ejectment 
recover possession. Under this plea, the plaintiff, Wood, contended 
that: 


“The Probate Court had jurisdiction and power condemn emi- 
nent domain only much the land and such interest the property 
and lands the plaintiff were necessary for the use the new 
water-works system, and that only easement right-of-way over 
such lands actually needed for the construction its new water- 
works system could condemned the city, and that, far 
the decree the Probate Court went beyond this, was absolutely 
void and passed title the city; and further, that even the prop- 
erty was legally condemned, yet part was never used the 
city for the public benefit, such part reverted the original owner. 
and could receive back ejectment.” 


Held Part the the contention that part the 
property the old Stein Water-Works has reverted the original 
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owner because non-user after condemnation, may admitted that mr. 


the general that when corporation, the exercise eminent 


domain, acquires for public purpose easement land, its right 


and title the property acquired are dependent upon the use 
the property for public purposes; and, when such public use aban- 
doned, the right hold the land ceases, and the property reverts its 
original owner. But the plaintiff error that case can take noth- 
ing under this admitted rule, for two reasons: First, under the statute 
Dec. 10th, 1898, more than easement was condemned; to-wit, all 
the right, title and interest, legal and equitable, the basis which 
full title supposed the owner was fully compensated, and the prop- 
erty thereupon became the absolute property the corporation; second, 
because, the agreed statement facts this case, expressly 
admitted that ‘the City Mobile has used, and still using, the whole 
the property and franchises acquired from the plaintiff error 
supply water the citizens Mobile, and that the said Mobile City 
Water-Works are now connected iron pipes with the new water- 
works system built the City Mobile under the act the general 
assembly Alabama, approved November 30th, 


this cause the plaintiff sought establish the fact that, only 
easement being necessary the City Mobile, could only con- 
demn right way over lands controversy, maintaining that any 
item property not actually required for the use should revert 
the original owner. The admissions the case seem fully justify 
the decree. 

Considering the converse, where the effort force upon mu- 
nicipality, exercising the right eminent domain, all and sundry items, 
some which are perhaps undesirable unnecessary its use, 
would seem that such matter the principle may applied toward 
the acquisition some natural monopoly coveted feature, neglect- 
ing other items whereby their value may depreciated destroyed, 
provided values considered broadly, the appraisement being based 
existing conditions and determined facts, and with due regard 
the principle that, after sucking the orange skimming the cream 


values both the substance taken and remnant left must, al] equity, 
enter into the final consideration. 


Hazen, Am. Soc. E.—The speaker very much Mr. Hazen. 


interested the subject water-works valuations, and was fortunate 
being able read large part the manuscript for this paper 
and talk over various matters with Mr. Metcalf during its 
preparation. 

The decisions the Maine Courts certainly thrown great 
deal light upon the methods valuing water-works properties, and 


the speaker extremely glad that these matters have been presented 
the Society. 
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PAPERS AND DISCUSSIONS 


This Society not responsible, body, for the facts and opinions advanced 
any its publications. 


FOUNDATIONS 
FOR THE NEW SINGER BUILDING, 
NEW YORK CITY. 


Discussion.* 


Thomson states that some the columns 
the Singer Tower were anchored the footings order provide 
for the uplift caused the wind pressure the building. brief 
description the wind bracing, and more particularly the method 
calculating the load due wind pressure the footings, may prove 
interest. was assumed that the tower would exposed wind 
pressure per sq. ft. from the top the roof the 14-story 
main building, the lower portion being sheltered from wind all 
sides by. the surrounding buildings. 

The wind moment equals 23.7% the moment stability, both 
moments being taken about the base the tower. the Building 
Code New York City specifies that the wind moment any 
structure shall not exceed 75% its moment stability, the design 
well within the limits the law. 

There are eleven sets braces resist the wind pressure 
northerly and southerly direction, and ten braces easterly and 
westerly direction. These extend the thirty-third story; below 
the fourteenth story there are two additional braces each direction. 
Each wind brace may said consist vertical truss ft. wide 

This discussion (of the paper Kennard Thomson, Am. Soc. E., printed 


Proceedings for October, 1908), printed Proceedings order that the views expressed 
may brought before all members for further discussion. 
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DIAGRAM INCREASED PRESSURES 
COLUMN FOOTINGS SINGER BUILDING DUE 
WIND; REGARDING THE TOWER 
MONOLITH 
Average width 
€ posed to Wind 
= 63/0" 
3 > W=350 x 63 x 20 q 


(On 50% 
increase 
allowed 

Code.) 


560 
- Weight of Tower, 18,365 Tons 
18,400 Tons 


Wind 
442 000 380 


168 000 000 


Ratios: 


get the Increase due Wind,multiply the Load the 
inner four Columns by 1.04; on the next square 

(According the Monolith Theory). 


Tower 


Center Line of 
* 18 400 Tons 


i 7 79 9; 7 


Col,No.1 No.2 No.3 Not No.5 No.6 


Average pressure == 18 400 


=3.65 tons per 


3.65 =1.04; 3.65 =1,18; 3.65 =1.287. 
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Mr. Semsch. and about 500 ft. high, formed two lines columns with cross- 
latticing between them. 

account the unusual architectural treatment the tower 
was impossible install system bracing extending 
across the entire width each side, which, course, would have 
been the most natural thing do. front the tower consists 
five equal bays, the three middle ones being combined into what 


1 | 


, 


' | 
PLAN SHOWING LOCATION WIND BRACING 
SINGER TOWER 


Fie. 13. 


practically one huge window about ft. wide. This window pro- 
jects several feet beyond the wall line; was impossible, therefore, 
run any bracing across it. Accordingly, four braces were placed 
each corner the tower, forming really four small towers, each 
ft. square, and the others were grouped around the elevator 
the center the building. 

Each brace was calculated that could stand alone and resist 
its share the wind pressure. Thus, ten these braces were 
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set side side, with plate, about ft. wide 500 ft. high, placed Mr. Semsch. 


against them, they would capable resisting safely pressure 
per sq. ft. that plate. 

This method calculating the wind load, according what the 
speaker terms the “brace” system, distinguish from another 
method mentioned later, resulted concentrating that load, 
far the foundations were concerned, under the sixteen columns 
the four corners the tower and under the elevator-shaft columns 
the center. The designers, however, were sure that reality the 
entire wind load would not transmitted the footings these 
columns but that some pressure would carried down each 
column the tower, whether not formed part the bracing. 


order get some idea what this load for each column might 


be, the tower was regarded monolith, and was made 
the distance the resultant the wind load and the total weight 
the tower would fall outside the center its base. This distance 
was found ft. From this was ascertained the ratio according 
which the average pressure under each column would increased 
account this eccentricity. this way the amount wind load 
that each column would transmit the footings was found, according 
what might termed the “monolith” system. 

There were then two sets and finally, accordance 
with the suggestion Mr. Ernest Flagg, the architect, the average 
between the loads obtained each method was taken the wind load 
the footings, for seemed reasonable that the correct solution 
the problem lay somewhere between the two. designing the anchors, 
however, the full uplift developed the braces regarded standing 
alone was taken. 

Messrs. Boller and Hodge, who made separate calculation, as- 
sumed that two-thirds the entire wind load would transmitted 
the footings the columns forming part the wind braces, and 
the remaining third the columns outside the wind braces. 
Wherever the wind load the base column amounted less 
than 50% the combined dead and live loads, they disregarded 
altogether—according the practice followed bridge designing. 

The wind loads given Mr. Thomson Table were really 
reduced one-third before being applied the footings, because the 
Building Code New York City allows increase 50% stresses 
when for wind load. 

the architect’s method calculating, the total load 
the tower footings proved be, round numbers, 30000 tons. 
This, divided the total caisson area, 2794 sq. ft., gives average 
pressure 10.7 tons per sq. ft. The load not evenly distributed, 
however, but varies from tons per sq. ft. some places tons 
others. Messrs. Boller and Hodge allowed tons per sq. ft. for 
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Mr. live and dead loads, and 224 tons per sq. ft. for live, dead, and wind 
loads. According either method, the tower amply safe, and its 
rigidity and solidity are really remarkable. 

mentioned Mr. Thomson, several the caissons were out 
plumb few inches, and one was out about ft. Considering the 
depth, ft., this was not wondered at. However, when the 
owner heard it, accepted the situation soon the Foundation 
Company had agreed put 12-in. bed concrete over the entire 
area, and around the tops the caissons, tying them all together. 

This precaution was really not necessary, because the surround- 
ing sand and hardpan held the securely place that they 
could not have moved, but the owner very properly took the position 
that was entitled caissons which would capable standing 
without any earth around them whatever. 

This method solving the difficulty may used precedent 
engineers their clients ever refuse accept caissons account 
their being out plumb. 

Mr. Stern, Am. Soc. Thomson has mentioned 
the inaccuracy wash borings, and the speaker wishes endorse this 
strongly. The results these borings must examined very care- 
fully and, possible, compared with others taken the neighborhood, 
and even after this done the results are not always trusted. 
one very serious case, wash borings were taken, which showed 
rock below the surface, and the foundations were designed 
accordingly. sinking the foundations was found that instead 
solid the bottom consisted broken stone filled depth 
ft. poor, soft bottom, the site having been originally pond 
which was used convenient dumping ground for whatever was 
excavated the this been known before the 
foundations were designed, many thousands dollars would have been 
saved the owners. 

The method placing contract for foundations, namely, lump 
certain depth, and extra price per cubic yard for every- 
thing below that depth, commends itself also being fair both 
owner and contractor. 

would interesting know why was decided carry the 
foundation rock after hardpan had been reached. Was not this 
considered sufficiently good foundation? The 
the neighborhood the Singer Building practically the con- 
sistency concrete. The speaker has had specimen exposed his 
office for months without the slightest sign disintegration. 

Mention also made the care required sinking caissons 
order avoid tilting. This is, course, very important and too 
much care cannot taken this matter. money well speut. 
dollar spent avoiding misplacements will save hundreds later 
trying rectify them, and, some correction impossible. 
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necessary, not only that the work started exactly right, but mr. stern. 
also that continual and careful observations made with surveying 
instruments, order that accuracy position may maintained. 

The methods sinking pneumatic foundations have been carried 
great degree refinement New York City, and perhaps nowhere 
else any country has much work this kind been done, and 
much experience been gained. The Moran air-lock undoubtedly the 
greatest improvement that has been made many years connection 
with the actual processes work. There are some things, 
however, which the speaker’s experience suggests being capable 
improvement, namely, that working chambers which are usually made 
wood might better made reinforced concrete; and that the 
shafts connecting air-lock with working chamber are usually made too 
small permit man climb the ladder safety and avoid the 
hoisting bucket. 

The speaker also agrees with Mr. Thomson that the process 
sinking should continuous, and that there should stoppages. 
this not done, the danger the caisson being “hung up” very 
great, and sometimes impossible start the sinking again—even 
loading with cast-iron blocks—without blowing out the air; and 
this should never done building construction, very likely 
endanger the foundations adjoining buildings. 

Continuous sinking not possible where the form method 
placing concrete used rather than the coffer-dam method, and, while 
the latter method perhaps little more expensive first cost, 
very questionable whether not cheaper the end, for enables 
the work done more accurately and quickly. 


Assoc. Am. Soc. E.—The speaker dis- Mr. Jarrett. 
agrees one particular with Mr. Stern. far criticises 
adversely the practice, exemplified the Singer Building foundation 
work, moulding the concrete piers which surmount the caisson 
inside temporary forms and removing the forms before sinking 
the moulding piers, his views are not tenable. states, effect, 
that the long delays necessary the various stages the sinking 
operations insure the setting the concrete before safe 
remove the forms and continue the sinking, have most injurious 
effects. The opportunity thus given for the increase friction the 
settling and compacting the soil around the piers compels recourse, 
Mr. Stern views it, excessive blowing order get the caissons 
resume their downward movement. This blowing, his opinion, 
very often throws the caissons out plumb and general results 
the loss control their movements. favors reversion 
the old style permanent coffer-dam forms because, his 
they allow continuous sinking and thus insure, with reasonable care, 
complete control and better average results. 


may stated once that the continuous sinking caissons 
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partial insurance against unskilful methods and careless handling. 
the other hand, with proper care and the skill acquired long 
experience, caissons may held almost indefinitely and sinking 
may resumed any time without any bad results, being premised, 
course, that all the obvious precautions shall have been taken. The 
specific evil dwelt upon Mr. Stern—the sinking caissons out 
plumb—results only careless work. The presence absence 
permanent coffer-dam form has little with it. structure 
carried plumb depth of, say, ft., not easy throw 
out level. Only such excessive blowing would allow material 
flow under the cutting edge could accomplish it, and such blowing 
reckless and not allowed careful contractor. the caisson 
carrying ample weight, can taken down plumb, even after 
prolonged stoppage the sinking. concluded, therefore, that the 
use removable forms does not necessarily entail the bad work which 
Mr. Stern considers has resulted from their wide adoption. 

Without discussing this particular matter any further, may 
stated that small economy and increased efficiency have resulted 
from this improvement caisson work for buildings. 

The construction and methods described the author have been 
brought out somewhat fully the technical journals. Mr. Thomson, 
however, has dwelt the novel feature this particular work, namely, 
tunneling through the hardpan from caisson caisson and under- 
pinning rock completed pier more than ft. high. Aside from 
the interest this operation, has significance which might, under 
conceivable circumstances, full possibilities. The ease with 
which tunnels, conduits, and the like could carried through this 
hardpan compared with the great difficulty work, either the 
quicksand above the rock below, might small conse- 
quence. rule papers this kind make mention certain 
emergencies which arise such operations. Accidents occur the 
progress foundation work, and require great skill and nerve 
handling, particularly when the work being carried close 
heavy buildings. such locations all the quicksand released 
probably come from under the adjoining heavy structures. 

may pertinent mention incident this kind which 
the sinking these foundations and shows 
bilities damage, the great care which must exercised, and the 
troubles that will arise spite that great care. 

The steam for operating the compressors this particular work 
was supplied the New York Steam Company, the pipes which 
are laid the streets the lower part the city. steam for 
such work Lower New York City thus supplied, there 
available space upon which erect boilers. necessary, course, 
keep the compressors continuous operation, because there 
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always two three caissons the way down, and the loss air Mr. Jarrett. 


would cause inrush quicksand, which absolutely necessary 
prevent. this, the air pressure must kept up, and 
course the steam must steadily supplied. 

While this particular work was being done, the New York Steam 
Company’s plant caught fire one night and, the fire spread, boiler 
after boiler went out commission. The air pressure began 
decrease. There was one caisson about ft. down, another 
more than half way down and third was close the hardpan. Had 
all the pressure been taken from the without making pro- 
vision keep out the quicksand, extremely likely that great 
damage would have resulted. ascertained that all the steam 
pressure would withdrawn, quick action was necessary. The only 
course open was flood the Streams water were thrown 
into each, and the working chambers, together with the shafts con- 
necting them with the air-locks, were filled rapidly possible 
height above the water-level the soil. There was thus obtained inside 
the caisson compensating pressure against the water the soil, which 
eliminated the danger that quicksand might enter. 

After the air pressure was taken off, the caissons remained the 
condition full water, for from hours. The com- 
pressors were then started, and air was applied each caisson cau- 
tiously, some the water being blown out and the remainder being 
back into the soil the air pressure. When the water sub- 
sided was found that caisson had quicksand entered the 
working chamber, but was substantially good condition 
when the air pressure was taken off. 

The flooding caissons resorted often drown out 
fires which timber are not infrequent occurrence. The 
methods resorted order meet such emergencies are the natural 
ones, but very often, the middle the night, with one around 
think and act quickly, and with one the ground who has been 
through similar experience, such situations are hazardous. 
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Evan Am. Soc. (by letter).—The engi- 
neering profession and the metallurgists engaged the manufacture 
structural steel are certainly congratulated upon the extensive 


and careful investigations made Mr. Waddell into the use 


nickel steel for structural purposes, and also upon the work that has 
valuable work. 

The writer was one the first adopt the use soft medium 
steel for structural purposes, covered “General Specifications for 
Steel Roofs and Buildings,” and still the belief that, for great 
many years, nothing better will found for short-span bridges. 

The small saving cost using either medium nickc! 


steel, would hardly valid reason for making change, and, even 


while might considered advisable some engineers use nickel 
steel for medium-length spans, will undoubtedly many years before 
soft medium and medium steel are entirely displaced the building 
short and medium-length spans. 

The great ease with which members can fabricated from soft 


This discussion (of the paper Waddell, Am. Soc. E., printed Pro- 
ceedings for September, 1908) printed Proceedings order that the views 
may brought before all members for further discussion. 
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steel, and the reliability the structures with only the usual amount mr. Fowler. 
fair reaming the shop, are almost unanswerable arguments 
favor continuing the use this metal for short spans. 

presumed from the data the paper that the difference 
cost fabrication, between medium steel fully reamed, and 
nickel steel, very small; that, for spans considerable length, 
and for very long spans, there can little question that nickel 
steel proves reliable the tests stated the paper would 
indicate, will come into extensive use the near future, more 
especially this would enable the engineer use spans several 
hundred feet greater length than possible present. The writer, 
however, has not checked Mr. Waddell’s figures, which the cost 
long spans was compared, but would seem doubtful would 
possible make increase the extent 500 ft., mainly 
account many other factors than the mere cost the metal 
entering into the cost such structures. 

The data available for reference the writer, addition this 
paper, would seem indicate that the machining nickel steel would 
much more difficult than that ordinary carbon steel, although, 
with the small percentages discussed the paper, for actual use this 
would not seem very serious matter, and could only 
determined definitely actual experience the shop. 

The tests also seem indicate that the opinions held the past 
nickel steel are the main correct, and that the effect the 
nickel quite uniform. Would not well, however, make 
careful investigation acid nickel steel, there question that 
for high grade steel for long spans, the acid process 
what better than the basic. 

With reference the future cost nickel, would hardly seem 
likely that even with the additional deposits which have been dis- 
covered, the cost would very greatly reduced, and would well 
know whether not the author has investigated the use fer- 
ruginous nickel for making the alloy, which would just effective, 
and very much less cost. 

will undoubtedly necessary make great many additional 
tests before nickel steel can put into general use, and 
hoped that some the large steel manufacturers will undertake this 


work, which, the necessary extent, can hardly carried private 
expense. 


Brown, Am. Soc. (by the most mr. Brown. 
important facts determined connection with the use nickel 
steel for bridges the proper proportion nickel and other elements 
make the resultant alloy the most adaptable for the purpose intended. 
Dr. Waddell evidently the same opinion, but seems the 
writer that his paper does not give enough prominence this fact. 
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Mr. Brown. The difficulties the way private individual who may undertake 


determine these proportions are apparent; and certainly few, 
able, would willing devote the time and money necessary such 
solution, this will hardly found except after the lapse 
years. probable that nickel steel, material for bridge spans 
ordinary length, ever commonly used for such purposes, will 
have pass through some such period development has struc- 
tural steel during the last fifteen twenty years, and specified with. 
proportions giving elastic limits ranging from those but slightly greater 
than carbon steel that high possible, consistent with fabrica- 
tion under refined shop methods. From these extremes will probably 
issue generally accepted material adaptable ordinary shop methods 
manufacture. Whether not this material will similar that 
proposed the author impossible determine; but seems the 
writer that just because two melts steel having practically identical 
proportions give product good quality which can readily 


fabricated into structural members, little hasty conclude that 


“it not likely that any great improvement the characteristics 
the future plate-and-shape steel, compared with those these melts, 
will affected.” 

The author’s tests are well chosen show the suitability the 
material for the purpose intended, and certainly indicate the fitness of. 
nickel steel material for bridge construction spans ordinary 
length, these being the greatest interest most engineers. Long 
spans, while great interest themselves, not come within the 
range experience the majority engineers, and can treated 
measure apart, being such bulk that special material more 
particularly adaptable them may easily obtained desired. 

The tests for resilience are somewhat surprising, the general im- 


being that nickel steel has considerably more resilience than 


ordinary carbon steel; but the difference not enough prejudice 
its use. The corrosion tests are interesting showing some compara- 
tive measure, with steel, the action gases, would have been 
interesting these tests could also have been compared 
iron basis. 

The writer not disposed agree with the author that the results 
his investigation make “practicable write specifications for 
nickel-steel bridges which wi!! possess the same strength, rigidity, and 
general excellence design the best carbon-steel bridges that are 
being built to-day.” Anything like general specification the 
present time attempting too much. The author’s tests, valuable 
they are affording indication the use the material, are too 
few serve basis upon which write complete general specifi- 
however, seems probable, the author intends these 
specifications serve guide only until further information 
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available, then they can serve valuable purpose. 
material specified, the only criticism the writer offers concerns the 
compression formulas, which are based upon only six tests full- 
sized members. This information appears too meager 
develop compression formula which will inspire confidence the 
minds conservative designers, and, until further tests are available, 
prudence would suggest reducing these units undoubtedly safe 
value. 

enormous amount labor indicated the preparation 
the diagrams giving weights bridges and their comparative costs 
with all carbon steel and mixed nickel and carbon steel. seems 
almost pity that the author should have gone into this deeply 
when considered that the specifications for the two materials 
hardly expected maintain the relations existing when the 
diagrams were prepared. they will illustrate their purpose, 
and the profession position appreciate them. 

These remarks are not intended spirit criticism this most 
valuable and timely paper, and the writer wishes add his word 
appreciation the spirit which makes such paper possible and 


available other and less gifted engineers. 


Am. Soc. (by Waddell’s paper Mr. Bell. 


likely great service, not only the profession, but also 
the general public. 

When considered that manufacturers can produce steel wire 
with ultimate tensile strength 100 tons per sq. in., and plate- 
and-shape steel about one-third the same tenacity, evident that 
the makers the latter should encouraged improve its quality 
much possible. 

common expression that “it the last straw that breaks the 
camel’s back,” and this aphorism comes forcibly home the engineer 
who designing long-span bridge for modern double-track railway 
and other kinds traffic combined. The use nickel steel, sug- 
gested Dr. Waddell, may solve some problems not otherwise easy 
solution. 

soon engineers begin manifest practically desire have 
superior quality nickel steel for bridge purposes, the makers them- 
selves will take the subject earnest. The demand must come, 
before the quality the supply will good can made, and 
probably will take some time find out how manufacture 
superior kind nickel steel for structural purposes. not 
supposed that improvement once begun will suddenly arrested. 
Upon the face the facts already ascertained, there something 
puzzling about the making good nickel steel for bridge purposes— 
something that requires continued action among the makers—to throw 


applied the Mr. Brown. 
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light upon apparent inconsistencies, and clear the way the per- 
fection that likely attainable with due persistence. 

Not many years ago metallurgists found great difficulty the 
reduction refractory ores, but, being persistent their efforts, they 
finally succeeded very large extent, but this improvement may 
continue for long time still. 


“Resistance cracking, property which the name non- 
fissibility has been given, shown more remarkably the percentage 
nickel increases. Bars 27% nickel illustrate this property. 
square bar was nicked in. deep and bent double itself with- 
out further fracture than the splintering off, were, the nicked 
portion. Sudden failure rupture this steel would impossible; 
seems possess the toughness rawhide with the strength steel. 
With this percentage nickel the steel practically non-corrodible 
and non-magnetic. The resistance cracking shown the lower 
percentages nickel steel best illustrated the many trials 
nickel-steel armor.”* 


table the page from which the above quotation taken, 
there the record two specimens nickel steel (bars forged 
dowy from 6-in. ingot in. diameter, with conical heads for hold- 
ing), the first with ultimate tensile strength 276 800 Ib. and the 
second with 246 595 lb. per sq. in. looking the reduction area 
and elongation, seen that neither rises above per cent. 

these ingots were not rolled but forged down, looks the 
amount work put upon them, while increasing the tensile strength, 
had impaired the reduction and elongation. questions this 
kind that manufacturers can helpful engineers, and seems 
the that engineers specifying what they require, should not 
fall below the standards this paper, rather, anything, exceed 
them, because the latter policy would put the manufacturers 
their mettle. assumed, the first instance, that nothing better 
can got than that which has been made already, progress and 
improvement will slow. Suppose that large bridge was 
tendered for and notice such the following was given: 

Every contractor must furnish with his tender bars nickel 
steel such and such size for testing purposes; and other things 
being equal, the tender possessing the strongest steel will have the best 
chance securing the contract, which will not necessarily let 
the lowest bidder, but the contractor who awarded the work shall 
bind himself manufacture steel least equal quality with the 
samples tested. 

such notice (or one more carefully drawn) were used, the 
probability that superior class nickel steel could had the 
shortest time possible. 


See The Mechanical Engineers’ Pocket-Book,” William Kent, 408. 
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was not expected that preliminary inquiry, however ex- Mr. Bell. 


haustive, into subject such magnitude and importance the 
profession and the public, would cover all the ground necessary 
gone over. This matter time and probably also expenditure, 
large enough awaken the sympathy, and engage the active assistance, 
all those who may commercially interested the making 
nickel steel for structural purposes. 

Lately the writer became aware the fact that three-hinged 
metal arch 1800 ft. span could built carbon steel for metal 
weight Ib. per ft.; unit stress main members more 
than lb. per sq. in., either tension compression; and upon 
other parts none greater than 000 Ib. per sq. in.; width the floor, 
ft.; live load per foot, for double-track railway and other kinds 
traffic, 000 Ib. 

this same structure were built equal strength nickel 
steel, would weigh very approximately three-fourths the above, 

will evident those who study Dr. Waddell’s paper, that 
engineers could now safely build upon his specifications, and realize 
important economy; and that the improvement the manu- 
facture nickel steel continued, class material, better than the 
manufacturers would probably admit practicable the present 
time, would soon secured. 

The writer believes that Dr. Waddell and his associates have done 
most meritorious piece work opportune time. was need- 
ful that someone should take the subject, and doubtful 
could have fallen into hands more capable, generous, and painstaking. 


small seale determine the unit stress per square inch the raw 
material new metals they come from the mills certainly highly 
desirable information used subsequently the manufacture 
bridge members; but this, strictly speaking, not the material with 
which the bridge engineer has deal. practically compelled 
take the finished members they come him from the shops ready 
for erection. This what uses, and, therefore, the tests full- 
sized members just they come from the shops give him practical 
results the highest importance, the intrinsic value which cannot 
over-estimated. Past experiments generally show “crippling” ap- 
parently somewhat inside the so-called elastic limit. This, seems, 
undoubtedly due the imperfections detailing shopwork which 
cannot entirely avoided any case. Shopwork detailing years 
ago was very different from that the present day, and, moreover, 
even to-day the work turned out under ordinary conditions may 
vastly different from that turned out under rush order. the latter 
case the inspectors are often compelled slur over many things which 
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Mr. Conte. they would not think passing otherwise, and the result inferior 


shopwork, which reduces not only the strength, but also the life, the 
whole structure. This particularly true built-up members requir- 
ing large amount riveting. 

This being the case, more than interesting study the author’s 
experiments well-built, full-sized members nickel steel. These 
columns speaks properly designed and properly manufactured. 
The results reported are certainly highly satisfactory, and are 
commended every respect. These experiments seem show that 
the engineer now called upon make his unit stresses function 
the shopwork, instead function the so-called elastic limit. 
the West, particularly where the matter railroad transportation 
finished members very serious item expense, often happens 
that much cheaper order the different parts bridge members 
all carefully matched and punched the eastern shops. Then, after 
their arrival their destination, they are assembled and riveted 
the western shops. result, there generally mixture good 
and poor work, and formula could come anywhere near fitting the 
facts such cases. 

Inasmuch these experiments seem show conclusively that the 
ultimate stress which finished bridge members will stand, when tested 
destruction, largely, not entirely, direct function the 
quality shopwork, would seem entirely reasonable and proper 
that every important member bridge (tension well compres- 
sion—or some members both) should tested systematically with 
the full loads called for the specifications before they leave the shops. 
This requirement, although severe, would certainly develop the weak 
points shopwork any existed. Again, the arrival the struc- 
tural iron its destination, all members should examined care- 
fully see that they have not been injured transit. And finally, 
during erection, care should taken that the members are not injured 
handling the erecting parties. old saying, and good 
one, that eternal vigilance the price good work. 

The more the writer thinks over this paper, the more impressed 
with the fact that highly inadvisable lower the standard unit 
stresses called for all the standard specifications the present day, 
because they are based primarily long, painstaking, 
spread experience extending over many years gradual and progressive 
improvement shopwork. Furthermore, any attempt reducing 
these unit stresses would practically equivalent offering 
premium cheap draftsmen and poor shopwork, both which 
engineer experience such matters would countenance. 

Whenever the quality shopwork for any reason begins de- 
teriorate, often extremely difficult find out who responsible 
for the unhappy results. course, true economy always order, 
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and certainly entitled the highest respect, but true economy Conte. 
also about the rarest article find the face the earth. This 
arises from the fact that those supreme charge rarely have any 
conception the value minute technical knowledge and experience 
detailing shopwork, and very often discharge capable and trust- 
worthy man order make room for cheaper substitute. This 
too often the and, result, they never seem wake 
realize fully the facts the situation until some heavy bridge mem- 
ber, being handled yard derrick, buckles right before their 
eyes. shopwork, especially, the honest laborer, the world over, 
always worthy his hire. 

This paper extremely instructive, and shows that the author 
master the details his line business. written most 
fascinating way, and the happy results reported are alluring that 
one naturally and unavoidably drawn toward his side the case. 

shows conclusively the great economy the use nickel steel for 
bridge work general. 

The enormous increase the available length maximum span— 
some 500 600 ft.—speaks volumes for all future designs nickel- 
steel bridgework and structural materials all kinds. Moreover, 
nearly 20% reduction the cost long spans will certainly put new 
life into the whole business, and will produce great and lasting public 


benefit, the full measure which cannot comprehended the 
average man. 


Assoc. Am. (by letter).—It may seem mr. Hatt. 
anomalous that the nickel steel tested the writer for Mr. Waddell 
should show greater rupture-work (resilience) than the carbon steel, 
which more ductile. The values quoted Mr. Waddell are 
given Table 61:* 


TABLE Impact 


CARBON. NICKEL (3.5%). 
Number Number 
Rupture-work..... 1910 1540 1736 2300 1960 2198 


The writer has consulted paper his, entitled “Tensile Impact 
Tests and finds other comparative tensile impact tests 
nickel and common soft machine steel, shown Table 62: 


*The writer has remeasured the drum records for these impact tests, and finds 


correction made the values the rupture-work the case the nickel 
steel. The correct values are those above. 


Proceedings, Am. Soc. for Testing Materials, Vol. IV, 1904. 
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TABLE 62. 
MACHINE STEEL. 8.15% STEEL. 
tested 

mum. age. mum, mum. age. 


These tests, made 1900, indicate the same phenomena those 
made 1907. this same paper are tests three grades steel 
castings (coupons from locomotive driving-wheel centers). See Table 
64. These three tests would serve indicate that the harder metal, 
with less elongation, may take higher drop hammer for rupture 
than softer metal greater ductility. 

This not always the case, however, may seen from Table 63, 
which arranged from the publication referred to. 


TABLE 63.—Impact Various 
TENSION IMPACT WITH SINGLE 


| 


Impact. 
inches, Percent-| pounds pounds 
inches. per square 
age. cubic 
| 
Soft steel castings........ 33.00 315 000 
Nickel steel ..... 0.50 24.00 821 000 
0.16 108 0.70 186 115 000 
Steel wire 0.16 108 9.80 000 
Steel wire annealed........ 0.30 108 800 
108 5.10 556 109 000 


The elongation quoted that remaining the broken test bars 
after the impact test. the exact time rupture the elongation 
undoubtedly greater the amount the subsequent elastic recoil, 
which latter doubt function the hardness the steel. 


TABLE Tests Impact STEEL 


Character fracture. Kind test. Elongation. Rupture-work. Contraction. 


Impact. 30.0 160 40.0 
Impact. 19.0 900 18.8 
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Ostrup, Am. Soc. (by paper mr. Ostrup. 
certainly very exhaustive its scope, and wonder that 
much time was consumed its preparation, and making the 
numerous tests and The information and deduc- 
tions resulting therefrom are well nigh incalculable the profession 
general and the bridge engineer particular. 

Without any outside assistance, manifestly impossible for 
many individual engineers carry costly experiments such 
broad scale, and more than doubtful whether any steel manu- 
facturer would care so. 

also improbable that the steel producer will look upon the 
author’s conclusions with kindly eye; that is, commercially speaking, 
the interest the manufacturers oppose any innovation 
which will require refitting, either partially totally, his furnaces, 
his shops, tools, without the assurance commensurate in- 
and consequent profit, the use the new alloy. This again 
doubtful, for some time least, for the author has shown that 
superiority economy does not become decided factor except for the 
longer spans, when the price carbon steel high. 

However, the work has been completed, the profession has received 
the benefit, and the writer thinks that too much commendation cannot 
extended the author his associates this undertaking. 

Taking various points the paper, the first refers the impact 
tests made determine resilience. 

The author here correctly states, regard this method: 
the total amount abuse given the metal measure 
its toughness and not its resilience.” 

This quite true, inasmuch impact test, matter how made, 
can only give comparative ideas the toughness and ductility 
various metals, and not their exact resilience. 

The resilience structural material determined otherwise, 
its ability absorb potential energy, under load stress, 
and restore the same when the cause has been removed. other 
words, below the elastic limit, resilience measure ability 
materials perform work. 

When such load stress being gradually applied, the resilience, 
per unit volume, expressed follows: 


2 
Direct tension, Resilience.... 
direct compression 
For beam rectangular cross-section, such was used the 
experiments, this formula reduces to: 
S? 


(Bending) Resilience.... 
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where per square inch, the elastic limit, uniformly dis- 
tributed over the entire area; 
per square inch, the elastic limit, the extreme 
fibres 


Neither nor can ascertained with any degree accuracy, 
except where quiescent load being gradually applied. 

drop test, assume weight, falling through height, then 
the total work Ph. Part this energy absorbed the supports, 
part the polar moment inertia the beam, and the remainder 
goes perform potential work. How great that remainder is, not 
possible determine with accuracy. 

the basis the above equations, and using values specified 
“De Pontibus,” and also this paper, better comparison obtained 
between the elastic resiliences carbon steel and nickel steel, viz., 

000? 

000? 

Low nickel 000 000 
000? 


High nickel steel — 2 X 30 000 000 70: 492 in-lb. per in. 


High carbon steel 27.66 in-lb. per cu. in. 


60.00 per cu. in. 


Or, calling the resilience for carbon steel 100%, have: 


These percentages would indicate correctly the comparative re- 
siliences were not for the facts, mentioned hereafter, which some- 
what modify the same. 

When thus modified, will found that the theoretical com- 
parisons will approximate closely those found actual tests 
Professor Hatt, referred the author. 

not quite true that the above comparative values, fact 
any exact comparison, will only obtain where perfect specimens— 
specimens uniform cross-section throughout—are being tested. 


the introduction into the tests deformed notched bars 


element causing great uncertainty has been added. 

Compare, for the flexural resistance two bars, one 
which somewhat larger cross-section than the other, but has been 
notched that its section modulus (but not its moment inertia) 
through the notched portion equals that the smaller and uniform bar. 

According theory, the two bars ought carry the same load, 
but this not so. The effect the notchings, contracting the area 
the cross-section, set severe secondary stresses, their magni- 
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tude being dependent the relative size and shape the notches with mr. Ostrup. 
reference the un-notched cross-section. 
has been the writer’s experience that these secoudary stresses 
reduce the ordinary strength the elastic limit from 40%, 
and the ultimate limit slightly more. 
While this gives idea the reduction the static strength 
notched beam, shows means the reduction its total 
resilience. This reduction follows entirely different law, and the 
effect this law concentrate large part the entire work 
(done upon the beam) the weak section. 


This law expressed follows, when considering elementary 
area: 


where Internal work done, 
Bending moment, 
Angle after bending between planes which were parallel 
before bending. 


those who have broken notched specimens, whether the test- 

ing machine across their knees, matter knowledge that 
the angle, will far greater the point where the cross-section 
reduced, hence the work done that point will increase and the 
total resilience the section decrease correspondingly. 

That the author was aware these facts, indicated finally 
intending use plain bars, and the writer’s opinion that all 
tests should made perfect specimens and, furthermore, that the 
“impact” test any kind steel entirely dispensed with. 

The results obtained the corrosion tests, and the lesson these 
contain, are certainly very not somewhat ludicrous. 
Thus, for instance, the acid test the author’s high nickel steel lost 
94% 160 days, whereas that tested The Osborn Engineering Com- 
pany lost apparently the same space time only about per cent. 

This, however, not mentioned reflection upon the tests 

themselves, but rather upon the fact that, far the writer knows, 
the profession has standard specifications covering the method 
performing either corrosion tests, many other equally important 
tests, upon structural materials. 

has been the writer’s experience, this matter, that nearly every 
testing bureau testing laboratory uses method its own. 

his specifications for nickel steel, the author advocates its use 
for the floor systems bridges, the floor system 
shall preferably nickel steel.” this the writer agrees heartily, 


inasmuch there should result considerable saving the web 
its 
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The economical depth stringer, any plate girder, being 
dependent upon the allowable unit stress the flanges, much 
shallower depth with nickel steel could used. Then again the 
deeper the web (where intermediate stiffeners are used) the thicker 
the web must be, order satisfy the requirement for reasonable 
ratio between unsupported depth and thickness. 

other words, with allowable ratio 1:60, web plate 
in. deep, using 6-in. angles, would require thickness in., 
whereas with nickel steel, for the same case, the depth the web 
would only in., and its consequent thickness in. Since there 
nearly always great surplus metal the web, the waste would 
less when using nickel steel. 

his comparisons costs between carbon steel and nickel 
with reference plate girders, would interesting know 
whether not the author actually used the reduced economical depths 
allowed the use the stronger alloy. 

many standard specifications giving working stresses for mem- 
bers under stress, mention provision made for stresses 
due bending from their own weight, for other secondary causes. 
This omission more general where tension members are concerned. 
That such bending stresses are means negligible can readily 
seen reference recent case, where the sectional area some 
members ranged between 700 and 800 sq. in., and the lengths between 
and ft. 

“De:Pontibus” the author provides for such bending stresses, 
and whenever done, the use nickel steel again will show advan- 
tage, inasmuch these stresses will considerably reduced. 

The author does not specifically mention suspension bridges, where 
demonstrates the economy the use nickel steel and its superi- 
ority for long spans. but such bridges should undoubtedly included. 
The nearly parallel that cantilever bridges, since its dead 
load great compared the carrying capacity, and any reduction 
the dead load also here the greatest importance. 

Furthermore, the use nickel steel tall office buildings should 
considered the near future. Some these buildings New 
York City contain from 000 000 tons steelwork, and, whereas 
the plate girders beams might show little economy the 
use nickel steel, the writer thinks highly probable that the columns 
would show considerable economy weight and cost, and also ad- 
vantages reduction the space occupied. 

The author states his opinion that, when used large 
the price nickel would probably reduced from cents 
cents per pound. not that contrary the laws supply and 
demand? Would not the use nickel steel, nickel, large quan- 
tities equally well cause advance its price? 
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Considering its entirety the whole question the adoption for Mr. Ostrup. 


bridges—or more broadly speaking for structural purposes—of nickel 
steel, the writer cannot add his voice too strongly those who are 
favor alloy which shows many patent advantages. 

There will undoubtedly some who, for one reason another, 
for reason all, will protest against its introduction. Many 
our professional forefathers did the same when Bessemer steel was 
first spoken of, claiming that they had confidence its strength 
suitability for structural purposes. 


tion which much value and interest, and goes thoroughly 
into the economic advantages the new material that very little can 
said that head. 

The calculations steel quantities for various spans are very 
complete, and, although the methods calculation are not given, the 
writer cannot doubt but that the special conditions which must affect 
the design all compression members, and also those which arise from 
the undetermined value the dead load long spans, have been 
taken into account. only these points that ventures 
add few words. 

The experiments seem justify safe working stress, f,, for 


nickel steel, which nearly the working stress, f,, that would 


adopted for carbon steel; and this ratio seems applied 
eye-bars and also columns the ordinary proportions length, 
radius gyration, follows, apparently, that, with the 
substitution nickel steel for carbon steel, the sectional area 


eye-bar might reduced about making A,. the 


case column carrying any given load, however, 
would not found practical effect the same 
reduction, because would difficult preserve, 
both materials, the same ratio 

Let suppose, for example, that, bridge 
given outline and dimensions, have design 
and, first, using carbon steel, have fixed upon 
the best diameter, radius gyration, and thickness plate, giving 
proceed substitute nickel steel for carbon steel and keep the 


76. 


and the would fail secondary buckling crumpling the 
thin plate which was already thin enough. 
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avoid this weakness, should have reduce the radius some- 


thing like 0.8 r,, thereabout, and, when thé best 
dimensions are found, the ratio will greater than before, and 

: 
the area greater than 0.6 A,. 

far the compression members are concerned, the economic 
advantages the stronger material are only fully realized when the 
load great comparison with the length, or, other words, 
when there liability buckling; and the advantage gradually 
lost the load becomes less comparison with the length the 
strut. bridges the longest span the columns will great 
length, and will specially liable buckling; and here should 
expect find, the same time, that the dead load would far less 
bridge nickel steel than one carbon steel. The economre 
advantage the stronger material, applied these long and 
slender struts, would comparatively small, just has been 
the substitution carbon steel for wrought iron; and, though could 
not disappear altogether, would less than the advantage 
the weight steel required. 

the other hand there such limitation respect the 
tension members, and eye-bars nickel steel are found fulfill all 
the practical requirements, there seems reason why they 
should not realize the economic advantage the full. suspension 
bridges should get this advantage throughout the main super- 
structure; girders cantilevers should get the tension 
members, which form one-half the structure, while arches the 
advantage would still less. 

The writer has long believed that suspension bridge rigid 
construction would efficiently fulfill all conditions railway traffic, 
while realizing other important advantages view which was sup- 
ported one occasion Lord Kelvin), and, for spans 500 ft. and 
upward, would possess (in many locations) distinct advantage 
over the cantilever point economy well its rigidity under 
traffic, its unfailing stability, and its safety under wind pressure. 

any case evident that the economic advantage nickel 
steel, whatever may for small spans, will enormously greater 
for bridges very long span where the weight the steel itself forms 
the chief part the load carried. The curves the author’s 
diagrams show very clearly how the weight steel, per linear foot 
increases rapidly with the span, rising toward infinity 
approaches the “limiting span,” for any given type structure. 

discussion this matter “Bridge Construction,” the writer 
has given the formula for weight main superstructure per foot, 


& 
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while the total weight the structure 
Here the wind metal reckoned separately and included part 
the platform load, and therefore part the load carried the 
main superstructure. 
For the main superstructure, the square inches steel section 
required each member separately reckoned for the three func- 
tions which have fulfilled, viz., 


For carrying the platform load the quantity .......... 
For carrying the live load and its impact............ 
For carrying its own 


The formula applicable independent girders, arches, suspension 
bridges, but, stands, not cantilever bridges; and for given type 
design the quantities, are independent the material 
when that inversely proportional the specific weight, 
per ton stress, directly proportional the working stress, 


For each type structure nickel steel, and for the sus- 


The curve representing the relation easily traced; and 


its general form agrees with the curves the author’s diagrams, 
shown Fig. 


the author the results has obtained his investigation the 
physical characteristics nickel steel compared with carbon steel. 

After careful perusal the paper, the writer the opinion 
that, with the proportions nickel determined the experiments, 
nickel steel has been proved material which can safely 
relied the construction bridges large span, and that con- 
siderable economy can obtained its adoption compared with 
carbon steel; but question whether the difference cost will 
its adoption bridges small span, because, for structural 
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Mr. Johnston. reasons, full advantage cannot taken the difference the 
strength the two materials, for instance, the webs plate 
girders. 

The difference the strength nickel steel for rivets com- 
pared with carbon steel, requires that, for the latter material, addi- 
tional metal must provided order compensate for the area 
removed from the plate, owing the increased diameter given 
the nickel-steel rivets, stated the paper.* 

Another great advantage nickel steel over carbon steel that 
the former affected less degree the atmosphere and the 
fumes from locomotives. This great importance the maintenance 
large bridges, for necessitates considerable outlay scaffolding 
for purposes, but, certain extent, this discounted when 
the two metals are used the same structure. 

The photographs the columns tested (Plate CVI) would appear 
indicate that the unsupported wing the angles should made 
thicker than the other wing, which would have the effect increasing 
the radius gyration, and thus add the strength the column. 
would add the interest the experiments they included 
cal columns, order determine their strength and also ascertain 
the ratio the thickness the diameter. 


Mr. Lucius. Am. Soc. (by writer would 
most assuredly build long-span bridges nickel steel. The disclosures 
reference the Bridge and the Blackwells Island Bridge 
would not leave moment’s hesitation his mind. With equal 
assurance, would build short-span bridges soft steel, and would 
not even influenced possibility that nickel steel bridges 
might cheap cheaper, simply grounds greater perfection. 
The writer not sure where would draw the line, but, general 
way, would draw when dead-load stresses exceeded live-load 
stresses, and would then commence study the matter detail. 

Dr. Waddell’s paper complete enough proof that nickel steel 
fully The writer would prefer heavy bridges soft 
steel light bridges nickel steel for railroad purposes, because 
would consider them steadier under heavy loads and high speeds. 
When the practical limitations manufacturing bridges are reached 
would use nickel steel help out, and would probably make the 
entire construction nickel steel, and not only few members. The 
writer considers this paper highly valuable, and believes that the 
thanks the Profession are due the author. 
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MEMOIRS DECEASED MEMBERS. 


will reproduced the volumes Transactions. Any information 


which will amplify the records here printed, correct any errors, should forwarded 
the Secretary prior the final publication. 


CHARLES HAROLD TUTTON, Am. Soe. E.* 


19TH, 1908. 


Charles Harold Tutton, the eldest son George and Sarah Henry 
Tutton, was born Tunkhannock, Pennsylvania, May 10th, 1851. 
When eleven years age, entered country printing-office, where 
remained until was fifteen. March, 1867, Mr. Tutton entered 
the service the Lehigh Valley Railroad engineer, and from 
1869 1872 attended the Rensselaer Polytechnic Institute Troy, 
New York. 

Between 1871 and 1873, located and built the Montrose Railway, 
Pennsylvania, and also worked railroads New Jersey. From 
1874 1877, was engaged mining and general engineering with 
Sterns Wilkes-Barre, Pennsylvania. 1878 was employed 
bridge engineering South Bend, Indiana, but, 1879, returned 
Wilkes-Barre, and was engaged bridge engineering and mining 
until 1882. that time moved Buffalo, where resided until 
his death. 

Mr. Tutton was connected with the Lehigh Valley Railroad from 
1882 1888. designed and built all the Tifft farm improvements, 
canals, coal trestles, and the shore protection along Lake Erie the 
Hamburg Turnpike. also built that company’s coal trestles 
Chicago. 

From 1889 1892, Mr. Tutton was engaged general work for 
contractors, and, during this time, built number trestles the 
Adirondack and St. Lawrence Railroad, the Lehigh Valley coal 
trestle Cheektowaga (the largest the world), the new Buffalo city 
reservoir, 

Since 1893 Mr. Tutton had been connected with the Bureau 
Engineering (Department Public Works), Buffalo, New York, 
and had charge the erection the steel liberty pale the Terrace, 
city dredging operations, Buffalo river improvements, designing and 
constructing the sewer system South Buffalo, and constructing the 
bridge over Cazenovia city survey, plans for the proposed new 


water-works, ete. 1889 was candidate for City Engineer, but 
was defeated. 


*Memoir prepared the from information furnished Mr. Tutton’s family. 
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December, 1882, Mr. Tutton married Fannie Draper 
Tamaqua, Pennsylvania, who, with three daughters and one son, sur- 
vives him. 

Mr. Tutton was able and successful engineer, and was known 
throughout the country genius mathematics. contributed 
many articles and papers engineering magazines, among them, 
“Flow Water Through Pipes” 1896. His personal mathematical 
manuscripts are marvels all who knew him. 

Mr. Tutton was elected Member the American Society Civil 
Engineers October 2d, 1901. was also Member the Western 
Society Engineers since 1877; the Engineers’ Society Western 
New York from its inception; and the American Association for the 
Advancement Science. 
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